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A nuclear electric propulsion (NEP) vehicle concept and mission were developed for the 2025 Planetary Defense Conference (PDC) asteroid target. The work builds upon recent work by Brophy, et. al. using solar electric propulsion for planetary defense. The results with NEP are different given that the NEP vehicle’s power is not affected by distance from the sun. A relatively near-term NEP vehicle concept was developed the NASA Glenn Research Center Compass concurrent engineering team with the power system based on a currently planned 40 kW reactor system for the moon and internal studies to tighten the ion beam of the recently flown 7 kW NEXT ion propulsion system. The tightening of the ion beam allows for more momentum exchange ions to nudge the asteroid while also allowing the NEP vehicle to keep its distance from the asteroid. A recent 40 kW NEP vehicle designed for the moon will be modified to provide both the propulsion to get to the asteroid and then nudge it out of an Earth intercept. The lunar 40 kW NEP vehicle is shown in figure 1.
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Figure 1 – NEP Planetary Defense Vehicle Precursor

Preliminary trajectory studies evaluated how near-term thrusters would trade.  The sample mission assumes a launch on an SLS B1B rocket. The NEP spacecraft, which early scaling found to be 10,350 kg, includes a 40-kW power system and an additional 5% tankage for xenon fuel (Xe). The propulsion system was traded to include alone or in some combination: AEPS Hall thrusters, with an efficiency of 55% and a specific impulse (Isp) of 2600 seconds, and NEXT ion thrusters, with an efficiency of 70% and Isp of 4133 seconds (NEXT).  Ion beam deflection is assumed to achieve 90% efficiency in momentum transfer, primarily along the track of travel. The mission's goal is a deflection of 2 Earth radii (RE). The spacecraft will follow a specific trajectory, including a 60-day post-launch checkout, an outbound Earth gravity assist (EGA), and a 30-day coast both before and after the EGA. The spacecraft will conduct a 30-day asteroid survey before starting ion beam deflection (IBD), which must be completed no later than 100 days before the planned impact.  The relative performance, in terms of what maximum asteroid mass can be deflected versus electric propulsion device(s) is shown in table 1.  The amount of xenon was limited by launch mass.  The results showed that the optimal Isp was around 3000 seconds but that only about a 10% increase in deflected asteroid mass was achieved. Use of a 40 kW NEP vehicle allows for the deflection of asteroids up to the 95th percentile in the PDC 2025 sample mission scenario.
Table 1 – Relative Performance of Near-Term Electric Propulsion Systems
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Launch Year Power (kW) Transit Isp (s) IBD Isp (s) Max Asteroid Mass (Mt) Dry Mass (kg) IBD Xenon Used (kg) Xenon Used (kg) Xenon Margin + Tankage (kg) Launch Mass (kg) IBD Time (years) Time to Asteroid (days) Note
2025 40 2,600                4,133            10.8 10,350               10,929                               15,515                     3,103                                                       28,967                         11.29 1,065                                         AEPS + NEXT
2025 40 2,600                3,626            11.3 10,350               11,381                               16,120                     3,224                                                       29,693                         9.05 1,096                                         AEPS + Optimized IBD Isp
2025 40 4,133                4,133            10.6 10,350               10,739                               13,187                     2,637                                                       26,173                         11.15 1,087                                         All NEXT
2025 40 3,042                3,042            11.8 10,350               12,561                               16,996                     3,399                                                       30,744                         7.03 1,099                                         Optimal System Isp (0.7 eff)
2025 300 2,600                4,133            19.1 18,200               9,822                                  17,410                     3,482                                                       39,091                         1.35 913                                              AEPS + NEXT
2025 300 4,133                7,618            33.0 18,200               12,498                               17,539                     3,508                                                       39,246                         5.85 931                                              NEXT + Optimized IBD Isp
2025 300 4,133                4,133            22.2 18,200               12,490                               17,556                     3,511                                                       39,266                         1.72 942                                              All NEXT
2025 300 7,000                7,000            35.0 18,200               14,421                               17,579                     3,516                                                       39,294                         5.70 995                                              All NEXIS
2025 300 8,070                8,070            37.0 18,200               14,620                               17,616                     3,523                                                       39,353                         7.68 1,009                                         Optimized Power and Isp (0.7 eff), limited to 300 kW
2025 408 10,000             10,000         39.9 21,472               12,567                               15,003                     3,001                                                       39,476                         7.45 1,015                                         Optimized Power and Isp (0.7 eff), limited to 10,000 s











This work will describe the mission trades (launchers, flybys, propulsion systems), the deflection modeling, and the 40kW NEP conceptual design.
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