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ABSTRACT

An analytical solution to generate attitude command profile for agile spacecraft is
proposed. In realistic environment, obtaining analytical minimum-time optimal solution is
very difficult because of following constraints—: 1) actuator saturation, 2) flexible mode
excitation, 3) uplink command bandwidth limit. For that reasons, this paper applies two
simplifications, an eigen-axis rotation and a finite—jerk approximated profile, to derive the
solution in an analytical manner. The resulting attitude profile can be used as a
feedforward or reference input to on-board attitude controller, and it can enhance spacecraft
agility. Equations of attitude command profile are derived in two general boundary
conditions: rest-to-rest maneuver and spin-to-spin maneuver. Simulation results
demonstrate that the mitial and final boundary conditions, in terms of time, attitude, and
angular velocities, are well satisfied with the proposed analytical solution. The derived
attitude command generation algorithm may be used to minimize a number of parameters to
be uploaded to spacecraft or to automate a sequence of attitude command generation
on-hoard.
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Fig. 1. Example of acceleration saturation
: Bang-bang
a(t) w(t)
ammr“
Wmax Frm i —————
[2) t3(=T)
ty t i
—Uax t1' t t3(=T)¢t

(a) Acceleration profile (b) Velocity profile

Fig. 2. Example of acceleration/velocity
saturation: Bang-off-bang
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Fig. 3. Infinite jerk profile
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Fig. 4. Finite jerk profile
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Fig. 10. Spin—-to—spin: Overall profile
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(a) Jerk profile
Fig. 11. Phase
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Fig. 12. Phase 1: Jerk bang-off-bang
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4.3.2.1 Phase 1: Jerk Bang-Bang C4J® a(t)
T "
A Zzude oS 2o Joeak ———— max - omim oo oo oo
0<t<t, alt)=—j,ut (36) ¢
261 =t< t27 a(t) :7apeak+jpeak(t7t1) s s ‘s
. “pear|
w(t) =w,— Jpeak: £ B o
2 (37 - - -
Jpea (a) Jerk profile  (b) Acceleration profile
wlt) =~ ap(t =) + 55— 0)° Fig. 13. Phase 3: Jerk bang-bang
0(t) = B+t — 2 a0 “©
() | -
Qpegk: 2 (F’ )
O(t)=0,+(t—t)— 12 (t—t,) (38) tmax
t
-] Jpeak t3 tyy 2% ts
+e (t—t,)?
4.3.2.2 Phase 1: Jerk Bang-off-Bang (:j:z")fff e by

AAEE ZRode v 2o
0<t<ty, alt)=—j .t

ty St <ty alt)=—a,, (39)
hy =T <t a(t) = Oy +jmax (titu)

olt) =y~ T
w(t):wu max(t 2511) (40)
J
w(t) = Wi T Gy (t— 2512)7L n;x (t— tu)
_ jmax 3
6(t) = 9()+w0t—Tt
a
0(t) =0, +w, (t—t,)— r121ax (t*tu)Z
a (41)
0(t) = 912+(t—t12)—%(t—t12)2
+ ]“g“‘ (t—t,)?

4.3.3 Phase 3: Spin-to-Rest, t= [t, ;]

71& 55 0HE A wR TEE spin-up T

ol FAE & ST 2rh
~ W,
6= —> (42)
Ws
7] MY AEE/A . BAZAE A2 ty(v]
A), wy=0, O;,(MA)eltt. HF A/ A&/ =
AAZAHL

z2ad YJH= HE AEE A7) wol we
F 7R 2 UH o (Figs. 133} 14). Phase 13} dtb
g A AE5E & F Uk

z29d FegE AdAst= 7|5 45 = (criterion)

(a) Jerk profile  (b) Acceleration profile
Fig. 14. Phase 3: Jerk bang-off-bang
= s 2o
wrﬁ = amaxtl (43)

2 = 2~
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w7t waE T AW A A bang-off-
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4.3.3.1 Phase 3: Jerk Bang-Bang
A E 22y thgi g
bty <t <ty alt)=j,.(t—ts)

. 44
264 =t< t~37 a’(t) :apeaki.]peak(tit'-i) ( )
_ jpeak 2
w(t) =w; + 5 (t—t,)
i (45)
w( )_w4+apmk(t7t4) - T’;”k (t7t4)2
_ jpeak 3
0(t) = 03 +w,(t—1t,) + (t—t;)
Apeak;
0(t) = 0, +w,(t—t,) + f;"(t—t4)2 (46)

jpeak 2
— t—t
< (1—1,)

4.3.3.2 Phase 3: Jerk Bang-off-Bang
AAEE e g g
t3 = t<t417 ( ) .]max (titd)

ty St <ty alt)=a,, (47)
typ < t<t57 ( ) xijmax(titf-u)
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5.2 Rest-to—Rest Maneuver

Rest-to-rest 7] &l tlal AAEHS Bk
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Al #3344 A(finite jerk)E AFEEIEA A EE
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Table 1. Simulation conditions
Parameters Values Units
Max. Acceleration 0.8 | deg/s®
Max. Ang. Vel. 25 | deg/s
Max. Jerk 0.8 | deg/s®
Rising time to Max.
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Att. Cmd. Samp. Freq. 011 s
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Infinite jerk: Closed-loop torque
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(a) Closed-loop trq. cmd.
Fig. 16.
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08 7 \ 25 3 Phase 1 (2 sec)
/ e I S Y Phase 2 (7.3 sec)
/ \ . D = Phase 3 (2.7 sec)
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(a) Acceleration cmd. (b) Velocity cmd. A
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Fig. 18. Rest-to-rest: 1-axis command 42 s 10 15
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— 3 — — i
g B> initial condition (a) Attitude command
=4 <« final condition
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Fig. 19. Rest-to-rest: 3-axis command
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5.3 Spin-to—-Spin Maneuver

Spin-to-spin 7]l 3l X}"ﬂ“é%‘é A3 3 <k
ot} %7)/HF AAE 5243 et} ow 2z
EEE =00, —0.06,00"/s, w= [o —1.3,0]°/s =
A ) EAZEe 152, A 322
AAQsa 7N N1ex2d e Table 12 2 &30
Fig. 20 AAE A4 2 2%% 932 Jepd
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WSSt A4S & 4 Uk Wﬂ]tﬂi spin—-down,

rest—-to-rest, spin—up, stabilization 543 4y
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(b) Angular velocity command
Fig. 20. Spin—-to—spin attitude command
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(b) Angular velocity command

Fig. 21. Spin-to-spin attitude command with
time adjustment at Phase 4
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