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1.0 Abstract 

The James Webb Space Telescope will use a large sunshield to keep the telescope and 
science instrument module in shadow and cooled to operating temperature.  The 
sunshield is roughly the same area as a tennis court and will be subject to solar radiation 
pressure. For attitudes where the center of pressure of the sunshield is not aligned with 
the center of gravity (CG) of the observatory, the resulting torque will attempt to rotate 
the observatory.  For the observatory to remain at a desired attitude, a balancing torque 
will be provided by the Reaction Wheel Assembly (RWA).  As a result, angular 
momentum accumulates in the RWA.  If this accumulation is not managed, then the 
wheel speeds can exceed operational limits, which would impact the ability to slew the 
Observatory or even maintain pointing control.  The RWA wheel speeds are kept within 
operational limits by unloading momentum with thrusters. 

Momentum Unloads (MUs) directly impact the propellant budget through the use of 
thrusters to unload momentum, and indirectly impact the propellant budget through 
perturbation of the orbit, which must be corrected during the subsequent stationkeeping 
maneuver.  The goal of momentum management is to effectively manage propellant, and 
thus maintain or even increase the JWST mission lifetime.  In addition, MUs take time 
away from science observing, thus reducing the number of executed MUs increases the 
observatory efficiency. 

The momentum management operations concept involves a combination of ground and 
space-based activities.  During mission scheduling, the observations will be (a) ordered, 
(b) observation orientations adjusted, and (c) time-windows established to produce 
Operations Plans that minimize momentum buildup and contain scheduled momentum 
unloads.  However, the on-board momentum state can differ from that expected as a 
result of guide-star acquisition failures or instrumental anomalies.  Therefore, the on-
board scripts which control observatory pointing during normal operations will monitor 
the momentum state, and if necessary initiate autonomous MUs between scheduled visits.  
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In addition, the Observatory’s Attitude Control System (ACS) will be monitoring the 
momentum state.  If the Spacecraft determines that momentum must be unloaded then the 
Spacecraft will safe the Observatory and execute a contingency MU. 

This report documents the operations concept for momentum management for JWST, 
including creation and maintenance of the torque table, planning and scheduling to 
manage momentum, and on-board script monitoring and commanding of momentum 
unloads. 

2.0 Introduction 

JWST momentum management has been studied for over 3 years.  The Observatory 
architecture, the fidelity of the various Observatory models including planning and 
scheduling models, and the momentum management operations concept have all evolved 
over that time.  As the studies were developed, they typically used the latest available 
information such as the current momentum storage capacity, the latest sunshield torque 
tables, the latest algorithms, and the current or pending momentum related requirements.  
Following is a review of the earlier studies showing the path to our current 
understanding. 

2.1 Previous Studies 

The first two studies were produced in 2004 as internal memoranda, and were then 
rereleased as Technical Reports.  The following list is in roughly chronological order. 

Kinzel (2005A) demonstrated that the amount of stored momentum at the end of a 22 day 
station keeping interval could be significantly minimized (to 25% of the mean value) by 
randomly rearranging the scheduled observation order for a set of fixed orientation one 
day long observations, to generate 100 different schedules, and selecting the schedule 
with the lowest ending stored momentum.  Many sets of observations with different 
targets randomly selected from the Field of Regard were used in the analysis to 
demonstrate the utility of the process.  The same result was found when the initial order 
of the observations remained fixed, but the process randomly varied the observations’ 
orientations about normal Sun roll1.  Reordering the observations while assuming each 
observation is scheduled at normal Sun roll produced little reduction in the ending stored 
momentum. 

Kinzel (2005B) studied JWST momentum management using a simple Sun roll 
assignment algorithm, 4 mission schedules, and three observatory architectures with their 
associated torque tables.  In addition, the change in the expected momentum profile 
assuming single observation failures was also investigated.  The Sun roll algorithm used 
preexisting schedules generated ignoring momentum management (observations 
scheduled at normal Sun roll), and for each 22 day station-keeping interval of a schedule, 
adjusted the observations’ Sun roll to minimize the accumulated momentum.  The 
mission schedules were created using different sets of observations and slightly different 
scheduling algorithms.  Each schedule represented an increase in the fidelity of the 
observations with respect to them becoming more representative of “real” JWST 
                                                
1 Normal Sun roll is used here as the observatory Sun roll where the sun is in the half plane defined by a 
line through the V1 vector and the –V3 vector at the mid time of the observation. 
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observations.  This enhancement included the specific targets used, the durations of the 
observations, and the inclusion of relative constraints between observations.  Using the 
first torque table and the 4 schedules, it was determined that the mean ending momentum 
for the intervals could be reduced by a factor of 3 using the Sun roll optimization versus 
not using it.  In addition, allowing the Sun roll to be adjusted more than ±2° from normal 
Sun roll did not significantly decrease the ending momentum.  The highest fidelity 
mission schedule was used to investigate the different torque tables.  The latest torque 
table analyzed proved problematic in that it had a 3° Sun roll bias.  That is, zero roll 
torque occurred at 3° Sun roll (the earlier tables had zero roll torque at about 1° Sun roll).  
The Sun roll adjustment algorithm was allowed to extend to ±5° and this allowed the 
mean ending momentum to obtain values slightly less than the 123 Nms unload limit.  In 
addition, histograms of the Sun roll assignments with the earlier tables were roughly 
symmetric with a Gaussian shaped distribution centered on a Sun roll of -1°.  For the later 
table, over 50% of the observations were assigned Sun rolls near ±5° which would 
disallow many of the observations to execute at a time earlier than scheduled.  Thus with 
observation failures, gaps would appear in the executing timeline.  The results indicated a 
Sun roll symmetry requirement may be needed on the solar torque tables.  Also, if 
schedules can be created using a momentum unload limit sufficiently lower than the 
maximum that can be stored in the RWA, this is likely to be an effective strategy for 
preventing unplanned momentum unloads and allows the timeline to be robust against 
single visit failures. 

Petro et al. (2005) using observations from the Science and Operations – Design 
Reference Mission (SODRM, Petro (2005)) created ~year long schedules using a 
modified version of SPIKE.  Three sets of schedules were created: (1) observations 
scheduled ignoring momentum, (2) observations scheduled excluding times when the 
RSS torque T(t), for an observation was above a specified fraction of the maximum 
possible (2 values were used), Tmax, and (3) observations scheduled preferentially at a 
time when a simple preference function, p(t) = (Tmax Ð T(t))/(Tmax Ð Tmin), for each 
observation was minimized.  The total accumulated momentum at the end of the 
schedules for cases 1 and 2 were nearly identical while the accumulated momentum for 
case 3 was less than half of cases 1 and 2. 

Stockman and Long (2005) developed a random walk model for angular momentum 
accumulation and used it to estimate the expected maximum momentum accumulation 
during a typical 22 day interval.  They found the momentum accumulation was 
comparable to the momentum storage capacity assuming 6 active reaction wheels.  They 
concluded that scheduling observations without regard to momentum considerations 
would not work for the failed reaction wheel case and would probably not work using 6 
active reaction wheels.   

Stockman (2005) reviewed earlier momentum management studies and compared their 
results to that predicted by the random walk model.  He found the agreement between the 
models depended strongly on the scheduling algorithms used in the earlier studies; in 
particular biases such as preferentially scheduling an observation at its earliest 
opportunity increased the momentum gain above that predicted by the random walk 
model.  He also defined a dimensionless parameter, P, based upon the random walk 
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model, which attempts to quantify the ability of a particular observatory architecture in 
managing momentum on JWST given a few characteristics such as the RMS torque over 
defined regions of the associated torque table, the RWA storage capacity, the mean 
momentum unload interval, and the mean duration of observations.  He determined, 
given the currently known observatory characteristics that The P value should be less 
than ~ 0.5 to assure “straightforward angular momentum management with minimal 
scientific impact”.  He also recommended requirements that the planning system provide 
a set of targets to the scheduling process that evenly samples the field of regard in any 
22-day period and the scheduling system have the capability of rearranging the order and 
orientations of unconstrained observations during a specified scheduling period (for 
example a station keeping interval) to minimize the use of spacecraft resources. 

Long (2005) created two sets of schedules using two independent sets of software and 
compared the momentum accumulation results with that predicted by the random walk 
model and the “P” factor.  One set of software, planJ, allowed the creation of randomly 
distributed targets (isotropic on the sky, or one with a galactic plane concentration), 
scheduled the observations (if desired), used a torque table that could be scaled by a 
specified factor (to obtain different “P” factors), calculated accumulated momentum, and 
inserted MUs as needed.  The other set of software used SO-DRM observations, a 
JMS/Spike combination to schedule the observations, and planJ to evaluate the 
momentum management using the process and the scaled torque table as before.  Four 
schedules were analyzed that were generated using the modes of scheduling from Petro et 
al. (2005) (see above for a description).  The analysis of the schedules indicated a general 
agreement for the planJ and JMS/SPIKE results and that the P-factor is a useful metric 
for describing the momentum management difficulty level.  However, a P-factor of 0.5 
was not as conservative as suggested by Stockman (2005).  He attributes the lack of 
agreement to possible correlations of the observations and non randomness in scheduling 
algorithms and discusses the different results from the isotropic and galactic target 
distributions and also documents some biasing in the scheduling of observations from 
JMS/SPIKE.  He concludes that angular momentum accumulation will need to be 
considered in the development of scheduling algorithms for JWST if P is in the range of 
0.5 and that it is insufficient to consider a single observation pool (such as the SO-DRM)  
to develop robust scheduling algorithms.  

The Momentum Management Trade Study Final Report, 05-JWST-0402, was produced 
by Northrop Grumman Space Technology (NGST), Space Telescope Science Institute 
(STScI), and Goddard Space Flight Center (GSFC).  It documented the current 
momentum management issues, the current baseline Observatory properties, and the 
method of calculating the torque tables.  It documented the various trade studies; 
exploring momentum acumination options, momentum storage options, and momentum 
unload options.  A variation of parameters of the sunshield was performed and their 
impacts to the torques were determined.  Propellant usage based upon the number and 
types of MUs and the use of yaw thrusters was documented.  It recommended: 

¥ a requirement to limit the momentum accumulation, 
¥ remove the RWA wheel bias to increase their range, 
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¥ And increase the propellant budget to allow a MU in the middle of the station 
keeping interval. 

Two options not recommended were the incorporation of yaw thrusters and tuned 
magnetic dampers. 

Rager and Giuliano (2006) developed a set of experiments using SO-DRM observations 
that could enforce (or not) relative timing constraints between observations and a 
scheduling algorithm that minimized conflicts and gaps, biased towards scheduling early 
and scheduling the observations at normal Sun roll. They demonstrated that creating 
schedules without regard to momentum, algorithms that would preferentially schedule 
observations near times of expected low momentum gain, or scheduling the observations 
when they are first available would not succeed in that many of the station keeping 
intervals had too many MUs.  They demonstrated that implementing a momentum 
resource and keeping the total momentum per time bin below a specified level did 
produce schedules with acceptable numbers of MUs.  Finally, they investigated pairing 
simulated observations (randomly scattered in the FOR) in the same bin such that that 
would balance each other’s momentum gains.  They found to do so; the observations’ 
targets are typically greater than 160° separated on the sky, and the matching occurred 
when both observations were each accumulating their maximum momentum.  This raised 
two issues, first the large slew between targets would decrease observatory efficiency and 
second, if one of the balancing observations failed, the observatory could be left with a 
large momentum gain.  They concluded these issues would need further investigation. 

Giuliano et al. (2007) developed a set of experiments that simulated the planning and 
scheduling process using SO-DRM observations.  Observations were first planned into 
bins each 22 days long that spanned a year of time.  Observations were placed into 
particular bins to balance resources and satisfy observation constraints.  About 20% of 
the total observation pool was not placed into bins and was used as “filler” material 
during the scheduling process.  Starting with the first bin and using observations from 
adjacent bins and the pool, detailed schedules for the bin were created and the best 
schedule for the bin was determined.  Observations scheduled in the bin were removed as 
candidates for the remaining scheduling process.  The remaining bins were then 
scheduled in order.  The observations were scheduled assuming normal Sun roll and after 
the schedules were created, assuming each bin started with zero momentum, the ending 
momentum for each bin was calculated.  A momentum balancing heuristic was developed 
based upon for each bin, summing the expected momentum for the assigned observations 
assuming each observation had been scheduled at the center time of the bin.  The 
heuristic was applied (or not) during the planning process by placing observations into 
each bin that tended to reduce the total momentum sum for the bin.  The heuristic was 
applied (or not) during the scheduling process by preferentially first scheduling the 
observations that tended to reduce the total momentum sum for the bin.  Four planning 
and scheduling cases were examined, no heuristic used, heuristic used only during 
scheduling, heuristic used only during planning, and heuristic used during planning and 
scheduling.  Using the heuristic during planning and scheduling reduced the mean bin 
ending momentum the most (~20%) compared to the “no heuristic used” case.  This 
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small reduction in the accumulated momentum was probably caused by their assumption 
that all the observations were planned and scheduled at normal Sun roll. 

2.2 Momentum Management Working Group Final Report 

The Momentum Management Working Group Final Report, 07-JWST-0210, documents 
the latest analysis of momentum management and architecture changes implemented to 
manage momentum. 

Analysis was performed by Northrop Grumman Space Technology (NGST), Space 
Telescope Science Institute (STScI), and Goddard Space Flight Center’s Flight Dynamics 
Facility (FDF).  Sunshield and spacecraft architecture was analyzed by NGST, with 
variation of key parameters, to develop a set of torque tables to be used for subsequent 
analysis.  Sensitivity analysis demonstrated that Observatory torque was most sensitive to 
the location of the Center of Gravity (CG) [sic].  Momentum storage capability is 
dependent upon the momentum storage capability of individual reaction wheels and the 
number of available reaction wheels.  Thus, much of the analysis was focused on the 
worst case scenarios assuming the Observatory CG was located at extremes of the CG 
uncertainty, and assuming that one reaction wheel had failed reducing the number of 
available reaction wheels to four. 

Meanwhile, STScI modified the SO-DRM proposals (see 07-JWST-0210) to meet current 
operations assumptions about duration as well as observer specified time and orientation 
constraints.  Many schedules were generated from the set of modified SO-DRM 
proposals, using different subsets of observations and different sequencing of those 
observations.  Various approaches to managing the resulting momentum profile were 
analyzed: changing the orientation of observations which did not have orientation 
constraints to minimize momentum at the end of the stationkeeping interval, scheduling 
momentum unloads as needed, and only unloading momentum in the plane perpendicular 
to the sun line when possible (which reduces the time and propellant required for the 
momentum unload). 

Finally, the FDF analyzed the impact of the various momentum unload profiles on the 
stationkeeping maneuver and the total propellant budget. 

As a result of this analysis, a number of changes to Observatory architecture, Flight and 
Ground software, and operations were identified: 

¥ The angle of the +V1 booms will be adjusted by up to ±2° with a shim to balance 
momentum following the Sunshield CDR.  This design replaces an on-orbit 
adjustment of ± 5°, greatly simplifying the Sunshield design and deployment, but 
adding risk that the Observatory CG will differ significantly from estimates at the 
time the shim angle is selected.  To mitigate against this risk, a Sunshield Trim 
Flap has been added to the –V1 booms to further balance momentum.  The Trim 
Flap angle will be selected prior to the last deployment test, based upon the 
estimates of the deployed Observatory CG made from measurement of the stowed 
Observatory CG.  This architecture provides mitigation of the Sun pitch 
component of torque, but not the yaw and Sun roll components. 
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¥ An optimized thruster configuration (the Yaw Thruster configuration) will use the 
four Reaction Control Subsystem (RCS) Monopropellant Rocket Engine 1 lbf 
(MRE-1) thrusters to unload the component of momentum in the plane 
perpendicular to the sun line (the YZ-RLP plane), and four MRE-1 yaw thrusters 
located to provide a pure couple in the yaw axis to unload the component of 
momentum along the sun line (the X-RLP axis).  The use of a yaw couple reduces 
propellant use by up to 10%. 

¥ The reaction wheels will be run through zero, increasing momentum storage 
capacity three-fold to 123 Nms (or 70 Nms with a failed reaction wheel).  This 
allows for 30 Nms of wheel momentum for observatory slewing. 

¥ The momentum unload allocation for an 11 year mission was increased to 
58000 Nms from 14600 Nms. 

¥ Tuned magnetic dampers have been incorporated into the architecture to reduce 
jitter at low RWA speeds. 

¥ The FDF will use a sequential filter instead of a batch processing mode to perform 
orbit determination.  The sequential filter processing is less susceptible to 
perturbations of the orbit caused by momentum unload thruster firings, and allows 
a four-fold increase in the number of momentum unloads to 8 MUs during a 
stationkeeping interval (~21 days).  The minimum separation between MUs has 
also been reduced to 50 hours. 

¥ The FDF has also indicated that the requirements pertaining to stationkeeping 
have changed.  The final Momentum Unload in a stationkeeping interval should 
be more than 50 hours from the stationkeeping activity, while the first Momentum 
Unload in a stationkeeping interval can be any time after the stationkeeping 
activity.  The stationkeeping activity is performed under thruster attitude control 
and will impart a residual momentum of indeterminate direction.  Thus, following 
a stationkeeping activity, the PPS will reduce the allowed maximum momentum 
accumulation by a fixed amount. 

¥ The Spacecraft will provide the current momentum vector in telemetry to the 
ISIM on-board scripts for monitoring during Observation Plan execution.   

¥ The Spacecraft will accept a command to perform a Full Momentum Unload to a 
specified momentum state vector.  For a Full MU, the commanded final 
momentum state vector is nominally zero, but can also be non-zero.  A non-zero 
final momentum state vector is specified in a scheduled MU to balance the 
expected accumulation of a very long Observation.  The Full MU (with zero or 
non-zero final Momentum state) will require two attitudes with a 45 degree slew 
in between.  The spacecraft will determine and execute slews to each of the 
required attitudes and unload momentum at each attitude. 

¥ The Spacecraft will accept a command to perform a Partial Momentum Unload, in 
which the YZ-RLP components of the stored momentum are unloaded to zero.  
This momentum unload will require only one attitude as determined by the 
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Spacecraft flight software.  The spacecraft will execute a slew to the required 
attitude and unload momentum. 

¥ The Spacecraft flight software will calculate the optimal attitude(s) (as described 
in 07-JWST-0210) to unload momentum based upon the current momentum 
vector and the type of MU requested.  The first attitude aligns the V2 axis with 
the YZ-RLP component of the momentum vector, with a Sun pitch angle of 45 
degrees.  The Pitch thrusters are used to unload this component of the stored 
momentum.  The second attitude, if needed, is then a 45 degree slew to align the –
V3 axis with the Sun and the Yaw thrusters are used to unload the remaining 
momentum, which is along the Sun line. 

¥ The S&OC PPS will use momentum as a planning preference, to avoid planning 
observations at attitudes that accumulate the most momentum.  The PPS will also 
use momentum unload frequency as a scheduling metric; to generate schedules 
with fewer momentum unloads.  The scheduling process sets the Sun roll 
orientation for all observations, and will adjust Sun roll orientation for each 
observation that has Sun roll flexibility in order to further reduce the number of 
momentum unloads required.  The PPS will schedule planned momentum unloads 
between the science and calibration visits, and adjust visit windows so that the 
planned momentum unloads are valid in the event of a single visit failure. 

¥ The S&OC PPS will automatically schedule Partial Momentum Unloads where 
feasible (8.1.2), and will automatically schedule Full Momentum Unloads with 
zero final momentum state otherwise.  Scheduling of Biased Momentum Unload 
Activities  (a Full MU with a non-zero final momentum state command) will be 
done manually to reduce the number of momentum unloads scheduled during a 
stationkeeping interval, primarily to avoid interruption of a very long observation 
for momentum unloads.  The Observatory is required to be able to observe at a 
single attitude for at least 10 days, and, without a preload momentum unload, 
several momentum unloads could be required during that amount of time. 

¥ The On-board Scripts will request momentum unloads as specified in the 
Observation Plan: a Full MU Command, or a Partial MU Command. 

Subsequent to the drafting of the MMWG Final Report, the concept of On-board Scripts 
monitoring momentum and autonomously requesting momentum unloads was developed, 
and is documented further in this Technical Report. 

2.3 Current Status 

2.3.1 Flight to Ground Requirements 

The following requirements are currently pending in RTC OBSR-310 (ECR 0126): 
¥ The Ground Segment shall develop, manage, and execute observing plan to 

unload 58000 Nms momentum over the 11 year operations. [FG-2311] 

¥ The Ground Segment observing plan shall require no more than eight momentum 
unloads within a 21-day period.  [FG-2309] 
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¥ The Ground Segment observing plan shall schedule any two momentum unloads 
with at least 50 hrs separation.  [FG-2310] 

2.3.2 Momentum Management Related PPS Requirements 
The above listed Flight to Ground requirements have corresponding PPS requirements 
that will be updated after the higher level requirements are updated. 
 

¥ The VSS shall manage the attitude of the Observatory to limit the total amount of 
RWA angular momentum unloaded to 14,600 N-m-sec (TBR) over an 11-year 
mission. [PPS-822] 

¥ The VSS shall treat as a scheduling constraint violation the scheduling of more 
than two momentum unload visits within the 22-day period prior to any SK visit. 
[PPS-756] 

¥ The PPS shall treat as a scheduling constraint violation the scheduling of a 
momentum unload visit within four days of the previous momentum unload 
activity. [PPS-749] 

 
The following PPS requirements currently apply and do not need to be changed: 

¥ The VPS shall use a momentum resource as a planning preference. [PPS-1342] 
¥ The VSS shall treat as a scheduling constraint violation any situation in which the 

estimated RWA angular momentum exceeds the maximum allowable at any time 
during an STS timeline, based on constraints and restrictions parameters from the 
Project Reference Database. [PPS-461] 

¥ The VSS shall treat as a scheduling constraint violation any situation in which the 
estimated RWA angular momentum at the start of an SK visit exceeds a 
configurable maximum allowable in that situation, based on PPS operations data. 
[PPS-785] 

¥ The VSS shall treat as a scheduling constraint violation any situation which 
would cause momentum limits to be violated due to a single visit failure within a 
configurable interval after the failure, based on PPS operations data (TBD). 
[PPS-463] 

¥ The VSS shall accept requests to generate multiple alternative schedules for an 
STS using the automated scheduling function with different Planner-designated 
schedule quality metrics, and select one as the STS timeline for future use. [PPS-
418]  

¥ The VSS shall accept Planner requests to report estimated RWA angular 
momentum after each prime visit scheduled on an STS timeline. [PPS-1829] 

¥ The VSS automated scheduling function shall schedule momentum unload visits 
as needed to keep RWA angular momentum within allowable limits as defined 
under Manage Scheduling Constraints. [PPS-492] 
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2.3.3 Scheduling Results Versus the Requirements 

L ine 
#

To rque 
Table

CGy 
Offset 
[mm ]

Nms / 
22 days

Nms / 
11 yrs Min Max Mean 1 2 3 4 5 6 7 8 9 10

# 
Full 
MU

# YZ 
MU

1 nominal 10.16 1855.47 17.90 135.1 56.74 105 2 0 0 0 0 0 0 0 0 23 86

2 non-nominal 30 206.10 37639.01 0.72 26.5 6.28 18 64 76 79 52 19 16 11 0 0 983 281

3 non-nominal 40 217.95 39803.12 0.57 23.5 5.98 8 62 58 89 50 26 19 13 2 0 1058 265

4 non-nominal 50 231.13 42210.12 0.51 23.0 5.64 0 55 69 67 66 40 14 15 5 0 1158 260

5 non-nominal 60 247.42 45185.08 0.56 21.6 5.31 0 51 64 69 71 44 19 18 3 1 1238 265

6 non-nominal 75 273.37 49924.20 0.51 18.5 4.83 0 25 66 52 79 51 32 19 12 2 1369 292

Momentum Unloaded MU Interval [Days]
Num ber of  SK intervals containing 

this number of  Mus

 
Table 2.3-1 The MU statistics for  the nominal and non-nominal torque tables. 

The momentum unload statistics presented for the second Pass analysis in 07-JWST-0210 
has been condensed in Table 2.3-1 to present the momentum management statistics for 
the scheduling studies for the nominal and non-nominal torque tables using Sun roll 
optimization, allowing the scheduling of partial MUs, and assuming one reaction wheel is 
failed implying a maximum allowed stored momentum limit of 70Nms. 

Several items are of note.  Line 6 presents the data assuming the worst case torque table 
generated assuming the CG and other parameters were placed at the 1σ corners of their 
uncertainty boxes.  The simulation indicates an expected momentum unload of 
49925 Nms over the mission life time of 11 years.  This value is 14% below the 
requirement of 58000 Nms.  About 4% of the station keeping intervals contained more 
than 8 MUs.  In addition, all of the non-nominal torque table simulations had at least one 
pair of MUs that were closer than the 50 hour requirement.  However, the schedules were 
first created without momentum taken into consideration and the Sun rolls were 
optimized automatically.  Even with these few violations, the manual adjustment of the 
problem schedules would probably allow the violations to be fixed or the violations 
would not have occurred if momentum accumulation had been considered during 
generation of the initial schedules. 

The momentum statistics assuming a nominal torque table are presented in line 1.  Again, 
there are several items of note.  The amount of momentum unloaded is about a factor of 
27 smaller than that needed for the worst case torque table.  In addition, about 70% of the 
station keeping intervals did not require a MU.  Finally, of the existing MUs, all were 
separated at least 17 days from another MU and about 80% were of the shorter duration 
YZ-RLP type. 

It is expected that the post-launch torque table properties will fall somewhere between the 
nominal torque table and the worst case torque table.  Thus, it is expected the planning 
and scheduling process should be able to manage the momentum accumulation on JWST 
while meeting the relevant requirements even with a failed reaction wheel.  In addition, 
the probability is low that all the key Observatory and sunshield parameters would 
randomly obtain values that produce the worst case torque table. 

2.3.4 Worst Case Torque Table Versus the Requirements 

Figure 2-1 shows the RSS torque of the worst torque table analyzed in the second Pass of 
07-JWST-0210.  The torques have been scaled to units of Nms/50 hours, and color coded 



JWST-STScI-001275 
SM-12 

 
Check with the JWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PLMServlet 

To verify that this is the current version. 
 

 - 11 - 

for ranges of 10 Nms from a minimum of 30-40 Nms/50 hours to a maximum of 70-80 
Nms.  This allows a simple analysis of the requirement for 50 hours between MUs; there 
are no attitudes where more than 80 Nms will accumulate in 50 hours.   With all reaction 
wheels available, the momentum storage limit is 123 Nms, and the 50 hour limit cannot 
be violated.  If one reaction wheel fails, the momentum storage limit is 70 Nms.  In this 
case, extended observing at attitudes that result in Sun pitch of around -5 degrees and Sun 
roll above -3 degrees could result in momentum unloads more frequent than 50 hours.  
This is a relatively small percentage of allowed attitudes, and the planning and scheduling 
system will avoid this when possible.  If needed, momentum can be biased prior to 
observing at these attitudes, a technique which can nearly double the available 
momentum storage capacity.  
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Figure 2-1 Worst Case Torque Table [RSS Nms/50 hours]. 

3.0 Torque Table Development and Maintenance 

3.1 Pre-launch Torque Tables 

NGST will continue to provide updated torque tables for use in planning and 
requirements verification prior to on-orbit calibration of the sunshield.  The torque tables 
will allow prediction of the torques for all operational science attitudes (-45.0° ≤ Sun 
pitch ≤ 5.2°) and (-5.2°≤ Sun roll ≤ 5.2°) using interpolation between the provided table 
points.  The torque tables will be generated assuming nominal Observatory parameters 
and assuming non-nominal Observatory parameters over a range of assumed CG offsets. 

Prior to Sunshield CDR (now June, 2009), an updated mass properties will provide an 
estimate of the Observatory CG which will be used to set the angle of the +V1 booms on 
the Sunshield.  NGST will produce torque tables which accounts for the updated 
uncertainty in the Observatory CG. 

Around May 2012, NGST will measure the un-deployed Observatory CG and update the 
predicted mass properties of the undeployed observatory, from which NGST will 
estimate the deployed Observatory CG.  NGST will set the trim flap angle around August 
2012, and will produce a torque table which accounts for the remaining uncertainty in the 
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Observatory CG.  The final Observatory deployment test will begin in December 2012 or 
January 2013. 

The S&OC will use the extreme non-nominal prelaunch versions of the torque tables for 
requirements verification, as was done in 07-JWST-0210.  The S&OC will use a nominal 
prelaunch versions of the torque tables and assuming one failed reaction wheel, for 
ground testing, product generation, planning and scheduling staff training, and initial 
Long Range Plan generation. 

3.2 Post-launch Torque Table Creation 

NGST is responsible for generation of the first post-launch torque table for JWST. 

During Commissioning, there will be a planned activity that schedules various 
observatory attitudes to measure the solar radiation pressure induced torques and to 
generate a post-launch torque table. 

The torques should be adequately sampled using 8 Sun pitch angles with a 7.1° spacing 
(i.e. 5.2°, -2.1°, -9.2°, -16.3°, -23.4°, -30.5°, -37.6°, -45.0°) and at each Sun pitch value 
sampling 4 Sun roll angles ( ± 5.2° and ± 1°) for a total of 32 different attitudes.  About 
15 minutes (TBR) at each fixed attitude should provide a sufficient change in the stored 
momentum to provide an accurate torque measurement.  The 5° slew between each of the 
attitudes requires an additional 10 minutes (TBR) for a total of 25 minutes per 
measurement.  Thus the total duration of the sunshield torque calibration activity will be 
less than 14 hours (TBR). 

STScI will develop tools, used by the S&OC operations staff, to create post-
commissioning torque tables from observation data.  NGST developed tools may be used 
as a basis for developing these tools. 

3.3 Torque Table Maintenance 

After the delivery of the first post-launch torque table, S&OC personnel will assume 
responsibility for monitoring the accuracy and maintenance of the torque table.  Over 
time the torque table will change as the properties of the sunshield change and the CG 
moves due to propellant consumption. 

The measured torques will be compared to the torque table predictions and the 
differences will be monitored as part of the observatory trending.  If a significant 
difference is detected the torque table will be updated.  To perform the update, a 
commissioning like calibration activity may be required.  However, if the torque 
measurements obtained during normal operations sufficiently sample the Observatory 
Sun roll and Sun pitch space, they may allow a reduction of or the elimination of a 
specific calibration activity. 

4.0 Commissioning 

4.1 Solar Torque Calibration  

The Solar Torque Calibration activity should be performed between Launch + 13 days 
and Launch + 30 days.   
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The Sunshield Torque Calibration activity should be done after the Sunshield is deployed 
and after the ISIM temperature has reached 140 K to avoid outgassing torque from 
impacting the calibration.  The Sunshield is deployed at Launch + 3 days, the ISIM 
temperature is estimated to reach 140 K at Launch + 13 days. 

A calibrated Sunshield Torque Table should be available prior to the WFS&C activities 
so that the S&OC can accurately schedule momentum unloading activities for these 
observations.  It is estimated that the NIRCam will reach 60 K at Launch + 30 days, 
which is when the first set of Wavefront Sensing & Control (WFS&C) activities (Phase 1 
Segment Imaging) are planned to begin.  The second set of WFS&C activities (Phase 2 
Global Alignment) are planned to begin at Launch + 41 days, when the NIRCam will 
reach 40 K and the FGS will reach 60 K. 

NGST (TBR) will submit a Commissioning Activity Request (CAR) for the Solar Torque 
Calibration to be executed after initial ISIM cool down and prior to the start of the 
WFS&C activities, with sufficient time (~ week) to analyze the data, generate a 
calibrated Sunshield Torque Table, incorporate that table into the PPS, and regenerate the 
initial commissioning schedules.  

4.2 Momentum Management Dur ing Commissioning 

When an Observation Plan (OP) is not being executed, the Flight Operations Team (FOT) 
is responsible for momentum management. 

Currently, at least for most of the cool down phase, the observatory is expected to be in 
Sun Point Mode.  In Sun Point Mode, the observatory maintains the sun at a fixed 
position with an induced roll about the sun line to minimize momentum accumulation 
rates. Otherwise, the S&OC may need to reduce the stored momentum using selected 
Observatory attitudes in order to avoid executing too many Momentum Unloads.  The 
PPS will provide tools that assist in the selection of targets or specification of attitudes 
that reduce stored momentum.  Observations will be constructed and scheduled manually 
as needed or the FOT will command the desired attitude directly. This approach will be 
refined as the commissioning timeline is approved and the Sun Point Mode and rate 
details are better understood. 

Once WFS&C activities have started, most activities will be planned and executed via 
OPs using the PPS and the ISIM On-board Scripts, and PPS momentum management 
capabilities will be used to manage momentum while the OP is executing.  If there are 
later gaps between the execution of Observation Plans, the Observatory may be placed in 
Sun Point Mode by Ground command. 

Between the time from the second Mid-Course Correction maneuver (Launch + 30 days) 
to the first stationkeeping maneuver (Launch + 100 days) the number of momentum 
unloads will be limited (nominally to no more than eight per 21 day interval as for normal 
operations) to avoid impact to the Delta-V propellant budget.  Subsequent stationkeeping 
maneuvers will be planned for the normal 21 day spacing. 
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5.0 The Planning and Scheduling Process 

5.1 Visit Planning2 

The Visit Planning System (VPS) is responsible for the assignment of a Plan Window to 
each visit.  The Plan Window defines an interval, or intervals of time during the year 
when the visit may be scheduled and executed.  The Plan Window assignment is based 
upon individual visit considerations such as the specific target used, the number of Guide 
Stars available, and Observer specified constraints and global considerations such as 
resource usage that is dependent upon the planning of other visits.  For example, an 
observatory utilization resource uses the sum of the expected duration of the observations 
planned in an interval to determine if the interval is full. 

Planning techniques incorporating momentum management have been investigated 
(Giuliano et al. 2007, summarized in section 1).  For JWST, defining a momentum 
resource will allow its use as a planning heuristic.  For example, the VPS could actively 
plan visits such that the sum of the expected accumulated momentum for the visits 
planned in an interval is less than some specified value.  This will insure that during the 
scheduling process the available visits will allow scheduling techniques to effectively 
manage the momentum. 

Perhaps more importantly, the use of a momentum resource will also allow the 
identification of problem areas of the plan.  That is, times where multiple observations 
produce a large amount of accumulated momentum.  This will typically occur when 
observations from different programs are observing the same area of sky and the 
observations are constrained to execute in nearly identical time intervals.  Resolution of 
the problem may require modification of some of the observations.  Thus it is important 
for the problem to be identified early in the planning and scheduling process. 

5.2 Schedule Creation 

The Visit Scheduling System (VSS) is responsible for the generation of the detailed 
timelines that are used to create the Observation Plan.  For a new schedule, the starting 
boundary conditions (starting attitude, expected momentum state, etc.) are defined and 
the visits to schedule are identified.  During normal operations, these are the unscheduled 
visits whose Plan Windows intersect the time interval of interest.  The VSS establishes 
the order in which visits are to be executed, assigns visit orientation subject to any 
Observer specified orientation constraints or for guide star availability, and assigns an 
Observation Plan window to each Visit to satisfy timing constraints.  The Observation 
Plan window will ensure that all scheduling constraints will be satisfied when the Visit is 
executed, including Observatory Field of Regard (FOR), proposer specified absolute time 
constraints, relative timing constraints imposed by specified timing or orientation links, 
and real-time communications contact requirements.  In this role the VSS is primarily 
responsible for performing momentum management by keeping the expected on board 
stored momentum below a configured value.  This is accomplished by three methods: the 
use of scheduling techniques to minimize the accumulated stored momentum, the 

                                                
2 In this report we are using the terms visit and observation interchangeably, that is a set of exposures of a 
target that are treated as a unit by the planning and schedule system. 
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scheduling of Momentum Unload (MU) Visits when needed, and the adjustment of 
Observation Plan windows to ensure that accumulated momentum will not trigger an 
Autonomous Momentum Unload in the event of a single visit failure. 

Kinzel (2005) showed that the rate of stored momentum accumulation could be 
significantly reduced by rearranging the scheduled visit order for fixed orientation visits 
or adjusting the orientation of visits with no orientation restrictions.  The use of the Sun 
roll adjustment of scheduled visits to minimize momentum accumulation has been well 
studied and is documented in 07-JWST-0210.  This study showed that just using Sun roll 
optimization on prebuilt schedules would allow the relevant momentum management 
requirements to be met even using the worst case torque table.  This implies the more 
robust concept presented here should also meet the requirements.  This study also showed 
the benefits to efficiency and propellant use gained by scheduling Partial Momentum 
Unloads instead of Full Momentum Unloads when the X-RLP component of the 
predicted momentum was below a threshold.  The following figure shows how the 
number of momentum unloads is reduced by adjusting Sun roll, and shows how many 
Partial Momentum Unloads could be scheduled. 

 
Figure 5-1 Compar ison of MUs for  optimized and unoptimzed schedules as a function of CG offset 

from nominal. 

The current scheduling concept is that the VSS will create multiple schedules for the 
same time interval using the identical visit pool and starting boundary conditions.  The 
visit order for each of the schedules is different.  The different visit sequences can be 
created by using different weights for the scheduling preferences or with the use of a 
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stochastic component in the scheduling algorithm.  During visit scheduling, the visit 
orientations are assigned using an algorithm to minimize the accumulated momentum.  
As needed, MU Visits are added to the schedule between the science visits, for example: 
a MU visit could be scheduled if the expected accumulated momentum at the end of the 
first science visit is greater than some specified limit.  The specified limit could be 
different for different executions of the scheduling process and could be one of the 
parameters used to create different visit orders in the schedules.  The VSS will schedule 
science and MU visits to ensure that the following constraints are satisfied: 

¥ maximum momentum accumulation, 

¥ minimum spacing between momentum unloads, 
¥ maximum number of momentum unloads between stationkeeping intervals, 

¥ minimum spacing between a momentum unload and a stationkeeping activity, and 
¥ reduced momentum accumulation allowed following a stationkeeping activity. 

The scheduling process will analyze possible momentum profile changes based upon 
assumed single visit failures in each created schedule and report possible problems.  If 
needed, the assigned OP windows for particular visits will be restricted to allow for visit 
failures and to minimize observatory idle time due to an Autonomous MU.  The 
schedules will be completely processed including Guide Star and Reference Star 
selection for each visit and the assignment of Observation Plan windows before the 
schedules are evaluated. 

From the set of generated schedules, the best schedule will be selected based upon 
criteria such as, which visits are scheduled (or not scheduled), the number and type of 
momentum unloads, idle time, and the schedule’s robustness to failure.  The selected 
schedule will typically have MUs that are scheduled no closer than 50 hours to allow the 
sequential filter orbit determination algorithm to converge. 

The VSS will also provide the ability to manually schedule a MU visit if desired.  This 
capability could be used for example to force a MU before a series of to be scheduled 
visits where it is desired not to interrupt the visit sequence by an automatically scheduled 
MU visit. 

5.3 S& OC Response to Schedule Change 

Event driven operations allows the scheduled timeline to change during execution.  
Perturbation to the planned momentum profile will primarily be caused by Guide Star 
Acquisition failures and SI safings.  Most of the time, changes to the scheduled timeline 
will cause a larger than predicted level of the stored momentum. 

A Guide Star Acquisition failure typically causes one visit to fail; possibly more visits 
will fail if the same target and Guide Stars were used.  We expect roughly one Guide Star 
Acquisition failure a week (Markley 2007).  Depending upon the specific schedule and 
when the safing occurs, an SI safing could fail up to a week’s worth of observations.  We 
expect less than one SI safing per year, based upon an estimate of two safings per year for 
the Observatory (Markley 2007). 
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The execution activities and the current momentum state vector will be down-linked 
during the roughly daily communication contacts.  The execution status and execution 
times of the visits will be recorded in the PPS baselined timeline.  The pending visit 
expected execution times and momentum profile in the PPS baseline will be updated.  As 
part of the update process, the PPS will identify possible momentum management issues.  
As needed (roughly weekly) the pending baseline schedule will be modified to correct or 
prevent these issues and the modified schedule will be uplinked to JWST.  Occasionally 
the response to execution reality or an SI safing response may require a short turnaround 
(roughly the by next scheduled contact) to adjust the schedule. 
6.0 Observatory Trending 

The Observatory Momentum State and RWA wheel speeds will be included in the 
recorded engineering telemetry provided to the Ground Segment.  The Flight Operations 
Subsystem will provide tools for an S&OC Observatory Engineer to compare the 
measured torque extracted from the engineering telemetry to that predicted by the post-
launch torque table.  The tools will also allow tracking of the amount of momentum 
unloaded and the amount of propellant used during the MUs and station keeping 
activities. 

7.0 Momentum Unload Command and Telemetry 

7.1 Spacecraft Lo-Rate Event Telemetry 

The Spacecraft provides Lo-Rate Event Telemetry to the ISIM at a frequency of one 
packet every 1.024 seconds. 

7.1.1 Current Observatory Momentum State 

The Spacecraft will provide in low rate telemetry to the ISIM the current Observatory 
momentum state as a unit vector and a magnitude.  The unit vector is defined to be in ECI 
coordinates, and the magnitude is defined to be in Nms.   

This telemetry will be used by On-board Scripts to monitor momentum and determine 
whether a momentum unload is needed.  The On-board Scripts will request a momentum 
unload if the momentum magnitude exceeds an operational limit. 

Prior to executing a Visit, the On-board Scripts will use information in the Visit File to 
compute a momentum vector which corresponds to the momentum accumulated during 
the visit, and will add that vector to the current momentum state vector.  If the magnitude 
of the predicted momentum vector exceeds the operational limit, the On-board Scripts 
will request an Autonomous Momentum Unload using the Spacecraft Momentum Unload 
command.  

The Current Observatory Momentum State provided to the ISIM will also be downlinked 
to the Ground Segment in real-time telemetry for monitoring during real-time operations. 

NOTE: The momentum state vector is currently provided as a unit vector and magnitude.  
Since the On-board Scripts do not need a unit vector, we recommend that the current 
momentum state vector and corresponding magnitude be provided instead. 
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7.1.2 Observatory Momentum Unload Status 

The Spacecraft will provide in low rate telemetry the Observatory Momentum Unload 
Status, which is the Spacecraft response to an Observatory Momentum Unload Request 
from the ISIM On-board Scripts.  This status will indicate whether the Observatory is 
executing a momentum unload request (including slews to the momentum unload 
attitude), the momentum unload request has completed, or the momentum unload request 
was rejected. 

This status telemetry will indicate that the Observatory is unloading momentum from at 
most 1.024 seconds after a valid Momentum Unload Request has been received by the 
Spacecraft (from ISIM or Ground), to after all activities required by the Momentum 
Unload Request have completed and the Spacecraft is ready to accept a Slew Request for 
the next Visit from the On-Board Scripts through the ISIM. 

The Observatory Momentum Unload Status will also be downlinked to the Ground 
Segment in real-time telemetry for monitoring of Ground-requested Momentum Unload 
Requests. 

7.2 ISIM to Spacecraft Commands 

The ISIM can send momentum unload commands to the Spacecraft from the On-board 
Scripts as needed to perform functions necessary for operation of the Observatory. 

7.2.1 Full Momentum Unload Command 

The Spacecraft will accept a Full Momentum Unload Command for the ISIM On-board 
Scripts to request a Full Momentum Unload.  This command allows specification of a 
final momentum state as a direction unit vector and a magnitude. The direction vector is 
defined to be in ECI coordinates, and the magnitude is defined to be in Nms.  

The On-board Scripts will request a Full Momentum Unload Command to Zero State in 
response to a Normal Momentum Unload Activity contained within the Visit File of a 
Momentum Unload Visit. 

For a Biased Momentum Unload Activity, the On-board Scripts will request a Full 
Momentum Unload Command to Biased State.  The Momentum Unload Activity will 
specify a non-zero magnitude and a direction unit vector which define the final 
momentum state to be achieved at the end of the Momentum Unload. 

In response to the Momentum Unload Command, the Spacecraft will set the Momentum 
Unload Status telemetry to indicate that the momentum unload is executing.  The 
Spacecraft will decompose the momentum state vector into components in the YZ-RLP 
plane and in the X-RLP direction and determine the attitudes required to unload 
momentum for each component.  The Spacecraft will slew to each attitude, and unload 
momentum with the appropriate MRE-1 thrusters.  At the end of the last momentum 
unload, the Spacecraft will set the Momentum Unload Status telemetry to indicate that 
the momentum unload is completed. 
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7.2.2 Partial Momentum Unload Command 

The Spacecraft will accept an Partial Momentum Unload Command for the ISIM On-
board Scripts to request a Momentum Unload of only the YZ-RLP component of the 
current momentum state.  This command will only be sent as a Planned Momentum 
Unload in response to the Partial Momentum Unload Activity in the Observation Plan.  
The On-board Scripts will not send this command if executing Autonomous Momentum 
Unloads. 

The Spacecraft will compute and unload only the YZ-RLP component of the current 
momentum state.  In response to the Partial Momentum Unload Command, the 
Spacecraft will set the Momentum Unload Status telemetry as in response to the 
Momentum Unload Command. 

8.0 Momentum Unload Initiation 

Momentum Unloads are initiated four ways: Planned, Autonomous, Contingency, and 
Real-Time.  Planned MUs are determined by the S&OC PPS and commanded by the On-
board Scripts, Autonomous MUs are determined and commanded by the On-board 
Scripts, Contingency MUs are performed by the ACS, and Real-Time MUs are 
commanded by the ground.  How momentum unloads are initiated is summarized in 
Table 7.2-1 and further described in the following sections. 

Type Command Used How Initiated 

Normal Full MU Command to Zero 
State 

PPS Automatically Scheduled 

Biased Full MU Command to Biased 
State 

PPS Manually Scheduled 

Partial Partial MU Command PPS Automatically Scheduled 

Autonomous Full MU Command to Zero 
State 

OSS Automatically Requested 

Contingency not commanded ACS Automatically Executed 

Ground Commanded Full or Partial MU Command Requested Manually by FOS 

Table 7.2-1 Types of Momentum Unloads 

 
8.1 Planned Momentum Unloads 

Momentum Unload Visits are scheduled by PPS and placed in the Observation Plan.  The 
Visit file passed to the On-board Scripts contains a Momentum Unload Activity, which 
will indicate whether the Activity is a Normal, Partial, or Biased. 
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8.1.1 Normal MUs 

The Normal Momentum Unload sets the stored momentum to zero and is automatically 
scheduled by PPS if the expected stored momentum magnitude is above a specified level. 

8.1.2 Partial MU (YZ_RLP) 

The Partial Momentum Unload only unloads the stored momentum components in the Y 
and Z directions in the Rotating Libration Point coordinate frame.  It is scheduled if an 
MU is needed and the X component is below a specified threshold. 

8.1.3 Biased MU 

The Biased Momentum Unload sets the onboard stored momentum to a vector specified 
in the ECI frame.  A Biased MU is scheduled in anticipation an upcoming large stored 
momentum change caused by a series of scheduled visits.  The use of a Biased MU 
allows roughly a doubling of time between required MUs.  Biased MUs will typically be 
restricted in time to execute close to the visits that require the Biased MU (as controlled 
by the Observation Plan windows for the MU Visit and subsequent visits). 

The Observatory is required to support a minimum of a 10 day observation at a fixed 
attitude.  The MU duration is estimated to be 3 hours and 45 minutes in the efficiency 
budget (Mitchell 2007).  This estimate does not include the slew back from the 
momentum unload attitude, which could add another 90 minutes, for a total of 4.5 hours.  
For a target at an ecliptic pole, JWST can maintain the same attitude for about 10.2 days.  
This would allow one momentum unload in the middle of the observation while still 
obtaining 10 days on target.  Based upon analysis of the worst case torque table, the use 
of Biased MUs would ensure that no more than 2 momentum unloads (one at the start, 
one in the middle) would be required during a 10 day observation. 

Since the Biased MU is intended to handle special scheduling cases, it will be 
implemented as part of a manual process.  Biased MUs can be scheduled manually, and 
PPS software will calculate the desired momentum state vector to maximize the time 
between Momentum Unloads.  The magnitude of the momentum for the desired state 
vector can be specified, but will default to the operational threshold used for scheduling. 

8.2 Autonomous MU 

The Autonomous Momentum Unload is an unload that was not scheduled in the OP, but 
needs to be executed on-board.  It is initiated by the On-board Scripts between visits.  
The ACS provides the current momentum state vector specified in the ECI frame to the 
On-board Scripts.   If there is an execution gap between the end of one visit’s activities 
and the start of the slew to the next visit, the On-board Scripts will periodically monitor 
the RWA stored momentum during this period. If the current momentum magnitude is 
larger than a configured threshold, the On-board Scripts will request a Full Momentum 
Unload immediately to avoid exceeding the wheel capacity during the wait period.  Once 
the next visit’s earliest start time is reached, the slew to that visit’s target will be 
requested. 

Following the completion of a visit and prior to requesting the slew to the next visit’s 
target, the On-board Scripts will determine whether the stored momentum would exceed 
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the operational threshold during the visit, and if that is the case the On-board Scripts will 
request a Full Momentum Unload prior to the slew.  This is done to allow for changes to 
the Observation Plan that were not accounted for by scheduling, and to ensure that the 
ACS will not determine that a Contingency Momentum Unload is required during the 
visit, which would result in the safing of the Observatory. 

The On-board Scripts will predict the momentum accumulation vector for the next visit 
by performing a linear interpolation between two momentum accumulation vectors for 
the visit defined at the OP Earliest Start and OP Latest Start times.  The On-board Scripts 
will then add the predicted momentum accumulation vector to the current momentum 
state vector (provided by ACS) to obtain the predicted momentum state vector at the end 
of the visit, and compute the predicted momentum magnitude.  If the predicted 
momentum magnitude is larger than the operational threshold, the On-board Scripts will 
request a Full Momentum Unload.  Once the momentum unload is complete, the On-
board Scripts will then process the next visit. 

The On-board Scripts will not execute an Autonomous Momentum Unload more 
frequently than allowed by a configurable time (nominally around 50 hours).  This will 
preserve the accuracy of orbit determination, and ensure that the ACS can detect and 
respond to an anomaly that results in rapid accumulation of momentum without 
interference by the On-board Scripts repeatedly requesting an Autonomous Momentum 
Unload.  

8.3 Contingency Momentum Unload 

The Attitude Control System (ACS) provides an on board monitor that detects if the 
system momentum has exceeded a preconfigured limit.  A limit violation triggers a 
process that immediately stops the Observation Plan processing, the Observatory is 
placed into safemode, the observatory slews to a sun-point attitude, and a Contingency 
Momentum Unload is executed.  

This scenario is highly undesirable from a science operations viewpoint for several 
reasons. The detection, analysis, and recovery from safemode requires ground 
intervention and may cause a two or three day gap in the science activities until the 
observatory is back online.  The Contingency MU occurs at non-optimal attitudes that 
cause larger than normal orbit perturbations.  These larger perturbations then imply larger 
than normal propellant usage for the following stationkeeping maneuver. 

8.4 Ground Commanded Momentum Unload 

The Flight Operations Subsystem will provide the ability to invoke the ACS MU 
commands either directly or as part of a ground script.  This capability will be needed 
when the On-board Scripts are disabled or not running such as during parts of 
commissioning or when the ISIM is in safemode. 

8.5 Momentum Unload Interactions 

Once the On-board Scripts have executed an Autonomous MU, they will skip a Planned 
MU if the Planned MU is within 50 hours of the execution of the Autonomous MU, 
unless the Planned MU is required (e.g. if the Planned MU is a Biased MU). 
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The On-board Scripts will continue to execute Autonomous or Planned MUs, or skip 
Planned MUs as needed until ground interaction updates the Observation Plan. To ensure 
that the Observation Plan is synchronized with the current momentum state, it will be 
possible to indicate that a Planned MU must be executed.  In that case, the On-board 
Scripts will execute the Planned MU even if an Autonomous MU was executed within 
the last 50 hours.  

There are very few attitudes where momentum can accumulate to the maximum allowed 
within 50 hours, and only in the event that a reaction wheel has failed. Most attitudes will 
take substantially longer to accumulate the maximum momentum allowed.  Thus, even 
when the On-board Scripts must execute Autonomous MUs, they will be spaced more 
than 50 hours apart and will not impact orbit determination.  In addition, the S&OC 
operations staff can determine where to place a required Planned MU in a revised 
Observation Plan to avoid a separation between the last Autonomous MU and an 
upcoming Planned MU of less than 50 hours.  The On-board Scripts will then resume 
executing the Planned MUs on the Observation Plan with minimal or no impact to orbit 
determination. 

9.0 Post-launch Torque Table Contingency 

After launch, the first post-launch torque table may be significantly worse than that 
predicted from pre-launch analysis.  This section briefly describes the contingency 
actions that could be taken and the possible impacts to operations. 

Over the short term (~weeks) the Sun pitch and Sun roll ranges could be restricted to 
avoid regions of high torque.  In addition, each Visit’s start time range could be restricted 
to avoid significant changes to the momentum profile with visit failure.  If this is done, 
even with Guide Star Acquisition failures the original plan momentum profile is 
maintained.  This mitigation against the occurrence of an Autonomous MU is obtained 
with the cost of decreased observatory efficiency as the Observatory remains at the failed 
Visit’s attitude until the planned start of the next Visit.  These contingency actions are 
maintained while the problem with the torque table is analyzed and, if possible, a more 
robust operational solution is found. 

With a decrease in the FOR coverage or a shortening of the expected time between 
required MUs, some observations would become infeasible.  This could require 
Observers to select new targets, if available.  Otherwise, this could require the SO&C to 
perform a supplemental Call for Proposals in order to obtain observations that can be 
scheduled.  

Planning and scheduling metrics for momentum management can be given higher 
priority, resulting in long-range plans and short-term schedules that sequence 
observations in order to balance momentum.  If suitable science targets are not available, 
special engineering visits can be constructed with attitudes calculated to balance 
momentum accumulation of science visits.  These approaches will  reduce observatory 
efficiency, especially if engineering visits have to be constructed to balance momentum. 
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10.0 Future Studies 

The impact to the expected momentum profile caused by single and multiple visit failures 
needs to be investigated including constraints imposed by the observer specified visit 
relative timing constraints. 

The definition of a momentum resource and its use as a planning heuristic needs to be 
more fully developed including allowing an observation’s expected momentum to be 
calculated for off normal Sun rolls.  

11.0 Conclusion 

The momentum management operations concept consists of a layered combination of 
ground and space-based activities. 

On the ground, the PPS will plan and schedule visits, adjust orientation of Visits, adjust 
Observation Plan windows of Visits, automatically schedule Full or Partial Momentum 
Unloads, and manually schedule Biased Momentum Unloads, in order to manage 
momentum.  Constraints on the number and spacing of Momentum Unloads within a 
stationkeeping interval have been relaxed, and the relationship between Momentum 
Unloads and stationkeeping activities has changed. 

In space, On-board Scripts will request Planned Momentum Unloads contained in the 
Observation Plan, while monitoring the momentum in order to respond to changes which 
result from visit failures.  The On-board Scripts will monitor momentum, predict 
momentum accumulation during a visit, and execute Autonomous Momentum Unloads if 
required to respond to changes in the execution of the Observation Plan and subsequent 
changes to the momentum profile.  In addition, the ACS will monitor momentum buildup 
as well and if necessary will execute a Contingency Momentum Unload.  These are to be 
avoided since they halt normal operations and result in Observatory safing. 

The momentum management operations concept takes full advantage of the changes 
made to the Observatory to manage momentum and preserve propellant usage, which 
should increase the potential Mission Lifetime beyond the required 10 years. 
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