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CTIVE control has recently been developed as a method to

isolate a spacecraft from the launch vehicle in effort to
overcome the following drawbacks of a passive octostrut platform
found in [1]: 1) the low frequency resonances introduced into the
system; 2) the conflict between lower isolation frequency and
stiffness high enough to limit quasi-static stroke and avoid possible
collision between the spacecraft and fairing; and 3) different
requirements in stiffness for different directions. An active octostrut
isolation platform as shown in Fig. 1 is proposed, and widely used
pneumatic springs [2] are used as its active actuators for their
cleanness and long stroke. The payload selected for this research is a
rigid body because the first natural frequency is usually fairly high for
many small spacecraft. Different from centralized, overlapped, or
decentralized control strategies [3-5], a grouped control strategy
based on minimal two-norm redundancy solution is adopted after a
careful study of the inherent characteristics of the octostrut platform.

Introduction

II. System Modeling

Two Cartesian coordinate systems, o,x,y,z, for the payload
and o,x,y,z, for the base, are established at the centers of the
two connection joint planes. The generalized displacements of the
base are x, =|[z,¥,X,B,Y»2;], and those of the payload are
x, = [z,¥:x,B:y.,). The generalized forces acting on the payload are

fi=m il
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The platform has eight struts and eight valves, and by assuming all
the struts and valves have the same characteristics, we can model
them by

p=ku—w,p—A"'k, (1)
where u is the control input vector, p is the pressure in the pneumatic
chamber, &, is the gain coefficient matrix, ), is the corner frequency
of the pneumatic spring, A is the effective section area of the
pneumatic spring, k,, is the pneumatic spring stiffness, and / is the
length of the strut. Strut force f consists of mechanical spring force,
damping force, and pneumatic force, and it can be expressed as

fi=KAl +Ci + Ap Q)

Al = thb —+ tht (3)
where K is the stiffness matrix, C is the damping force coefficient
matrix, L, is the gain matrix of Al over x,,, L, is the gain matrix of
Al over x,, x,, is the generalized displacement of the base, and x, is
the generalized displacement of the payload.

The eight struts provide the payload with the following
generalized force f,:

fi=FEf,
of
F =
af
fc3 fc3 fc3 fr3 fc3 fc3 fc3 f(:3
fcﬁ _fzrﬁ fz?ﬁ _fc6 fz?6 _fr() fc6 _fc()
— f(:l ch _fc2 _fcl _fr] _fc2 ch f(:l
ch fcl fz?l fc2 _.fCZ _frl _fcl _f02
_f c4 _f c5 _f c5 _f c4 f c4 f c5 f c5 f c4
f c5 f c4 _f c4 _j ‘05 _.f c5 _j ‘04 j ‘04 f 5
(C))

The following are the expressions of elements in matrix F:

r, cos 6, — r,cos 6,
—— fa=
ly
¥ hr, sin 6,
4 =7 >
o
farisint, — for,cos b,
ly

r,sin6, — r,sin 6,
I
__hr,cos 6,
c5 l()

fclz

h
fcg—E,

fc()=

where the parameters r,, r,, 6,, and 6, are as shown in Fig. 1, & is the
height difference of upper and lower joint planes, and [, is the initial
length of the strut.

The kinetic equation of the payload is

[+ f =My, 5)

where M is the inertia matrix and f is the disturbance force vector.
By combining Egs. (1-5) together and denoting

D (s) =Ms* + Mo, + FCL)s* + F(k,I + »,C + K)L,s
+w,FKL,
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Fig. 1 Mechanical structure of an octostrut platform.

and
N (s) = FCL,s* + F(k,I + ,C + K)L;s + v, FKL,
the complete model can be established as
D (s)x, = N(s)x, + Ak Fu + (s + wp) f (6)

Calculations show that both D(s) and N(s) have the same
structure of

wherein the asterisks represent nonzero elements. It means that the
passive isolation system could be divided into four uncoupled
subgroups: z,/z, as subgroup 1, y,/y,, as subgroup 2, x, and j, over
x;, and B, as subgroup 3, and y, and ¢, over y, and ¢, as subgroup 4.
This results from the symmetrical structure of the octostrut platform.

III. Design of Controller

The design of a controller as shown in Fig. 2 starts with a
redundancy solution followed by stiffness control and trans-
missibility control. After converting the stiffness increment matrix
into a strut length feedback gain matrix, strut length can be used in
stiffness control instead of generalized displacements. According to
the way of decomposing the passive isolation system, trans-
missibility control is divided into four uncoupled subgroups.

While it is assumed that # is the generalized control input and u, is
the real control input, the equation

Ak\Fu, =u @)

holds, and its minimal two-norm solution is

u, = A"k 'Bi 8)
where
g
Transmissibility | /2, control l—»
Control

| %/ 7y control |—>
| x &P,/ x,& 3, control |—>
| & ! yn&aty control |_>

v
[ 0 1 K Redundancy Strut Length E
! [Stiffness Increment R !
' Solution Feedback Gain K| % '

Fig. 2 Block diagram of the controller.
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Fig. 3 z, transmissibility and receptiveness.
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and the elements in matrix B are
Iy Iy —lysin 6,
. Y N L L .
' 8h 27 8ryr,sin(8, — 6,) >~ 4r, sin(6, — 0))
Iy cos 6, _ ly(r,sin6, —r,sin6,)

by=—""7 be =
* 7 4r,sin(6, — 6,)° 7 4hr,r, sin(0, — 6)

by — —ly(ry cos 6, — r,cos 6,)
o7 4hrr,sin(6, - 6,)

While it is assumed that AK is the stiffness increment and K is
the strut length feedback gain matrix, the following equation holds:

wy'K,L, = AK (10)

Because L, is dual with F, i.e., L, = F7, the solution for Eq. (10) is
then

K, =w,AKB” (11)

Because the highest order of the D(s) matrix is 3, # can be
constructed as

i=-Kx — K, (12)
4
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Fig. 4 Transmissibility of x, and B, over x, and S,.
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Fig. 5 Dynamic receptiveness of x, and B, over f, and 7.
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Fig. 6 z, responses under z; excitation.

where K, is the payload velocity feedback gain matrix and K,, is the
payload acceleration feedback gain matrix.

The structures selected for AK, K,, and K, are the same as the
structure of D(s) and N(s), and so the closed-loop system can still be
divided into four uncoupled subsystems. The determination of K,
and K, is thus greatly simplified.

The passive and active transmissibility of z, over z;, and the direct
dynamic receptance of payload are as shown in Fig. 3. It can be seen
from them that active control eliminates the resonance of the passive
system and makes the isolation frequency in the z, direction of the
passive system decrease from above 6 Hz to less than 0.1 Hz, and it
reduces the steady-state receptiveness to 1/3 of the passive one,
which means an increase in stiffness up to 3 times.

The transmissibility and dynamic receptiveness of subgroup 3 are
shown in Figs. 4 and 5 respectively. It can be seen from them that,
with active control, the whole transmissibility is less than 1 and the
isolation frequencies are much lower than those of passive case; and
different from that in the z, direction, the stiffness increases up to
about 5 times here, which means that active control can meet
different stiffness requirements in different directions.

J. SPACECRAFT, VOL. 43, NO. 5:

ENGINEERING NOTES

— Passive
0.8 --- Active
E
2 0.6
g
a 0.4
w2
I
7028 00 TTTTTTmmmmmsmmmsmsmmm--oo-]
ot .
0 1 2 3 4 5

Time (s)
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Time domain simulations are made to verify the effectiveness of
the controller. The responses of z, under z,, excitation of 0.001 mm
and 6 Hz, both with and without control, are as shown in Fig. 6, and
those under unit force excitation acting on the upper plate are shown
in Fig. 7. It can be seen from Fig. 6 that the active responses of the
payload drop even below excitation input, which means passive
resonances are eliminated and the isolation band is broaden by active
control. It can be seen from Fig. 7 that the stiffness in z, increases up
to about 3 times the passive one, and the damping ratio is better.

IV. Conclusion

It can be concluded from the preceding theoretical analyses and
simulation results that high steady stiffness and lower isolation
frequency can be simultaneously acheived by active control because
1) an analytical minimal norm redundancy has been identified;
2) steady stiffness can be increased greatly by strut length feedback;
3) resonance peaks can be eliminated and the isolation frequencies
can be reduced significantly by payload velocity and acceleration
feedback; and 4) grouped control strategy proposed in accordance
with the characteristics of the system simplifies the design of a
controller without sacrificing its control performance.
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