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Figure 1. Sample JWST Trajectory Showing the Location of Mid-Course Correction Maneuvers 

DELAYED MCC-1A CONTINGENCY 

The first contingency analysis assesses the cost of delaying MCC-1a beyond the nominal exe-
cution time at L+12.5 hours. A delay could happen because of non-nominal spacecraft performance 
or trouble establishing contact during the first hours after launch. A delayed MCC-1a maneuver is 
one of the more likely contingency mitigation scenarios. Steps will be taken to mitigate these risks, 
but it is important that the operational schedule remain flexible to accommodate unexpected delays 
while minimizing the impact on the overall mission. Once the decision to delay MCC-1a is made, 
many factors need to be considered when determining the new execution time. Since early orbit 
operations is on a compressed schedule, and the longer MCC-1a is delayed the less effective it is 
to deliver JWST to its target LPO, time is limited. Nominally, a maneuver-plan product with the 
burn direction, magnitude, and duration would be generated using a high-fidelity propulsion model 
by the Flight Dynamics Team (FDT) and delivered to the Science and Operations Center (S&OC). 
However, the process for generating this maneuver plan is lengthy and the product only applies to 
a specific maneuver execution time. Identifying general trends allows for the aggregation of data 
from a wide range of cases and empowers the S&OC to quickly evaluate the increasing maneuver 
cost as a function of time without the needing to generate multiple maneuver plans.  

Examining the Delayed Maneuver Scenario 

The nominal MCC-series execution schedule is designed to mitigate risk while maximizing fuel 
efficiency, and the primary cost of delaying the MCC-1a maneuver is the additional fuel that would 
be expended to achieve the LPO for the science phase of the mission. Because of the use of passive 
temperature regulation strategies, the mission lifetime is largely determined by the availability of 
propellant and oxidizer to perform maneuvers that achieve and maintain the mission orbit. Based 
on current fuel budget predictions, propellant expended during the transfer from the Earth to L2 
impacts available to maintain the LPO at a rate of approximately 1 year for every 2.5 m/s of delta-
v (DV) consumed during the transfer; likewise, the mission can be extended by the same rate if DV 
is conserved during the transfer. For simplification, this analysis assumes that maneuvers use a 
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Figure 4. Increase in Maneuver Cost as a Function of MCC-1a of Delay 

Operational Application 

The trends presented in the previous section are directly beneficial to mission operators support-
ing the launch. Scaling a set of MCC-1a maneuver DVs. by the representative percentage increases 
(from Figure 4) results in generalized trends for a delayed MCC-1a of any reasonable magnitude. 
Curves for thirteen DVs. associated with an MCC-1a delayed by up to 12 hours after L+12.5 hours 
appear in Figure 5. The three rectangular regions represent critical considerations in how the cost 
of a given maneuver will impact the overall mission. Maneuvers in the green region satisfy all 
mission requirements. The yellow region represents MCC-1a maneuvers that will exceed the max-
imum burn duration and must be cut off prematurely. These cases are still acceptable but increase 
the cost of MCC-1b. The red region represents maneuvers that will expend more fuel than is re-
served for the station-keeping (SK) maneuvers that maintain the science orbit for 10.5 years. MCC-
1a maneuvers that would occur in the triangles in Figure 5 associated Madrid or Goldstone view-
period termination violate a mission desire that at least one DSN ground station must observe the 
complete maneuver.  







 12 

Recovery from an MCC-1a Overburn Using Attitude Variation and SRP  

To model the SRP for JWST, the FDT uses a polynomial curve fit provided by sunshield ana-
lysts. The polynomials are a function of Sun pitch and Sun roll that calculate the SRP force mag-
nitude and direction in the observatory body frame. All three Sun angles are required to orient the 
SRP force vector from the body frame into the Earth centered inertial mean of J2000  frame for 
numerical integration. Unlike a cannonball model, the SRP force vector for JWST is not aligned 
along the Sun-to-Observatory vector. The off alignment can be exploited during flight after sun-
shield deployment (which occurs after the time MCC-1b would have been performed) through the 
execution of the recovery maneuver to help reduce the DV cost for the recovery maneuver. Exam-
ple concentric cones of potential SRP force vectors relative to the Sun-to-Observatory vector ap-
pear in Figure 11. Each cone is made at a Sun-pitch value starting at 0° and incremented by �±13.25°, 
for illustration purposes, until the �±53° minimum limit is reached. The cones all have a Sun roll of 
0° and vary the Sun yaw from �±180° to 180°. The cone comprising a Sun pitch of �±53° contains all 
SRP force vector directions �W�K�D�W���D�U�H���S�R�V�V�L�E�O�H���Z�L�W�K�L�Q���-�:�6�7�¶�V���D�W�W�L�W�X�G�H���F�R�Q�V�W�U�D�L�Q�W�V. 

 
Figure 11. SRP Force Vectors for All Allowable Orientations of JWST. 

Figure 12 through Figure 14 illustrate how changing each of the Sun-angle components sepa-
rately over the timespan between sunshield deployment and the recovery maneuver affect how 
much DV is required in the event MCC-2, scheduled for L+30 days, acts as the recovery maneuver 
for a 1% overburn of MCC-1a (the limits of a recoverable overburn are discussed in a subsequent 
section). Sun-angle plots in the figures assume a default Sun-roll value of 0°, Sun-pitch value of �±
53°, and a Sun yaw value of �±130°; two of the Sun-angle components are fixed at these default 
values in each of the figures, while the third Sun-angle component is varied, resulting in the neces-
sary recovery maneuver DV cost at L+30 days.  

Sun pitch has the largest impact on DV reduction, with a range of DV cost of approximately 1.6 
m/s, as apparent in Figure 12. Sun yaw has the second largest impact, as seen in Figure 13, with 
the difference in range of 0.35 m/s. Finally, Figure 14 illustrates that Sun roll produces the smallest 
contributions to DV reduction with the difference in range of DV of 0.02 m/s, which is expected as 
the allowable Sun-roll range is only ±5°; therefore, Sun roll is not a focus of this investigation. 
Selecting an advantageous Sun-pitch and Sun-yaw combination helps reduce the DV necessary for 
the recovery maneuver. 
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example requires a Sun yaw of �±50°. Sun-yaw variational changes are the result of seasonal effects 
that changes the transfer trajectory for JWST and therefore the Sun-to-Observatory vector. 

 

 

 

 

 

 

 

 

Figure 15. Sun Pitch vs. MCC-2 DV for a 
1% Overburn 

 

 

 

 

 

 

 

 

Figure 16. Sun Yaw vs. MCC-2 DV for a 
1% Overburn

Overburn Recovery by Adjusting the Timing and Direction of the Recovery Maneuver 

For the recovery maneuver itself (in lieu of or part of the nominally scheduled MCC-2), the 
FDT can adjust two parameters to help reduce the DV cost: execution time and maneuver direction 
(i.e., for fixed thrusters, the observatory orientation during the maneuver). Beginning with the pa-
rameter of execution time, the impact of performing the recovery maneuver between L+10 days 
and L+30 days is examined. A lower bound of L+10 days is predicated on the notional completion 
of the sunshield deployment, while an upper bound of L+30 days aligns with the notional latest 
MCC-2 execution time. Impacts of performing the recovery maneuver at a variety of observatory 
attitudes are also examined. The minimum DV cost for station-keeping maneuvers is achieved 
when the DV is applied along or as close as possible to the stable eigenvector.1,3 To maneuver 
�³sunward,�  ́ a Sun pitch of �±53° is required as that orientation �S�O�D�F�H�V�� �W�K�H�� �R�E�V�H�U�Y�D�W�R�U�\�¶�V��station-
keeping thruster as close as possible to the stable eigenvector. This configuration leaves Sun yaw 
as a free parameter to further reduce the DV cost of the recovery maneuver as much as possible 
(effects from Sun roll are negligible). 

In the nominal operations timeline, MCC-2 is planned to occur at approximately L+29 to L+30 
days. In the event of an MCC-1a overburn, MCC-1b is cancelled as the observatory is still in the 
stowed configuration and corresponding attitude, and a maneuver in this attitude only increases the 
velocity of JWST, adding more energy to already mission-ending trajectory. When the observatory 
sunshield is fully deployed (after the planned time of MCC-1b), a wider range of allowable maneu-
ver orientations become available. MCC-2 can become the recovery maneuver to reduce the energy 
of JWST, recover from the overburn, and still maintain �W�K�H���P�D�Q�H�X�Y�H�U�¶�V��primary purpose of placing 
JWST in orbit around SEMB L2. However, performing the recovery maneuver (a.k.a., MCC-2) 
earlier than the nominal L+30 days reduces the DV costs to mitigate the effects of the overburn. 
An example of this relationship for the November 9, 2020, launch case and 1% MCC-1a overburn 
appears in Figure 17. 
















