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Figure 8. Brute force scan to demonstrate success finding the minimum delta-v solution, as noted 

by the black star, using only four differential correction process. 

 
Figure 9. Confirmation that the minimum delta-v solution aligns with the stable eigenvector. The 

green lines are the stable eigenvectors calculated in the CR3B model while the black stars are mini-
mum delta-v solutions found at various orbit locations.  
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For the anti-sunward half of Figure 14 (top row of plots), the results are straightforward. A 
sinusoidal relationship is apparent between the vertex angle and Sun yaw. This relationship pro-
duces a minimum delta-v cost around a Sun yaw of 70 degrees for this specific orbit location, which 
corresponds to the minimum vertex angle as well.  

The results for the sunward half (bottom row of plots) of Figure 14 are more complicated. Be-
cause of the large range of potential in-plane and out-of-plane orientations for the station-keeping 
thrust vector, as seen in Figures 11 and 12, the sinusoidal relationship crosses the boundary set by 
the unstable eigenvector, resulting in both positive and negative delta-v values for the range of Sun 
yaws studied. A negative delta-v value corresponds to an observatory attitude that places the sta-
tion-keeping thrust vector in the anti-sunward direction, at which point a negative impulsive delta-
v is necessary to achieve the desired sunward maneuver (and violating the attitude constraints). The 
values of Sun yaw that produce a negative impulsive delta-v are not a valid attitude for the station-
keeping maneuver. For the Sun yaw values that do produce a positive delta-v, the same relationship 
regarding the Sun yaw, vertex angle, and minimum delta-v solutions exists. For this specific loca-
tion along the trajectory, the Sun yaw that produces the minimum delta-v is �±110 degrees. 

 

 
Figure 14. Demonstration that when the station-keeping thrust vector cannot align with the stable 

eigenvector, the Sun yaw value (at a fixed Sun pitch value of 0 degrees for anti-sunward maneuver 
and �±53 degrees for sunward maneuver) that minimizes the angle between the station-keeping thrust 
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vector and stable eigenvector will result in the lowest delta-v solution within allowable attitude con-
straints. 

To further illustrate the importance of selecting the correct Sun yaw to help minimize the delta-
v costs for JWST, Figure 15 illustrates the percent increase in the maneuver size relative to the low-
energy delta-v solution along the position components of the stable eigenvector as a function of 
Sun yaw. For this anti-sunward maneuver example, the percent increase for the minimum solution 
within attitude constraints relative to the minimum solution along the stable eigenvector is only a 
few percent, if the right Sun yaw angle is selected; however, selecting the wrong Sun yaw value 
results in a maneuver plan up to double the size of the best-case yaw value and needlessly wastes 
fuel. The potential for wasting fuel is even more apparent in the sunward example. Because sun-
ward maneuvers are limited to the RLP-YZ plane, the angle between the stable eigenvector and the 
thrust vector orientation is quite large no matter the value of Sun yaw. The vertex angle range for 
anti-sunward maneuvers, apparent in Figure 14, is between 15 and 60 degrees. The range in vertex 
angle for sunward maneuvers is much larger, between 65 and 115 degrees. The minimum vertex 
angle in the sunward case is 65 degrees, which results in significant efficiency loss when maneu-
vering in the sunward direction. The efficiency loss is illustrated numerically in Figure 15 as the 
best Sun yaw solution within attitude constraints still results in a 200% increase in maneuver size 
relative to maneuvering along the position components of the stable eigenvector in the sunward 
direction. Because of the attitude constraints for JWST, this efficiency loss is unavoidable for a 
sunward maneuver; however, the efficiency loss can be mitigated as best as possible through se-
lection of the correct Sun yaw value during the maneuver planning process. 

 
Figure 15. Maneuver size relative to the minimum solution along the stable eigenvector as a func-

tion of maneuver Sun yaw. The Sun pitch is fixed at 0 degrees for anti-sunward maneuvers or -53 de-
grees for sunward maneuver.  

CONCLUSION 

The delta-v minimization technique first implemented by WIND to find the direction of the 
stable eigenvector in the RLP-XY plane is extended to include a component out of the RLP-XY 
plane to find the direction of the stable eigenvector in all three RLP dimensions. To find the direc-
tion of the stable eigenvector for an arbitrary location in a libration point orbit, four differential 
correction processes, two in-plane and two out-of-plane, are necessary. With the direction of the 
stable eigenvector known, the Sun angles necessary to align the station-keeping thrust vector and 








