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1 Model Description

1.1 Introduction

This module is modeling a VSCMG connected to a rigid body hub. The VSCMG model has three modes

that can be ran: balanced wheels, simple jitter, and fully-coupled imbalanced wheels.

The balanced wheels option is modeling the VSCMG as having their principle inertia axes aligned
with spin axis, g5, and the center of mass of the wheel is coincident with g,. This results in the VSCMG
not changing the mass properties of the spacecraft and results in simpler equations. The simple jitter
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option is approximating the jitter due to mass imbalances by applying an external force and torque
to the spacecraft that is proportional to the wheel speeds squared. This is an approximation because
in reality this is an internal force and torque. Finally, the fully-coupled mode is modeling VSCMG
imbalance dynamics by modeling the static and dynamic imbalances as internal forces and torques
which is physically realistic and allows for energy and momentum conservation.

Figure [1| shows the frame and variable definitions used for this problem. The formulation involves
a rigid hub with its center of mass location labeled as point B., VSCMGs made of a gimbal and
wheel whose center of mass locations are labeled as G, and W, respectively. The frames being
used for this formulation are the body-fixed frame, B : {by, by, b3}, the gimbal frame of the it gimbal,
Gi : {Gs,;, 9t,, 9g, } Which is also body-fixed, and the wheel-fixed frame of the it RW, W : {gs,, Wa,, w3, }.
The dynamics are modeled with respect to the B frame which can be generally oriented. The W; frame
is oriented such that the g, axis is aligned with the RW spin axis which is the same as the gimbal
torque axis gs,, the wy, axis is perpendicular to g,, and points in the direction towards the RW center
of mass W¢,. The w3, completes the right hand rule. The M; frame is defined as being equal to the
W; frame at the beginning of the simulation and therefore the W; and G; frames are offset by an angle,
0;, about the g,, = g, axes.

A few more key variables in Figure [I| need to be defined. The rigid spacecraft structure without the
VSCMGs is called the hub. Point B is the origin of the BB frame and is a general body-fixed point that
does not have to be identical to the total spacecraft center of mass, nor the rigid hub center of mass
B.. Point W; is the origin of the W; frame and can also have any location relative to point B. Point
C is the center of mass of the total spacecraft system including the rigid hub and the VSCMGs. Due
to the VSCMG imbalance, the vector ¢, which points from point B to point C, will vary as seen by a
body-fixed observer. The scalar variable d; is the center of mass offset of the VSCMG, or the distance
from the spin axis, gs, to W,.

The key equations used to model the dynamics of VSCMGs are produced in a form to make use of
back-substitution, a computationally efficent way to solve rigid body dynamics. An explaination of back-
substitution and the corresponding equations are highlighted below. For a more thorough explaination
of back-substitution and the derivation of the equations of motion can be found in Alcorn 20172

1.2 Back-Substitution

The goal of back-substitution is to manipulate the rotational and translational equations of motion to

conform to the following form,
o o) [Se] = e 8

where [A], [B], [C], and [D] are 3x3 matrices representing 75y and wp/\s coefficients within the
translational and rotational EOMSs. wians is @ 3x1 vector that represents the right-hand side (RHS) of
the translational EOM, and v, is a 3x1 vector that represents the RHS of the rotational EOM. The
matrices [A], [B], [C], [D] and vectors virans, Vrot are broken down as follows.

[A] = [Ahub] + [Acontr] 2
[B] = [Bhub] + [Bcontr] 3
[C] = [Chub] + [Ccontr]

[

[D] = [Dhub] + Dcontr]

Vtrans = Utrans,hub T Vtrans,contr

@)}

~ £~
—_ — O — O —

~ N N N /S
(€3]

Urot = Urot,hub + Urot,contr


http://hanspeterschaub.info/Papers/grads/JohnAlcorn.pdf
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Fig. 1: VSCMG and spacecraft frame and variable definitions

where [Apyp] represents the contribution to [A] from the spacecraft hub and [Acontr] represents the
contribution to [A] from the effectors (i.e. RWs or VSCMGs), etc. [Anub] etc are the same regardless
of the type of effector used, and are provided in the equation below.

[Ahub] = msc[I3x3] (8)

[Bhub] = —mscl€] 9)
[Chub] = msc[é] (
[Dhub] = [Zsc,B] (

Vtrans,hub = F — QmsC[‘:’]cl - 7nsc[":"]2c (12)
(

Urot,hub = LB - [ISC,B]Iw - [G)] [ISC,B]W

1.3 Balanced VSCMG
1.3.1 Equations of Motion

The balanced VSCMG equations of motion are provided here for the reader’s convenience. Note that
translation is not coupled with £ or %;.

MscT /N — Msc[Clw = F — 2mec[@]c — msc[@]*c (14)
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The rotational equation of motion includes Q; and ~; terms, and is thus coupled with VSCMG motion
as seen below.

N N
Mee[ €7 p/n + [Tse Bl + D Iy, Gg,5i + |, Tw,, G5,
i=1 i=1
N
= Lp — I, w — [@][Isc Blw — ) [+ T, 2Yge, + Qivi(Iw,, — Iw,, )G,
=1

+ (@], 0., e, + (@], Jow, | (15)
The gimbal torque equation is given below.
Iy, (Gg.@ + i) = ug, + (Iv,, — Iv, Jwsewr + Tw,, Qicoy (16)
The wheel torque equation is given below.
Iw;, (gsz;w +Q) = —Iw,, Wi + us, (17)

1.3.2 Modified EOM for Back-Substitution

To make use of back-substitution and define the back-substitution contribution matrices for a balanced
VSCMG, the EOM must be arranged into the following form:

Mz

msc[é]":B/N + [[ISC,B] ([Vg ggzgg w + IWS gs;.gs )]

I
—_

i
N
=Lp— [ sc B] sc B Z [ Us; — Wt')/z)gsz + IWg Q’}/gtb

1.3.3 Back-Substitution Contribution Matrices
The balanced VSCMG back-substitution contribution matrices are given by,

[Acontr] = [03><3] (19)
[Bcontr] = [03><3] (20)
[Ccontr] = [03><3] (21)
N
Deontr] = Z [Iv,, 96,94, + Iw., 95,95 ] (22)
Vtrans,contr = 0 (23)

N
Urot,contr = — Z [(usz - IWSZ.Wt;}’i)gsi + IWSZ. Q'ygtl + (ugi + (IVSZ. - IVti )Wswt + IWSZ. int)ggi
=1

+ [@]s, ., Viids, + @1, w., Jow,s | (24)
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1.4 Imbalanced VSCMG
1.4.1 Translational EOMs

The translational equation of motion for an imbalanced VSCMG is:

N .
Z [mWi diw?’i] Q

M=

Tg/N — [Clw + - [mci [égi] TG, /6, — mw,dictigs, + mWZ[igti] ¥ +
SC

i=1 SC =1
N

= fo/n — 2[@]c — [@] Z [mc ilge, Ir G../B
C =1

+ | (2dm9isei — 37) G, — difPebign, — A, ]| (25)

This equation represents 3 DOF and contains all second order states (¥g/n, w, ¥i, Ql) Removing
wheel imbalance terms and assuming a symmetrical VSCMG (i.e. ¢, /g, = 0, £; = 0, d; = 0) gives
the following balanced VSCMG transational equation of motion.

MscFp/n — Msc[€lw = F — 2mec[@]c — me[@]°c (26)

Thus, the balanced VSCMG translational equation of motion does not contain any second-order
terms relating to the wheel or gimbal, and agrees with Eq. [14]

1.4.2 Rotational EOMs

The rotational equations of motion are:

N
msc[€]7 /N + [Lsc,B]w + Z [[IGi,Gci]ggi +me,[Te. /B9 7. jc: + [Tw, e, 19,
=1
N .
+mw, [Tw,, /Bl (ige, — di09z‘ﬁsi)]’% +) [[Iwi,wci]ési +mw,di[Tw,, /B]ﬁfsi] Qi
=1
N
=Lp — [Isc.p]'w — [@][Isc,B]w — [[IGZ»,GC,.]’%Q& [©][Lc, ., 1%ige, + ma.[@]lFe.,,/Blre, /B

1=

—_

+mGﬂz’[ch./B][flgi]rlcc./c- + [, we, 129G, + w, w ) wwy s + [©][Tw, w., Jww,/s
+mw, [@][Fw,, /By, 5 + mw [P, /8] [ (2di3iQust; — €37) Gs, — difcbige, — di s, ] ]
(27)

The rotational equation of motion for a VSCMG with balanced wheels may be found by setting imbalance
terms to zero, leading to:

N N
Mecl€lip/n + [Tse8l@ + D Iv, 98,5 + ) Iw,, 95,k
=1 =1

=

Il
—

— Ly [@[Leslw = Y [wiki(iv,, = I, + Iy, )ds,

7

+ [wsii (v, = vy, = Iv,,) + T, (3 + wg) ]G, — wilw,, Qid, | (28)

This equation agrees with that found in Eq. [15]
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1.4.3 Gimbal Torque Equation
The VSCMG gimbal torque equation of motion is given by:

de, [mvi [Py, /Gi]] Fp/N + Gg, [[fvi,vci] + my, [y, el /B]T] W+ gy [[Ici,Gci]Qgi
+ [IszWci]ggi + 7] (E’Lgtz - diceigsz‘) +[Q4] [égi]chi/Gi]’% + gg: [[IWi,Wci]gSi + [B]dﬂi)gz] QZ

= —gg [7 [Qill9e, 6, i, + [P] (2iiQisti — £i7) s, — dirff cbide, — di2iabva, |

+ [Ig, 6., 1'wg v + (@], 6. Jwg, n + [Tw, we, 199Ge; + [Tw, w1 ww, /v

+ [@1lw, e, Jww, i + ma [Fa,, v, 1 2L@lrg, v, + [@)Pre,, v.,)

+mw,[Fw,, v, 1Ly, v, + [@FPrw, ) + vy, e ] ey, g+ @y, /B)] + ug,

(29)
Where,

(v v.,] = e, v.,] + [Tw,,v.,] (30)
[lc.v.,] = e, c.,] + ma[Fa., v Fa., v, 1" (31)
[w,. v, ] = Dwewe, ]+ mws [P, v Pw v, 1T (32)
[PZ] = mw; PG, [";Wci/Vci] - MG, PW; ['f'Gci/Vci] + mw; [’FVcl/Gl] (33)
[Qi] = mg,pw, [’FGCZ./VCZ.] - Mw, PG; [chi/Vci] +mg, [":Vci/Gi] (34)
[@]* = [@][@] (35)

Removing all imbalance terms, simplifies to the equation found in ([L6))
Iy, (Gg.w + i) = ug, + (Iv,, — Iv, Jwsw + Iw, Qiwy (36)

1.4.4 Wheel Torque Equation

The wheel torque equation is given by:

[mw, ] ] v + |92 T, e, ]+ mow, g [i2 ] 7, )7 |
+ [J12,80; + Jiz,c0; — mw,dil;s0;] 5 + [Ji1, + mw,d?] Q;
= —g. [[Iwi,wci]'wwiw + [@][Tw, w,, Jww,n + muw, dif sy, ] [Q[flwei ) w+ [@] [CD]TWCZ./B]]
+ (J13,80; — Jio,¢0;)0y — mwidfﬁgceisﬁi +us;, (37)
Removing imbalance terms gives (recall that for the simplified case 6; = 0),
Iw, (926 + ) = —Tw, widi + us, (38)

which agrees with .
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1.4.5 Modified EOM for Back-Substitution

Translational EOM This aforementioned translation equation of motion may be rewritten to
confirm with back-substitution requirements in the following way:

N N N
Fpn — [Elw + ni Dl i + ml v = oy — 2[@]¢ - [@]Pc - m} >k, (39)
i=1 i=1 i=1
where,
Uyp; = MG, [égi]chi/Gi — mw, d;ctigs; + mw, lig, (40)
vy, = My, d; W3, (41)
ki, = mG,3ilgg I, /5 + mw; [ (24i3iQust; — 637) gs, — dii cbigr, — diQ b, ] (42)

Uy, + Uy, Cry, aT,—i—ciaT. .
[msc[I?)XS] +Z (uria’?y—; + ( T 75 %)( Q; Q ’Yz))]rB/N

i=1 1 — €0, Cy;
N T T
U, + U Cy; ) (g, + cq, by, .
+[—msc[é]+2<unb$+ o 7"1”)( . ”)]w (43)
i=1 _CQiC"/z’

N
= F — 2mg [@]c — ms[@]?c — Z (kn. + ur,dy, +
i=1

(vri + Uy, C%.) (ch d%‘ + in)
1 —cq,cy,

Rotational EOM This equation may be abbreviated as,

N N
Mae€]7p/n + [Tse, Bl + O Fi + D v,
i=1 i=1
N (44)
= Lp — [Isc plw — [@][Lse Blw — ) Ko,
i=1

where,

wy, = [Ie,6. 198, + ma,[Fa., 8l0e]7c. ja, + Iw,w.,18s, + mw, [Py, /] (Ligy, — dictigs,)  (45)

v, = [w,w,,19s; + mw,di[Fw, /Blws, (46)
ko, = [Le,c., 1 Yide, + [@][Le, ¢, 1ide, + ma.[@][Fc., 817G, 5 +meilTe., Bll9]r6,, c,
+w,we, 1998 + Hw,we, I wwys + [@1Hw, we, Jow, s + mw [©]Fw,, slry, 5

+mw, [Pw., /5] [(2di%:Qush; — £:i77) Gs, — dii cOiGr, — diQ by, |
(47)
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N
[msc[é] + Z <[IrWi7Wci]QSi + Mrw,; di [FWci/B]w3i>a£¢] i;B/N
i=1

+ [[fsc,B] +>] ([IrWi,Wci]Qsi + M, di [fwci/B]’li’?»i)ba] wWE/N

N
Z |:er7, "”W /B d Q 'w2 [IrWi,Wci]/Qigsi - [‘:JB/N] ([IrWi,Wci]QiQSi + Miw, [":Wci/B]r{/Vci/B)
i=1

- ([Irwi,Wci]gsi + mrwidi [FWC/B]wE}Z)cQZ]
— [@/n][Ise,Blwp/n — [se,.B]'wn/n + Le  (48)

Gimbal Torque Equation The gimbal torque equation is,
~T ~ . ~T ~ ~ Tl - ~T ~
g, [mvi [7v., /GJ] T/N + g, [[fvi,vci] +my, [Py, 6,7V, /8] ]w + g, [[Ici,cci]ggi
+ [Iw, ., 19g, + [P](Lige, — dictigs,) + [Qillgg,Ira., /Gi] %i + G, [[Iwi,wci]gsi + [Pz‘]dﬂf’:ai] o

= —9g, [,y [Qill9g, 176, s, + [R[ (2diiQust — 677 gs; — i cbigr, — diQ i ]

+ I, c., Vwg, v + [@1Lc, ., lwg, v + Hw, w., 199G + [Tw, w., 'ww, /v

+ @], we Jow,w + me [Fa, v, 12@lrG, v, + [©FPre,, v.,)

+ mw, [fW% /Vc,.] (2[(:)]7“{/‘/% e, T [GJ]?chi /vci) + my, [fVci/Gi](Q[d)]r{/ci /BT [@]*r Ve, /B)] + ug,

(49)
where,

[Iv,ve,] = e, v, ]+ [w,,ve,] (50)

[Ie,v.,] = [ . ) +mel7a., v, [Fa. v, (51)

[Iw;,v.,] = [le,wc ]+ mwi[Pw, v JPwe, v, ] (52)

[P] = mw,pc[Fw., v, ] — me,owi[Ta,, v, |+ mw [Ty, o] (53)

[Qi] = me,pwi[Tc, v, ] — mw,pe[Fw., v, ] + me[Fv,, jc.] (54)

[@]? = [@][@] (55)

Wheel Torque Equation The wheel torque equation is,
[mw,diws, | #5/n + [QSTZ- [Tw,w., ] + mw,digs, [’L:lizi][fwci /B]T] w
+ [J12i39i + J13i09i — mwidi&sﬁi] ’)/Z + [Jui + mWid?] QZ
=g, [[Iwz,wc V@, n + (@) w, we, Jwow, ar + mw,di[ws, ][Q[f{d/ci/B]Tw + [@] [@]TWCZ./B]]

+ (Jiz,80; — Ji2,¢0:)Q5 — mw, d232cl;50; + us, (56)
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1.4.6 Back-Substitution Matrices for Imbalanced VSCMG

The contributions are,

N
[Acontr] = Z [u”ai + (v, + u”c%.)p?] (57)
=1
N
[Beontr] = Z [umb»jy; + ('Uri + uricw)qz‘T] (58)
i=1
N
[Ccontr] = Z [Uwia?y; + ('Uwi + uwicfyi)pzr] (59)
=1
N
[Dcontr] = Z [uwlb%—; + (,le' + uwic'yi)qz‘T] (60)
=1
N
Vtrans,contr = — Z |:sz + umd% + (UTi + ’U,MC%)SZ‘] (61)
i=1
N
Urot,contr = — Z I:kuh + qu‘,d% + (vwi + uwic%‘)si] (62)
=1

2 Model Functions

This model is used to approximate the behavior of a VSCMG. Below is a list of functions that this model
performs:

e Compute it's contributions to the mass properties of the spacecraft
e Provides matrix contributions for the back substitution method

e Compute it's derivatives for 8 and 2

e Adds energy and momentum contributions to the spacecraft

e Write output messages for states like 2 and applied torque

3 Model Assumptions and Limitations
Below is a summary of the assumptions/limitations:
e The VSCMG is considered a rigid body
e The spin axis is body fixed, therefore does not take into account bearing flexing

e There is no error placed on the torque when converting from the commanded torque to the applied
torque

e For balanced wheels and simple jitter mode the mass properties of the VSCMGs are assumed to
be included in the mass and inertia of the rigid body hub, therefore there is zero contributions to
the mass properties from the VSCMGs in the dynamics call.

e For fully-coupled imbalanced VSCMGs mode the mass properties of the VSCMGs are assumed to
not be included in the mass and inertia of the rigid body hub.
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e For balanced wheels and simple jitter mode the inertia matrix is assumed to be diagonal with
one of it's principle inertia axis equal to the spin axis, and the center of mass of the VSCMG is
coincident with the spin axis.

e For simple jitter, the parameters that define the static and dynamic imbalances are Ug and Uj.

e For fully-coupled imbalanced wheels the inertia off-diagonal terms, Ji2 and J23 are equal to
zero and the remaining inertia off-diagonal term Ji3 is found through the setting the dynamic
imbalance parameter Uy: Ji3 = Ug. The center of mass offset, d, is found using the static
imbalance parameter Uy: d = Us

Mrw

4 Test Description and Success Criteria

The tests are located in simulation/dynamics/VSCMGs/ UnitTest/
test_VSCMGStateEffector_integrated.py and simulation/dynamics/VSCMGs/

_UnitTest/ test_VSCMGStateEffector_ConfigureVSCMGRequests.py. Depending on the test, there
are different success criteria. These are outlined in the following subsections:

4.1 Balanced Wheels Scenario - Integrated Test

In this test the simulation is placed into orbit around Earth with point gravity, has 3 VSCMGs attached
to the spacecraft, and they are in “Balanced Wheels" mode. The following parameters are being tested:

e Conservation of orbital angular momentum

Conservation of orbital energy

e Conservation of rotational angular momentum
e Conservation of rotational energy

e Achieving the expected final attitude

e Achieving the expected final position

4.2 Simple Jitter Scenario - Integrated Test

In this test the simulation is placed into orbit around Earth with point gravity, has 3 VSCMGs attached
to the spacecraft, and they are in “Simple Jitter” mode. The following parameters are being tested:

e Achieving the expected final attitude
e Achieving the expected final position

4.3 Fully Coupled Jitter Scenario without Gravity - Integrated Test

In this test the simulation 3 VSCMGs are attached to the spacecraft, and they are in “Fully Coupled
Jitter” mode. The following parameters are being tested:

e Conservation of orbital angular momentum
e Conservation of orbital energy
e Conservation of rotational angular momentum

e Conservation of rotational energy

Achieving the expected final attitude

Achieving the expected final position
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4.4 Fully Coupled Jitter Scenario with Gravity- Integrated Test

In this test the simulation is placed into orbit around Earth with point gravity, has 3 VSCMGs attached
to the spacecraft, and they are in “Fully Coupled Jitter Gravity” mode. The following parameters are
being tested:

e Conservation of orbital angular momentum

e Conservation of orbital energy

Conservation of rotational angular momentum

Achieving the expected final attitude

Achieving the expected final position

5 Test Parameters

Since this is an integrated test, the inputs to the test are the physical parameters of the spacecraft along
with the initial conditions of the states. These parameters are outlined in Tables[2} [7] Additionally, the
error tolerances can be seen in Table[10] The energy-momentum conservation values will normally have
an agreement down to le-14, but to ensure cross-platform agreement the tolerance was chose to be
1e-10. The position and attitude checks have a tolerance set to le-7 and is because 8 significant digits
were chosen as the values being compared to.

Table 2: Spacecraft Hub Parameters for Energy Momentum Conservation Scenarios

Name Description Value Units
mHub mass 750.0 kg
900.0 0.0 0.0
IHubPntBc_B Inertia in B frame 0.0 800.0 0.0 kg-m?
0.0 0.0 600.0
r_BcB_B CoM Location in B frame [-0.0002 0.0001 0.1]" | m
sigma_BNInit Initial MRP of B frame [0.0 0.0 0.0]" -
omega_BN_BlInit | Initial Angular Velocity of B frame [0.08 0.01 O.O]T rad/s
Table 3: VSCMG Parameters Across All Tests
Name Description Value Units
Js Spin Axis Inertia 0.159 kg-m?
mass mass 12.0 kg
Us Static Imbalance 4 .8E-6 kg-m
Ud Dynamic Imbalance 15.4E-7 kg-m?
Omega_max Max Wheel Speed 628.32 rad/s
IW1 Spin Axis w; Rotor Moment of Inertia 0.159 kg-m?
IW2 wy Rotor Moment of Inertia 0.079 kg-m?
IW3 ws Rotor Moment of Inertia 0.079 kg-m?
IG1 Spin Axis gs Rotor Moment of Inertia 0.1 kg-2
1G2 gr Rotor Moment of Inertia 0.2 kg-m
1G3 gg Rotor Moment of Inertia 0.3 kg-m?
I Transverse Offset 0.01 m
L Axial Offset 0.1 m
gamma Gimbal Angle 0.0 rad
rGcG_G | Gimbal Center of Mass in the G Frame | [0.0001 —0.02 0.1]" | m
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Table 4: VSCMG 1 Parameters Across All Tests
Name Description Value Units
gsHat0_B Gso [1.0 0.0 0.0]"
gtHat0_B Gio [0.0 1.0 0.0]"
ggHat B oo [0.0 0.0 1.0]"

Omega Initial Wheel Speed 209.44 rad/s
gammaDot Gimbal Rate 0.06 rad/s
rGB_B Position Vector of the VSCMG in the B frame | [0.1 0.002 —0.02]" m
Table 5: VSCMG 2 Parameters Across All Tests
Name Description Value Units

gsHat0_B Gso 0.0 1.0 0.0]"
gtHat0_B o [-0.817 0.0 0.577])"
ggHat_B oo [0.577 0.0 0.817]"

Omega Initial Wheel Speed 36.65 rad/s
gammaDot Gimbal Rate 0.011 rad/s
rGB_B Position Vector of the VSCMG in the B frame | [0.0 —0.05 —O.O]T m
Table 6: VSCMG 3 Parameters Across All Tests
Name Description Value Units

gsHat0_B Gso [0.0 0.0 1.0]"
gtHat0_B dio [0.817 0.0 0.577]"
ggHat B oo [-0.577 0.0 0.817]"

Omega Initial Wheel Speed -94.25 rad/s
gammaDot Gimbal Rate -0.003 rad/s
rGB_B Position Vector of the VSCMG in the B frame | [-0.1 0.05 0.05]T m
Table 7: Initial Conditions for Fully-Coupled Jitter Scenario with Gravity

Name Description Value Units
r_.CN_NInit | Initial Position of S/C | [—4020339 7490567 5248299]T m
v_CN_NInit | Initial Velocity of S/C | [~5199.78 —3436.68 1041.58]" | m/s

Table 8: Initial Conditions for Fully-Coupled Jitter Scenario without Gravity

Name

Description

Value

Units

r_CN_NInit
v_CN_NInit

Initial Position of S/C
Initial Velocity of S/C

0.1 —02 0.3]"
[-04 —05 —0.8]"

m
m/s

Table 9: VSCMG Wheel and Gimbal Torque for Simple Jitter and Fully-Coupled Jitter Scenario without Gravity

Scenarios

Name

Description

Value

Units

wheelTorque
gimbalTorque

Torque on VSCMG Wheel
Torque on VSCMG Gimbal

[0.001 0.005 —0.009]"
[0.008 —0.0015 —0.006]"

N-m
N-m

Table 10: Error Tolerance - Note: Relative Tolerance is abs(

truth

Test

Relative Tolerance

Energy and Momentum Conservation

1e-10

Position, Attitude Check

le-7

truth—value

)
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6 Test Results
6.1 Balanced Wheels Scenario - Integrated Test Plots

Change in Orbital Angular Momentum
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0.0 0.2 0.4 0.6 0.8 1.0

Fig. 2: Change in Orbital Angular Momentum BalancedWheels
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le—12 Change in Rotational Angular Momentum
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Fig. 3: Change in Orbital Energy BalancedWheels
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Fig. 4: Change in Rotational Angular Momentum BalancedWheels
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le—11 Change in Rotational Energy
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Fig. 5: Change in Rotational Energy BalancedWheels
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6.2 Fully Coupled Jitter Scenario - Integrated Test Plots

1e—12 Change in Orbital Angular Momentum
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Fig. 6: Change in Orbital Angular Momentum JitterFullyCoupled
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le—13 Change in Rotational Angular Momentum
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Fig. 7: Change in Orbital Energy JitterFullyCoupled

le—12 Change in Orbital Energy
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Fig. 8: Change in Rotational Angular Momentum JitterFullyCoupled
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le—11 Change in Rotational Energy
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Fig. 9: Change in Rotational Energy JitterFullyCoupled
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6.3 Fully Coupled Jitter with Gravity Scenario - Integrated Test Plots

Change in Orbital Angular Momentum

0.5
0.4 -
0.3 -
0.2
0.1 \
004 dxnd \” "\'/“‘4
~0.11
~0.2 -

—0.3 A

0.000 0.002 0.004 0.006 0.008 0.010

Fig. 10: Change in Orbital Angular Momentum JitterFullyCoupledGravity
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le—13 Change in Rotational Angular Momentum
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Fig. 11: Change in Orbital Energy JitterFullyCoupledGravity
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Fig. 12: Change in Rotational Angular Momentum JitterFullyCoupledGravity
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6.4 Balanced Wheels, Simple lJitter, Fully Coupled Jitter and Fully Coupled lJitter
with Gravity Tests Results

Table 11: Test results.

Test Pass/Fail
Balanced Wheels PASSED
Simple Jitter PASSED
Fully Coupled Jitter PASSED
Fully Coupled Jitter + Gravity | PASSED
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7 User Guide

This section is to outline the steps needed to setup a reaction wheel state effector in python using
Basilisk.

1. Import the vscmgStateEffector class and the spacecraftPlus class:
import vscmgStateEffector and import spacecraftPlus

2. Define an instantiation of a vscmgObject:
vscmgObject = vscmgStateEffector.vscmgStateEffector()

3. Set parameters for vscmgObject. A common set up might include:
VSCMG.rGB_B = [[0.],[0.],[0.]]
VSCMG.gsHat0_B = [[1.],[0.],[0.]]
VSCMG.gtHat0_B = [[0.],[1.],[0.]]
VSCMG.ggHat_B = [[0.],[0.],[1.]]
VSCMG.Omega_max = 6000. * macros.RPM
VSCMG.IWI1 = 100./VSCMG.Omega_max
VSCMG.IW2 = 0.5*VSCMG.IW1
VSCMG.IW3 = 0.5*VSCMG.IW1
VSCMG.IG1 = 0.1
VSCMG.IG2 = 0.2
VSCMG.IG3 = 0.3
VSCMG.U_s = 4.8¢-06 * 1e4
VSCMG.U_d = 1.54e-06 * le4
VSCMG.I = 0.01
VSCMG.L = 0.1
VSCMG.rGeG_G = [[0.0001],[-0.02],[0.1]]
VSCMG.massW = 6.

'VSCMG.massG = 6.
VSCMG.VSCMGModel = 0

4. Create an instantiation of a spacecraftPlus:
scObject = spacecraftPlus.SpacecraftPlus()

5. Finally, add the VSCMG object to your spacecraftPlus:
rwFactory.addToSpacecraft(”VSCMG", vscmgStateEffector, scObject). See spacecraftPlus docu-
mentation on how to set up a spacecraftPlus object.
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