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1 Model Description

1.1 Introduction

t; = 0;.4 + 0; 0 positive angle is in the upward direction.

Fig. 1: Frame and variable definitions for the system discussed here, where N, = 2.
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1.2 Derivation of Equations of Motion - Kane’s Method

The choice of state variables and their respective chosen generalized speeds are:

TB/N TB/N
OB/N wB/N
X = 91 u = 91 (1)
ONP é]\/p

To create the partial velocity table, some velocities first need to be defined

TB/N = TB/N (2)
To/N =Tp/N t € (3)
WB/IN = WB/N (4)
WS\ = WB/N T ( Z 9k> 8io (5)
k=1
i—1
TSN = TB/N + TS B = TE/N + Ta/p — [d8in + ) 2d31] (6)
n=1
i—1 n
g, /N = "'B/N + ’l"s /B TWB/N XTs,/B = "'B/N + d[( Z 9k)523 + Z 23n3( Z ek)] TS /B]wB/N
k=1 n=1 k=1
(7
Where .
.§;7]- = wsi/g X '§i,j = <Z 9k> SAZ'72 X éi,j (8)
k=1

is used to get the derivative.

The summation in equation [6] and [7] can be out of bounds for certain values of i. When this occurs, the
summation becomes equal to zero. c is defined as the position vector between the body frame and the
COM of the system:

1
- S .
=<~ [ (10)

=" [292 - —n] +1)sn3] (12)

Now the following partial velocity table can be created (here: j =7 — 6):
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Table 2: Partial Velocity Table

. o T E T e o]
1-3 [IB><~3] I3x3] | [03x3] [I§x3] 103x3]
4—-6 —[e] 103x3] | [{ax3 —[7rs,/B] I3x3

Ifj<i1: if j<i:
P a d Ai K Z: ; 2An : Ai
T—N, | So2, 2N, — 0]+ Dang | [03x1] | [03x1] [i +§SZ:*J $n.3] ez
[031] [031]

Using these partial velocity definitions, the follow sections will step through the formulation for the
translational, rotational and panel EOMs developed using Kane's method.

1.2.1 Hub Translational Motion

Starting with the definition of a generalized force:

N
F.=)vF (13)

Using this definition the external force applied on the system for the translational equations is defined
as:

F1—3 = [’Ulc—?)]TFext = Fext (14)
Using the definition of generalized inertia forces,

FF = i [wTTT* + U;:F(—mrar)] (15)

r

the inertia forces for the hub translational motion are defined as

NP NP
F} 5 = [v7 5]" (—mnw¥p/n) + Z[”igig]T(—mpfsi/N) = —MhuTp/N + Z —mp,Ts, N (16)
i=1 i=1
Finally, Kane's equation is:
F.+F'=0 (17)
therefore
NP
For — mhub'i:B/N + Z _mpili;S'i/N =0 (18)
i=1
Expanding and rearranging results in
Np
MhubPp/N + Y. Mp(Fp/y + T5,/8) = Fex (19)
i=1

Where
Fs,/B = Tg,/p + 2Wp/N X Ts, 5+ Wa/N X Ts,/ + wpn X (We/n X Ts,/B) (20)
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Plugging Eq. into Eq. results in
NP
MhubTB/N + Z mp[fB/N + rg‘i/B + 2(.05//\/' X T:S‘-/B + wB/./\/’ X Ts,/B
i=1
+ wp/nr X (wp/nr X TS¢/B)] = Fo: (21)

The body frame derivative can be written explicitly using the simplification used in Eqs and . this
simplification only works when rg,/B is summed over all panels)

Np Np i 9
mp Z rlyn = 2 |0 D CINy = K]+ Ddmpdps + (Y 6) (2N, — il + Ddmpdin | (22)
=1 k=i =
Combining like terms and rearranging results in
Np NP
MscTB/N — Msc|Clwp/n + Z [

2(2[ — k| + 1)dmy 3y, 3]9 = Foxt — 2msc[w8//\/]
i=1 k=i

i

[( Z ek) (2[Np — ] + 1)dmp§i71] (23)

— Msc[wp //\/ [wn /N

||M2

1.2.2 Hub Rotational Motion

The torque acting on the spacecraft, Lp needs to be defined as a general active force. Using Eq .
active forces acting on the spacecraft for the rotational equations can be defined as

Fyg=[w} 6] Lp=Lp (24)
To define the generalized inertia forces, using Eq. (15)) the definition of T needs to be defined for a
rigid body:

T* = —[I]w — [@][Lc]w (25)

N,
. . S;
Fy ¢ = [wf—6]TTh*ub + [’Uf—ﬁ]T(—mhubTB/N Z ( vy 6 (—mprs,/N) + [w4-6]TT*>
i=1

Pi
~[Inub, Blws/v — [@B/A ] [Thub, Blws /N

+Z< mp[7s,/8]7s, N — [Up,s:lws; = [@s 5 ] p,.5.] ,/N> (26)
Using Kane's equation, Eq. , the following equations of motion for the rotational dynamics are
defined:

L — [Ihwb,Blws/n — [@8/n ] [Thub,Blws/a

+z<

p[Ts; /B]TS JN — [ Lo, Si]“"’&//\/ - [‘:’S;/N] [Ipivsi]wsi/,/\/’> =0 (27)
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(.;JSI./N = wB/N + Z ékéi,l + Z 9k(w3//\/ X §i,2) (28)

k=i k=i
Plugging Eq. into Eq.

Lp — [Ihb,Blws/n — [@5/a ][ Thub, Blwsa
+ )] <— mpl7s,/BlTs, /N — Up,.s:lwB/n — Is; Z Oria + [T, 5] Y, Ok(8i2 x wpn)
i=1 k=1 k=1

 lomnlinslwos — EanlTas ] (3 6)sa — (3 60)sus x o, s]ww) —0 (29)
k=1 k=1

N, N, N,
Lp—[Inub Bléosn— [ Tps.lwsn— > Isis Z 0812~ [@p/n [ Thub, 81w v — Y (@B T, 5, lws)n
=1 i=1 k=1 i=1

+ Z < mp[Ts,/B] [TB/N + 7, /B] L., . Okl@pn]3i2
ki

[ 7
) s AT s AT ; 4 AT 4 AT
+ Z O [Isi,lsiylsi,gv - Isi,Ssi,3Si,1:|wB/N - Z Ok [Isi,35i7lsi,3 - ISi,lsi73Si,1]wB/N> =0 (30)
k=i k=i

Np Np . Np Ny
; _mp[fsi/B]rgi/B = —mpd; ( kZ_: [[”’sk/B] + _Zk]+12[7's /B]]Sk,?)
i g N,
(X 0) |IFsyml+ Y 2Ars,ml]s 1) (31)
k=1 n=i+1
Np Np . Np
Lp — mec[€l7 gy — [Tnub,8lwsn — Y Usprs s = D0 D Toa8k2 — (@8] Tnub,Blws ar
i=1 i=1 k=i
Np . Np Np
- Z @[ Tpy.s:lwsin + . <— 6y [[fsk/B] + Y 2[F3n/3]]mpd.§k73
=1 k=i n=k+1
i Np ’
( Z 0) [ T'S /B Z 2[1:Sn/3]]mpd§i71 — mp[FSZ./B] |:2UJB/N X rfgi/B + WB/N X TSZ-/B
k=1 n=i+1

+ wB/N x (wB/N X TSi/B)] - IS@Q Z ek[JJB/N]g'L,Q

=1

- Z Ok(To; 5 — Ts; ) (801805 + §7;,3~§;ﬂ)w3//\/> =0 (32)
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Np Np Np
Lp —msc[€]7p/n — [Ise,Blwn/n — Z [Z S1.29 [[fsk/B] + Z Q[fsn/B]]mpd%,s]@i
=1 k=i k=i n=k+1
Np i
—[@B/N][Isc,B]wB/N+2 (—2mp[f5i/3] [WB/erfgi/B] 2 Loy =T, )(3i18] 545i38] 1 )wp/n

( Z 9) [ Ts,/B] %”: 2[fsn/B]]mpd§i,1 — I ( Z ék)[a)B/N]§z‘,2> -0 (33)

n=i+1 k=1

Moving things to the correct sides

N, Np Np Np .
msc[€]7 /N + [Lse,Blwp/n + Z [Z Is, 28k + Z [ [7s,/B] + Z 2[fsn/3]]mpd§k,3]9i
i=1 k=1 k=1 n=k+1
N, ;
— (@] Lse,Blwnn— <2mp[fsi/3] [wB/NXT/si/B] Z Lo y—1s; 1) (8i18] 3+8i38]  )wp v
=1 k=1
i Ny ‘
( Z ) [ ’l‘S /B Z 2[7;Sn/B]]mpd§i,1 + ISM( Z 9k> [&B/N]§i72> + Lp (34)
k=1 n=i+1 k=1
N, N, N, N, )
mecl€lip/n + [TseBlwpn + ) [Z Lo 28k2 + 2 [ [Fsypl+ . 2[fsn/3]]mpd§k,3]9i

i=1 k=i k=i n=k+1

EEWRTAR T ( — mp| [, [, /5] + 7,517, ] | win
=1

7
+ (D 0k) (Tsy s — Ty ) (801805 + 8138 wi v + mpl@p/w][Fs,/8]7%, 5

A2 Ny i

+( 9) [[fsi/B]ﬂL > Q[fsn/B]]mpdéalJrfsi,z(Z9k)[5)8//\/]§i,2>+LB (35)
k=1 n=i+1 k=1

End

Ny N, N, N,

mse[€]7p/n + [LscBlépn + . [Z skoSk2 T Z [ [Fspl+ D Q[fsn/B]]mpdgk,S]éi
i=1 k=i k=i n=k+1

Np

@ Te sles — e glwsn — S <mp[am (s, 5
=1

Ny i
2 Q[fsn/B]]mpdgi,l + Isi,2( Z Qk) [(:)B/N]éig) + Lp (36)
n=i+1 k=1

+(29) [t

1.2.3 Panel Motions
Following the similar pattern for translational and rotational equations the generalized active forces are

defined, where j = r — 6:
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S; ~ N oA ~ A ~
Fr=wr' - (=kj(05 = 050082 — ¢;0;8j2 + kjr1(0j41 — 0j11,0)8j2 + ¢j410j413541,2)
+2d8;3 - (Fextj+1 — MeonnjTeonn,j) = —kj(0; — 050) — ;0 + kjy1(0541 — O110) + ¢jv16541

+ 2d§j,3 : (Feact,j-H - mconn,ji;conn,j) =K+ 2d§j,3 : (Fe;vt,j+1 - mconn,j"‘;conn,j) (37)

Where mcopnj and T'conn,j are the mass and acceleration of the connected panels after the jth panel,
and: ) .
K = —kj(0; = 0j0) = ¢j0j + kjr1(0i11 = Oj410) + ¢j11011 (38)

The generalized inertia forces are defined as:

S; S; .
Ff = w;’- Tp*j + v (=mpFg, N) =

S; . - s; ;
wr - [_ [£o;,5;]@syp — [wSJ/N][ij’Sj]wSJ/N] ot (=mpisn) - (39)

Using Kane's equation the following equations of motion are defined:
K+ 2d§j73 : (Feq:t,j+1 - mconn,j":conn,j) + §i,2 ) [ - [Ipi,Si]wS//N' B [JJSI/N][IPivSi]wSi/N]
+d8j3 - (—mp’f;sj/N) =0 (40)

Defining the inertial derivative:

NP NP
“'JSj/N = wp/n T Z 0;5;2 + Z Oiwp/n X 8j2 (41)
i=1 i=1
Which can be plugged into Eq. (40):
Np
K— Iy, 08 gtopn — Ty O, 00— (I, — Lojy) we; 5Ws,
i=1
NP
+2d8] 3 Fugr ji1 — 2d3]5 >, mpfs,y — d&lgmpiis, v =0 (42)
i=j+1
NP
K— Iy 28] 0t — Tsj2 ), 00— (I, — Loy 3) we; 5Ws; 1
i=1
Np
AT T .. .. T . .
+2d8] 3 Fepy ji1 — 2485 Y mplip)n + s, /5] — 8] amp[ipn + 5,51 =0 (43)
i=j+1
NP Np
a AT 7 AT - o
K_ [dS]’g + Z 2dSJ,3]7‘B/N - Isj728j72wg/’/\/’ - ISj,2 Z 02 - (ISj,l - IszS) wsj,3w5j,1
i=j+1 i=1
Np
AT ~T .
+2d8; s Fept j+1 —2d8; 5 Z mp[rgi/B + 2wg/ N ¥ Tgi/B +wp/n X Ts,/B+wWp/N X (wB/N X rsi/B)]
i=j+1

— d§f3mp[rgj/3 + 2wp/pr X TISj/B + wp/n X Ts;/B + WB/N X (wp/n x rsj/B)] =0 (44)
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Np Np

~T AT |- ~T
K— [dmijg + Z 2dmpsj73]rB/N - |:ISj,2'Sj’2 - mpds [’I‘S /B Z 2mpd5 [’l"s /B]]wB/N
i=j+1 i=j+1
Ny
_ ISJ,Q Z 9 SJ L= S] 3) Ws; 3Ws; 1 T 2d§;‘che$t7j+1 — mpdéfy)[rg‘j/B + 2 QTgi/B]
i=1

— myd3]y [2 [‘:’B/N]r 5,8 T [@s/nll@s/n]Ts, /B
+ 2 (4U@s 17, 5 + 2w @5 lrs, s ) | =0 (45)
i=j5+1

The 774, /B terms contain 6 terms and thus need to be rewritten to a usable form. This is done by writing
it out for several panels and finding a pattern, the result of this is shown next:

Np Np

K — [dmpéj?g + Z 2dmp§£3]fB/N — [Isj,géjTQ — mpds s[7s,/B] — Z 2mpds 3[7s, /B]]WB/N
i=j+1 i=j+1
5J7229 sjl - sjg)ws] 3Ws;1 +2d33 3Fextj+1
N,
- mpd§§3[ [@5/n 17, 5 + [Osn][@Bn s, B + Z ( [©Os/n ], 5 + 20@8/n][@5/n]7s; /B)]
i=j+1
N, N,
—mpd5Ty 3 [0 28k + A5k(Ny — ) — HIk — jl48,(k = ) — H[j = i858+
i=1 " k=i
L2 L2
(20 0) (@801 + 4801 (Ny = 5) = HIi = Wi (i = ) = (X 6) 50| =0 (46)
n=1 n=1
This finally leads to:
N, N,
[dmp 853 + Z 2dmp j3]rB/N + [ISJ 28312 mpds [’I’S /B 2 2mpds [’I"S /B]]wg//\/—F
i=7+1 i=j5+1

Np

Np
3| By HU = i1+ my 5Ty 3 (280 + 450,3(Ny — 5) = HIE — J48(k = ) — HIj — 11353
i=1 k=1

=K + Qdéngezt,j—kl - (Ist - Isj73> ij,ngjJ - mpdéng [Q[QB/N]TA/S]/B + [G)B/N] [G)B/N]TSj/B+

Np
Y, (4@sulrs, s +20@sn@snlrs,5)
i=j+1
+ (Zéi>2(2§i71+4§i’1(Np—j)—H[Z—j]4811 Z—] (Z ) Sjl ] 47)
n=1 n=1

Where H|[z] is the Heaviside function.
1.3 Back Substitution Method

The Back substitution method is used to gain a simpler expression that combines the three equations
of motion. First, Eq. (47)) is rearranged so that the second order state variables for the panel motions
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are isolated on the left hand side:

Np Np

By 2 HE = i1+ my sy 3 (2803 + 450,3(Ny = §) = HIE = J4a(k — ) — HIj — 1133
i=1 k=i

Np Ny
= —[dmp.§§:3 + Z 2dmp§,]173]rB/N - [Isj72§?:2 — mpds [T‘S /B Z 2mpd5 [’l"S /B]]wB/N
i=j+1 i=j+1

+ K + 2d'§§j3F€It,j+1 - (Isj 1 Isj 3) Wsj3Wsj1 — mpdég:?) [2[‘:’8//\/]7{5‘]-/B + [‘DB//\/] [‘:‘}B/N]TS]-/B

+ Z ( @pnIrs, i + 208N [©Osn]Ts; /B)
i=j+1

i i

# (30 08ua + 4802 =) = i = 5lasuati =) = (5 6) 5w 49

n=1 n=1

Now, defining the elements of a matrix [A] as:

NP
= Ly o Hj— il my 5Ty 3 (280 + 483 (N, — ) — HIE = j4803(k = ) ) = H[j — i3 (49)
k=1

And defining the row elements of a matrix [F] as:

NP
fin = —[dmp8ls+ > 2dm,sTy] (50)
i=j+1
With a matrix [G] which has row elements defined as:
NP
91 = —[Ls; 28]5 — mpd3]s[Fs, 5] — D) 2mydd][is, 5] (51)
i=7+1

Also defining the vector v
Vi1 = K+ 2d8] 3Feat J+1 (Isg,l ISj 3) Wsj3Ws;1 — mpdégjii [2[&B/N]TZS‘]-/B + [‘:JB/N] [‘:"B/./\/’]TSJ-/B

+ Z ( L R N | (N L) /B)
i=7+1

(20) (28i1 +48;1(Np — j) — H[i — j]48;1 (1 — j) (ZH) 3]1] (52)

Eq. can then be written in matrix form to utilize some linear algebra techniques.
a
[A]| | = [Fl¥pn + [Glwg/n +v (53)
On,

Eq. can now be solved by inverting matrix [A]. Note the definition [E] = [A] L.
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b
| = BIFY s+ BNk + (Bl (54)
On,

And the subcomponents of [E] are defined as

[E]=] (55)
BNP

Since the modified Euler’s equation, Eq. (36]), has 0, terms, it is more convenient to use the expression

for Hz as )
0; = e] [Flip/n + ] [Glogy + €] v (56)

The next step in the back substitution method is to analytically substitute Eq. ((56|) into the translational
and rotational EOMs. Performing this substitution for translation yields:

Ny, Np
maci i — mec[&lpn + | 2 CIN, = k] + Ddmpdpalel [Flign + el [Glay + el v] |
i=1 k=1
Np i
= For — 2msc[@p)n ] — msc[@p)n][@p/n]e Z [( Z ) —i] + 1)dmp§i,1] (57)

Combining like terms yields:

{msc ngg +Zp [Z —ki +1)dmpsk3] [F]}TB/N
=1 =1
{ msc + zp: [Z - k + 1>dmp3k 3] [G]}wB/N

= Fo — 2macl )¢l —msc[wB/N][wB/Nc—E[(Zek) Ny = i) + 1)dmp3i,1 |

1=
Ny N

B Z [Z(Z[Np - k] + 1)dmp§k’3eiTv] (58)

i=1 k=i
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Substitution into the rotational equation of motion:

NP NP
maclelipn + selomn + Y, | 2 Uoadha + [[Fs/]
=1 k=i

+ > Q[fsn/B]]mpdék,s)[eiT[F 175/n + €] [Glagn + 6?”]] = —[@p/n][Ise, Blws/n — [Lsc Blws/n

Np

Np 1
- Z <mp (W5 75,817,/ + (Z > [ Ts,/B] + Z 2[7:5n/3]]mpd§i,1
=1

k=1 n=i+1

+ 131,72( Z Qk) [‘:‘}B/N]gi,2> + Lp (59)
k=1

And combining like terms yields:

{msc + % [Z I 2812 + [ [Ps,/B] + % 2[fsn/B]]mpd§k,3)€iT[F]] }fB/N

n=k+1

Np NP NP
+{[ISC,BHZ[Z(fsk,Qék,ﬁ[[fsk/gh > 2[fsn/31]mpdék,s>e?[a]]}ww

i=1 k=i nelk+1

Ny LN
@ sl — Heslosy — 3, (ml@andlsslrs s + ((30) |7,
k=1

Ny 7 Np Np
+ ) 2[fsn/B]]mpd§z',1 + Lo (D] 9k)[®B/N]~§i,2> +Lg— ) [Z(ISk,zgk,z
n=i+1 k=1 i=1 k=i
Np
+|[Fspl+ Y, 20, |mudsia)elv|  (60)
n=k+1
With the following definitions:
NP NP
[Aconted = D, | 232N — k] + 1)dmpsy s |l [F] (61)
i=1" k=i
Ny N,
[Beoniel = 3 | 232IN, = k] + Ddmpsys] el [G] (62)
i=1 k=i
Np i 9 Np Np
Utrans,contr = — Z [( Z Hk) (2[Np - 7‘] dmpsz 1] Z [Z ] 1)dmp§k,3€7,rv] (63)
i=1 k=1 o1 ki
NP NP NP
[Ceontr] = [ (Isy 28k,2 + [['F'Sk/B] + ) Z[fSn/B]]mpdék,B)]ezT[F] (64)
i=1 k=i n=k+1
NP NP NP
[Dcontr] = [ (Isk,ggk‘,Z + [['f‘Sk/B] + Z Q[fSn/B]]mpdgk,?))]ezT[G] (65)

i=1 k=i n=k+1
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Np Np

P2
[otcontr) = = 2 <mp[‘:’B/N][’;Si/B]rf9i/B + (Z 9) [[T‘N&/B] + ) 2[fsn/B]]ﬂ”Lpdéz';
i=1 k=1 n=i+1
i Np Np Np
+ 1, (Y] ek)[&B/N]gi,z) =D D abin + |[Fsyml + Y 2Fs, ]| mpdsis)|elv (66)
k=1 i=1 k=i n=k+1
The full back substitution matrices then become:
[A] = msc[I3x3] + [Acontr] (67)

[B] = —msc[€] + [Beontr] (68)

Vtrans = F' — 2msc [‘:’B/N]CI — Msc[@p/n][@WB/ar]€ + Vtrans,contr (69)
[C] = msc + [Ceontr] (70)

[D] = [ISC,B] + [Deontr] (71)

Vot = — [0/ [Ise.Blwp/n — [ Blwn/n + LB + Vrot,contr (72)

This produces the following simplified equations:

[A] [B] /’.;B/N _ | Vtrans
i toil[e] = o (73)
Solving the system-of-equations by

-1

wpin = (D1 = [CTNATB)  (wrot — [CILAT vtrans) (74)

75/ = [A]7 (Vtrans — [Blwp ) (75)
Now Eq. and can be used to solve for wp/yr and #p/y. Once these second order

state variables are solved for, Eq. (56]) can be used to directly solve for ;. This shows that the back
substitution method can work seamlessly for interconnected bodies.

2 Model Functions

This module is intended to be used an approximation to a flexing body attached to the spacecraft.
Examples include solar arrays, antennas, and other appended bodies that would exhibit flexing behavior.
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 0

e Adds energy and momentum contributions to the spacecraft
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3 Model Assumptions and Limitations

Below is a summary of the assumptions/limitations:

Is an approximation to a flexing body
Is developed in such a way that does not require constraints to be met

The hinged rigid bodies must have a diagonal inertia tensor with respect the S; frame as seen in
Figure[1]

Only linear spring and damping terms

The N hinged rigid body will always stay attached to the hub (the hinge does not have torque
limits)
The hinge does not have travel limits, therefore if the spring is not stiff enough it will unrealistically

travel through bounds such as running into the spacecraft hub

The EOMs are nonlinear equations of motion, therefore there can be inaccuracies (and divergence)
that result from integration. Having a time step of <= 0.10 sec is recommended, but this also
depends on the natural frequency of the system

4 Test Description and Success Criteria

This test is located in simulation/dynamics/nHingedRigidBodies/UnitTest/
test_nHingedRigidBodyStateEffector.py. In this integrated test there are two hinged rigid bodies
connected to the spacecraft hub, one with 4 interconnected panels and one with 3 interconnected
panels. Depending on the scenario, there are different success criteria. These are outlined in the
following subsections:

4.1

Gravity integrated test

In this test the simulation is placed into orbit around Earth with point gravity and has no damping in
the hinged rigid bodies. 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

4.2

No gravity integrated test

In this test, the spacecraft is placed in free space (no gravity) and has no damping in the hinged rigid
bodies. The following parameters describe the success criteria.

e Conservation of orbital angular momentum

e Conservation of orbital energy

e Conservation of rotational angular momentum

e Conservation of rotational energy
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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 can be seen in the test file. Additionally, the
error tolerances can be seen in Table 3

truth—value )
truth

Test Relative Tolerance
Energy and Momentum Conservation le-10

Table 3: Error Tolerance - Note: Relative Tolerance is abs(

6 Test Results

The following figures show the conservation of the quantities described in the success criteria for each
scenario. The conservation plots are all relative difference plots. All conservation plots show integration
error which is the desired result. In the python test these values are automatically checked therefore
when the tests pass, these values have all been confirmed to be conserved.

6.1 Gravity with no damping scenario
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6.2 No Gravity with no damping scenario
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7 User Guide

This section is to outline the steps needed to setup a N Hinged Rigid Body State Effector in python
using Basilisk.

1.

Import the nHingedRigidBodyStateEffector class:
from Basilisk.simulation import nHingedRigidBodyStateEffector

Create an instantiation of a N Hinged Rigid body:
effector] = nHingedRigidBodyStateEffector. NHingedRigidBodyStateEffector()

. Create an instantiation of the panel struct:

panel = nHingedRigidBodyStateEffector. HingedPanel()

. Define all physical parameters for a panel. For example:

IPntS_S = [[100.0, 0.0, 0.0], [0.0, 50.0, 0.0], [0.0, 0.0, 50.0]] Do this for all of the parameters for
the panel struct seen in the public variables in the .h file.

. Define the initial conditions of the states:

panel.thetalnit = 5*numpy.pi/180.0  panel.thetaDotlInit = 0.0

. Define a unique name for the states:

panel.nameOfThetaState = "nHingedRigidBodyThetas” panel.nameOfThetaDotState = "nHinged-
RigidBody ThetaDots"

. Finally, add the effector to your spacecraftPlus:

scObject.addStateEffector(unit TestSim.effectorl). See spacecraftPlus documentation on how to
set up a spacecraftPlus object.
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