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Scope/Contents

This module creates a time varying attitude reference frame message that allows the orbit correction
burn direction to rotate at a constant rate. A message is read in containing the base Awv direction,
the burn duration, as well as a nominal rotation axis. A base burn frame is created relative to which a
constant rotation about the 3rd frame axis is performed. The output message contains the full reference
frame states including the constant angular velocity vector and a zero angular acceleration vector.
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Fig. 1: lllustration of the module input and output messages.

1 Model Description

1.1 General Functionality

The purpose of this module is to create an attitude reference frame suitable for an orbit trajectory
correction burn that has a constantly rotating direction. Assume the initial burn direction is given by
Aw as illustrated in Figure 2. The module assumes that the burn direction is always along the current
reference frame 1 axis. If this is not the case, the attTrackingError module can be setup to align a
different body frame with R.

While the following developments are done in a vectorial manner, all vector components are assumed
to be taken with respect to a common inertial frame.

1.2 Base Burn Frame Definition

The current burn frame is developed in a two-stage process. First a base frame is developed which is

then rotated about the 3rd axis. Let B, = {by,.1, by,,2, by, 3} be the inertially fixed base burn frame.
The DCM of B, relative to an inertial frame N is defined as

Nep

bub,l

[B.,N| = | VT (1)
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Fig. 2: Burn frame unit vector lllustration.

The first base vector is defined as the normalized Awv direction using

. Av
bu,,1 = [Av] (2)

To create a full three-dimensional reference frame, a vector # is provided in the input message. The
second base Burn frame vector is then defined as

- 7 X Av

bu,2=77"7— 3
b:2 |7 x Av| (3)
The final base frame vector is then defined as
. by, 1 % by
w3 = Zup, L 7 Tup,2 (4)
|bub,1 X bub,2|

Note that if # and Aw are orthogonal to begin with, then # = by, 5. In this case the 7 vector defines
the axis about which the Awv vector will rotate.

1.3 Burn Time

The input message contains a time tag tstart Wwhen the Awv burn is to begin. The time since this start
time is thus evaluated using
At =t — totan (3)

where t is the current time. A negative signed At is a valid burn duration and corresponds to a rotation
towards the nominal attitude at the start of the burn.

1.4 Current Burn Frame

The current burn frame is defined as B, ; = {I;uhl,i)ut,g,i)ut’g}. It differs from the base burn frame
through a third base-frame axis rotation. The rotation rate 6 is given in the input message as

dvRotVecMag. The current angle 6 is _
0(t) = OAL (6)

The DCM going from the base to the current burn frame is

cosf sinf 0
[ButBup) = | —sin@ cosf 0 (7)
0 0 1
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The final output reference frame is then computed as
[RN] = [BuiN] = [Bu,tBup][ Bt V] (8)

which is mapped into the equivalent og/n MRP set for the output message.

The reference frame angular velocity vector is computed as follows. Note that because B, is
inertially fixed then wp ,/n = 0. The angular velocity vector between the current and the base burn
frame is

WB,,1/Buy = 0uy3 = Obuy 3 9)
The desired inertial reference frame vector is then given by
WR/N = WB, /N = WB,,/B,, + WB,,/N = 0by,3 (10)
As 6 is constant and 6%3 is inertially fixed, the reference angular acceleration is zero.

WRr/N =wpg, /N =0 (11)

2 Module Functions

e Read in Av information: The nominal Av maneuver information is read in to establish a base
burn reference frame

e Allow for a constant rotation: The reference frame is rotated at a constant rate during the

burn duration.

3 Module Assumptions and Limitations

The module assumes the rotation rate is constant. Further, the burn direction is assumed to be along
the first reference frame axis.

4 Test Description and Success Criteria

The unit test computes setups up a sample Av maneuver message and runs the module for 3 time steps.
This ensures that the 6(t) angle updates are occurring correctly.

5 Test Parameters

The test sets up VAv = [5,5,5] m/s while V# = [1,0,0]. The commanded reference frame rotation
rate is 0.5 rad/sec, and the burn start time is set to 0.5 seconds.
The unit test verify that the module output message vectors match expected values.

Table 2: Error tolerance for each test.

Output Value Tested | Tolerated Error
sigma RN 1e-09
omega RN_N 1e-09
domega RN_N 1e-09

6 Test Results
All of the tests passed.

Table 3: Test results

Check | Pass/Fail
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7 User Guide

This section contains information directed specifically to users. It contains clear descriptions of what
inputs are needed and what effect they have. It should also help the user be able to use the model for

the first time.
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