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Auto-Attitude Stabilization of a Twin-Satellite
System Through Very Short Tethers

Krishna Kumar* and K. D. Kumar®
Indian Institute of Technology, Kanpur 208016, India

The feasibility of achieving passive satellite pitching stabilization through flexible tethers is explored. A twin-
satellite platform system comprising two spacecraft halves suitably connected through two pairs of very short
tethers is proposed for this purpose. The Lagrangian formulation approach is utilized to develop the governing
system of nonlinear ordinary differential equations for the constrained system. These equations are numerically
solved along with the equations of constraint. The pitching response characteristics observed establish the strong
auto-attitude-stabilizationfeatures of the proposed tethered system. The analysis of the first-order attitude pertur-
bation equations for motion-in-the-small around the nominal equilibrium configuration enables prediction of the
lower limits of the tether length and offset requirements for stability. These limits may serve as useful guidelines

for preliminary system design.

Nomenclature
a =a, ord, whena, = a,
Aer = critical dimensionlesstether offsets
a; = tether offsets for satellite i, m (Fig. 1)
&i = ai/ Lref
C = dimensionless tethered satellite system rigidity
parameter, E A/ (my L.:Q?)
EA = tether modulus of rigidity, N
f = satellite mass ratio, m/ m,
g = satellite moment of inertia ratio, I,/ I,
I, = principal moments of inertia about k; axis,
k =x,y, z, for satellite i, kg-m?
I, =1, orl, whenl, =1,
I, = mass distribution parameter for satellite ,
(I',- - Iz,-)/ Ix,-
L = distance between two satellite mass centers, m
L, = value of L at equilibrium, i.e., when
a=0=F=0m
L;; = stretched tether lengths, m
Lijo = unstretched tether lengths, m
Lo = reference length, (I,,/ m»)"?, m
Lo = common unstretched tether lengths L;;o, the offsets
being equal, m
L, = L when tether strains are zero, (L% —a*)"/?, m
l = L/ Lref
lij = Lij/ Lyt
lijO = LijO/ Lot
Lio = Lo/ Lyt
(L0)er = critical dimensionless tether length
Iy = Lo/ Lyt
Iy =l'at0=0
m; = mass of satellite i, kg
R = orbital radius, m
T = kinetic energy of the system, N-m
t = time, s
U(E,'j) =1f0r€,-j20and0f0r€,-j< 0
= potential energy of the system, N-m
Xi, ¥i,2i = body coordinate axes for satellite i (Fig. 1)
X0, Yo, 2o = coordinate axes in the local vertical frame (Fig. 1)
o = pitch angle for satellite i, deg (Fig. 1)
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Ao =o; at 0 = 0, deg

o =oj at 6 =0, deg

B = angle denoting relative swing between the two
satellite platforms, deg (Fig. 1)

Bo =fat0=0,deg

) =" at 6 =0, deg

8(-) = perturbed variables ()

€ = strain in the jth tether attached to satellite i at its
offset point A;; (Fig. 1)

0 = true anomaly as measured from the reference line
(Fig. 1)

Aij = Lagrange multipliers

u = Earth’s gravitational constant, m*/s>

Q = angular velocity, (u/ R*)"?2

) =d(-)/ dt

) =d(-)/do

()i = (-) forsatellite i,i = 1,2

(+)ij = (-) for jth tether attached to satellite i at its offset
point A;;, 1, j = 1,2 (Fig. 1)

[ () lmax = maximum amplitudes of (-)

Introduction

HE proposal of a Space Shuttle-borne skyhook put forward by

Colombo et al.! marks the advent of tethered satellite systems
(TSS). Satellite attitude stabilization represents one of the several
new space applications proposed for the TSS.>? Initially, the ef-
forts focused on achieving passive satellite attitude control through
judicious TSS design.** However, the emphasis later changed to
the use of feedback control by regulating tether tension or offsets
alone or in combination with established active control devices5~°
More recently, Kumar et al.,'” Kumar,'! and Kumar and Kumar'?'3
established the feasibility of utilizing a pair of identical tethers to
deploy a small pendulum-like auxiliary mass to ensure nearly pas-
sive pointing stability for desired arbitrary satellite orientation. The
TSS mechanism suggested earlier was found to be quite effective
and was successfulin bringing down the librational amplitudeseven
for satellites with adverse mass distribution. However, for stability
and adequate attitude response characteristics, this tethered system
involved problems of large tether lengths needed (~5 km), as well
asits associated weight penalty along with that of the auxiliary mass
attached.

To overcome these limitations, it is proposed here to split the
spacecraftinto halves and suitably connect them through tethers so
that each half takes up the role of auxiliary mass for stabilizing the
other. Thus, the TSS suggested here (Fig. 1) is composed of the two
spacecraft halves connected through very short tethers. The pair of
identical tethers originating from the center of mass of each of the
two satellites terminates at the other satellite at points located on
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Fig. 1 Geometry of tethered-twin-satellite system.

its principal roll axis symmetrically offset around the mass center.
We therefore propose to explore the feasibility of ensuring simul-
taneous stabilization of the twin-satellite system by judicious TSS
design. This study gains added significance in the context of fail-
ures of some experimental TSS missions recently undertaken,'~17
underscoring the need for shorter and stronger tethers for greater
mission reliability.

The Lagrangian formulation approach using Lagrange multipli-
ers has been adopted to obtain the governingequations of motion for
the constrained system. Subsequently, a first-order pitching pertur-
bation stability analysisis undertakento determine the necessary de-
sign limits on system parameters. Finally, for a detailed assessment
of the pitching response characteristics, the set of exact governing
equations of motion is numerically integrated.

Formulation

The investigationis initiated by formulating the equations of mo-
tion of the proposed TSS moving in a circular orbit. The short ex-
tensible tethers connecting the two satellite platforms, made of a
light material such as Kevlar®, are assumed to have negligiblemass.
Consequently, the transverse vibrations are ignored. For exploring
the general feasibility of the concept, the case involving in-plane
angular motion has been investigated.

The coordinate frame S—x(Yyozo represents the orbital reference
frame. Here, the y, axis always points along the local vertical, the x
axis is taken along normal to the orbital plane, and the z, axis taken
alongthelocal horizontaldirectioncompletesthe right-handedtriad.
The coordinate axes S;—x;y;z; and S,—x,y,2, are taken along the
three centroidal principal axes of satellites 1 and 2, respectively.
The angles that the in-plane y; and y, axes make with the y, axis
define the two pitching angles o and o, respectively. The angle 8
describes the relative swing between the two platforms. The length
L representsthe distance joining the two satellite mass centers. The
pitch variables oy, o, and 3, the length L, and the tether strains €,
€12, 61, and €, constitute the chosen set of generalized coordinates
in the present formulation. These variables are, however, subject to
the following four constraints:

1
fii = Lijp(1 + €) — [a} + L* + (—1)/2a; L sin(o; — B)]* =0

Lj=12 (1)

To apply the Lagrangianapproach for the formulation of the equa-

tions of motion, the expressions for the system kinetic energy 7 as
well as the potential energy V are first obtained:

1 . 1 mz . . .
T=- 0°R> + = L>+ L*6 2
2(mlerz) +2<1+1/f>[ + L7 (0+ B)°]
1 .,
+5h1(0+a1) +5h2(0+az) 2

2
|
v=>Y (—%m,. + Z%{(lx,. + 1, +1,)

i=1

1| u m
—3[1x,- + (Iz,' - Iy,.)COS2OC,':|}) + 5[?(1 + i/f)

2 2
x(1—3cos? B)L2+EAY. Y L,.,Oeij(e,-,)} 3)

i=1j=1

The term U(€;;) in the potential energy expression is simply a
unit function, the use of which precludes any negative strain in
the tether.!$

The Lagrangianequationsof motion correspondingto the various
generalized coordinatesindicated earlier may be obtained using the
general relation

d (oT aT  8U L& of
—_f — —_—— —_— ﬂ,['_u, ', :1,2
dt(@c}) 57 g 0+2 2. i5q b

i=1j=1

where ¢ = the generalized coordinate, O = the generalized force
corresponding to the generalized coordinate g, and A;; = Lagrange
multipliers corresponding to the constraints as indicated in Eq. (1).

Substituting the generalized coordinates in the preceding equa-
tions and carrying out the algebraic manipulation and nondimen-
sionalization, we get the governing differential equations of motion
in the dimensionless form as follows:

o — 31, sin oy cos ay

+a[(Maf L) — (A L))l cos(oy — B) =0 “)
o) — 31, sino, cos a,

+ ga,[(An! 1yy) — (1] L)1l cos(a, — B) = 0 5)
B’ +3sinBcos B+ 2(1+ BHU'1 1)

— (1 + 1V H{a[( A2 Ln) — (A L)) ] cos(ay — B)

+ a5[(Aaa/ 122) — (Aa1/ )] cos(ar — B)}(1/ 1) =0 6)
I"—=[(1+ B = (1 =3cos’ B)Il

+ (14 1/ H[(A1! L) + (Mol L) + (Aar! by) + (Al 1o)]

+ 1+ 1 H{a[(Maf L) — (Mi/ 111)]sin(ay — B)

+ay[(A2a/ 1) — (May/ L)1 sin(op — B)} =0 7

EA
Aij = | ———= Je;U(€)),
! (mZLrefgz> ! ( J)

Note that, the constraints being linear in tether strains €, it has
been possible to obtain explicitexpressionsfor the Lagrange multi-
pliers. This fact leads to considerable simplification in the process
of numerical integration, as elaborated later.

The preceding set of nonlinear and coupled equations is quite
complex and does not seem to be amenable to analytical treatment
for solution. Itis therefore proposedto undertake the first-order per-
turbation stability analysis to develop design guidelines for system
stability.

Lj=12 ®)
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Stability Analysis
For stability analysis, we obtain from the governing equations
of motion the first-order perturbation equations for motion-in-the-
small around the nominal system equilibrium configuration. For
convenience of practical implementation, we also take the tether
offsets a; and a, to be equal so that

ag=d,=a

In view of the finite tensions always present in the tethers in the
nominal equilibrium configuration and also during the motion-in-

the-small, the unit function
Uey) =1, i,j=12

Using the preceding substitutions and neglecting second- and
higher-order terms in the perturbed variables, we get the follow-
ing linearized equations of motion:

day + C16ay + C,8 =0, doty + C300 + C40B =0
8B" + Cséoy + Cebo + C,88 + Cy8l' =0 )
A"+ Cydl + C1yB’ =0
where
C, =-3I, —C,,

C,=—2Ca% 1, Cy=-31,—gC,

Cy =g, Cs=Cs=—2(1+ 1/ f)Ca* I},
C; =3+ (1+1/f)4Ca’/ I}, Cy =2/ 1
Co==3+4(1+1/f)C/ Ly, Cyg = =2l

The characteristic equation for the system now takes the form
(S2+C)(S* + C3)[(S? + C7) (8* + Co) — S2CC o]

— CiCo(S?+C1) (8% + Cy) — CoC5(S? + C5) (S 4 Co) =0
(10)
For a conservative analysis, we consider the situation of the inher-

ently most unstable mass distributions for the two satellites around
their respective mass centers. For such systems, we therefore take

L,=1,=1

Besides, an order-of-magnitudeanalysis of the various coefficients
in the characteristic equation shows that the term CgC(S? present
before can beignored without significantly affecting the eigenvalues
of the system. With a view to facilitating development of stability
conditionsin neatanalytical form, we sacrifice rigor by treating only
the particularcase when g = 1. Consequently, the system character-
istic equation simplifies to

(S2+C1) (S + Co)[$* + (C1 + C1)S? +(C1C7 = 2C2C5) | =0
an
The conditions for system stability can now be stated as
Cy,Co> 0, (Ci+Cy)>0, (C1C; —2C,C5)> 0
(12)

On substituting the expressions for the various parameters in the
preceding inequalities, the approximate conditions for stability can
be summarized as follows:

(2Ca%3) > 1o > [2(1+ 1/ )]?
C> 3o/ [4(1 + 1/ )] (13)

a> [3lo/ QO [1 =201+ 1/ f)/ 1,20]7%

Results and Discussion

With a view to assessing the effectiveness for stabilization of the
two satellites through the proposed tether attachments, the detailed
system response is numerically simulated using Egs. (1) and (4-8).
For known starting values of variables a;, o, 8, and [ at each step

of numerical integration, we first solve for tether strains €; using
the constraint relations (1) rewritten in explicit form as follows:

ij=12
(14)

The substitution of these tether strains in Eqs. (8) enables determi-
nation of the four Lagrange multipliers 4;;. The values of the tether
strains and the Lagrange multipliers thus explicitly available are
utilized to compute the new values of the variables at the end of
the step through numerical integration of the set of the differential
equations (4-7). The integration is based on NAG routine DO2CBF
using the variable-step Adams method.

Two different classes of system models are considered for the
simulation: In class 1, the system is composed of two identical
satellites connected by tethers, and hence

f=0m/m, =1, 8= (I.’CI/I-’CZ) =1,

There is no restriction on the size of the satellites or their mass dis-
tributions,however. In class 2, the system satellites are not identical,
i.e., f and/or g may not necessarily be equal to 1. Similarly, mass
distribution parameters for the two satellites may or may not be the
same. For illustration, a particular case has been considered with
the parameters values as follows:

f=2, g§=>5

1
&; = [a? + 1> + (=1)/24;1 sin(a; — B)]*/ lijo — 1,

Several typical combinations of dimensionless parameters are
considered for the presentation of attitude response simulation re-
sults. Of the various parameters influencing the system attitude be-
havior, the parameter C may be of special significance. The values
of this parameter are dependenton the tether rigidity modulus E A,
the first satellite platform moment of inertia /,,, the second satel-
lite platform mass m,, and the orbital angular velocity Q. For a
near-Earth satellite, its practical values, assuming thin tethers and
feasible twin-satellite systems, may range from, e.g., 10° to 10°.
For the geosynchronousorbits, the corresponding parameter values
would be higher, e.g., in the range from 10° to 10'!. Evidently, the
larger values signify systems with greater overall relative rigidity.
That is why the parameter C has been referred to as the TSS rigidity
parameter in the present investigation.

In the particularcase of systems employing massless rigid rods as
tethers, the resulting librationalbehaviorhas been thoroughlyinves-
tigatedin the past. Here, the assumedinitial pitchangle and pitchrate
disturbances in the three librational degrees of freedom o, o, and
B would necessarilybe identical, and so would be the subsequentat-
tituderesponse. For the tether lengths above the minimum predicted
from the rigid system stability criterion, the librational response to
even significant initial pitch momentum disturbances was found to
have ratherlow amplitudes. The system attitude behavior was found
to improve further with an increase in the tether length chosen.

In the present investigation, attention is focused on flexible sys-
tems wherein the three initial pitch angles and/or their rates, as well
as their values at any subsequent point of time, can be, in general,
quite different. For simulating the response, the initial values of
pitching angles a,, ong, and By are taken to be zero, whereas their
corresponding initial rates aj,, ,,, and B are assumed to have
arbitrary values.

Figure 2 shows the effect of the nature of initial pitching rates
on the librational response for class 1 and 2 satellite systems. Inter-
estingly, regardless of the nature of pitching rates, the amplitude of
motion remains remarkably low in all cases. This may be attributed
to the generation of control moments through differential changes
in tether tensions as a result of satellite attitude drifts. In general, the
presence of pitch rate disturbances ) leads to significantly larger
librational amplitudes. In situations with three initial pitch rates dif-
fering significantly, the two satellite librational pitch characteristics
may be quite different.

Figure 3 presents the response plots showing the effect of the
two satellite mass distribution parameters /., and /,, on satellite li-
brational response. These plots clearly establish the importance of
the proposed tether attachments, which effectively limit the system
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CLASS -1 SYSTEM
(t=g=1)

CLASS - 2 SYSTEM
(f=2,g=5)
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Fig. 2 Response plots showing influence of nature of pitching rates on
pitch response; C =104, 1, = 1,1y = 5,2 = 0.1, and a;y = By = 0: ——,

oy =001, 0 = By =1y = 0;and -+, &} = o)y = B) = 0.01,1 =0.

CLASS - 1 SYSTEM CLASS - 2 SYSTEM
(f=g=1) (f=2,g=5)
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Fig. 3 Typical system pitch response as affected by the two satellite
mass distributions; C = 104, 1,y = 5,2 = 0.1, ojp = 3 = 0, o, =0.01,and
=8, =1 =0: I, =15, I, =0;and ——— I, =—1.

librational amplitudes to much lower values. Even for the inher-
ently most unstable satellite configurations, librational amplitudes
are practically the same as those for other stable or unstable combi-
nations. The effect of the most adverse satellite mass distributionis
oneof only slightly enhancedoscillationamplitudes. This result was
notunexpected,however, as the stabilizingdifferentialtethertension
moment simply overwhelms the weak gravity gradient moments.
The choice of dimensionless tether length parameteris rather im-
portant and can have a significant effect on response (Fig. 4). The
case [, =2 is of particularinterest as, according to the stability cri-
teria here, it represents the case of instability for the system of class
1 and the case of stable librations for that of class 2. The response for
class2isfoundto be stable, whereas thatfor class 1 shows instability

CLASS - 1 SYSTEM CLASS - 2 SYSTEM
(f=g=1) (f=2,g=5)

-0.2
0 1 2 3 4 5 6 0 1 2 3 4 5 6

ORBITS ORBITS
Fig. 4 Typical system pitch response as influenced by tether lengths;
C=10%1,=1,a=0.1, 04 = By = 0, /)y =0.01,and oy = 3, =1, = 0:
sl =25, Iy =2.5;and ——— [ =5.

1200
o, B¢ T e=100

ORBITS

Fig. 5 Typical system pitch response as affected by the TSS rigidity
parameter C; I, = 1,1y = 5,2 =0.1, ajp = By = 0, o/lo =0.01, and o/20 =
By=ly=0:—— ;- ,az; and ——= (.

as expected in the presence of finite initial disturbances. Taking
l,o to be higher, e.g., 2.5, which is well above the critical length
for class 1 and 2 systems, ensures librational stability in all cases
considered. A further increase in length leads to only a marginal
improvement in satellite attitude behavior with reduced oscillation
amplitudes.

It is now proposed to examine the effect of the choice of the TSS
rigidity parameter value on system dynamics. The detailed simu-
lation shows that, for C =700, a value below its minimum/critical
value of 750 as predicted by stability analysis, the system does
indeed show unstable behavior (Fig. 5). For the more realistic and
feasiblehighervalue C = 10%, the system becomes stable with fairly
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Table 1 Minimum tether length requirements for various twin-satellite systems (C = 10* and & = 0.1)

Class 1 Class 2
Light- Medium- Heavy- Lightweight— Shuttle-
System weight weight weight medium-weight satellite
data satellites satellites satellites combinations system
mi, kg 500 1000 149.8 x 10 1000 149.8 x 10
my, kg 500 1000 149.8 x 10 500 74.9 x 107
I, kg m? 100 500 1.32 x 107 500 1.32 x 107
I,, kg m? 100 500 1.32 x 107 100 2.64 x 10°
I,,, kg m? 315 1000 9.98 x 107 315 9.98 x 107
I,,, kg m? 315 1000 9.98 x 107 100 6.63 x 10°
I, , kg m? 215 500 9.60 x 107 500 9.60 x 107
I,, kg m? 215 500 9.60 x 107 215 5.56 x 10°
I, 1.0 1.0 0.3 1.0 0.3
I, 1.0 1.0 0.3 1.0 0.3
Lyer, m 0.45 0.71 9.39 1.00 13.28
(L0)min, m 0.9 1.5 19.0 2.0 23.0
0.11
| allmax
| OLZImax
(deg)
0.1
-1
0 L I
-0.1 -0.05 0 0.05 0.1 05
/ »
Uy !
— Lo 04
%1' max 03|
[Wo ! -
lo,l 2'max
1 S
o, (deg)
2'max 01}
(deg) I
0
0 1
1
0 n 1 I
-0.1 -0.05 0 0.05 0.1
Gy IOCIImax 0614 003
®la.=0.
Fig. 6 System plots showing the influence of the nature of initial pitch- Loyl max o
\
ing rates on librational response for class 1 satellite systems (f =g = 1); (deg) 04}
C= 104’Ir = lyltO = Syh = 0'19 and i = /60 = /66 =li) =0: — Ial Imaxy 0.2
and ———, Iazlmax-
0 n I
0 0.02 0.04 a 0.06 0.08 0.1

modest amplitudes of pitching oscillations. In general, the three li-
brationalangles oy, o, and 8 appearto maintain their separateentity
with large differencesin phase anglesas well as in amplitudes. Thus,
in effect, the attitude response appears to correspond to a flexible
system. In general, an increasein the value of C leads to a significant
reductionin librational amplitudes. Its otherimportant consequence
is the one of the three librational responses approaching each other
with time. The larger the value of C, the closer and faster they get to
each other. These trends are particularly significant in initial stages
in cases when the initial pitching disturbances in the three libra-
tional degrees of freedom are widely different. Thus, for very high
values of C, the three responses appear to merge throughout,imply-
ing virtually a rigid system behavior. When the three initial pitching
rates are equal, the consequent pitching responses may appear to be
practically identical even for low values of C.

The preceding results bring out the powerful auto-attitude-
stabilization features of twin-satellite systems. Although these fea-
tures are equally valid for classes 1 and 2, we focus our attention
on the particular case of a class 1 system with flexible tethers for
in-depth attitude response studies. The vast amount of response in-
formation generated over a wide range of design parameters is sum-
marized in the form of system plots (Figs. 6 and 7). The importance
of these plots cannot be overemphasized as these facilitate a ju-
dicious choice of the various system parameters at a preliminary
design stage. Figure 6 shows the effect of varying initial pitching
rates on maximum satellite librational amplitudes. Note that, even

a

Fig. 7 System plotsshowingtheinfluence of various design parameters
on librational response for class 1 satellite systems (g = f = 1); C = 10*,
aijo = By =0, o)y = 0.01,and oy = B, =) = 0: ——, |1 [max, and ———,
|a2 Imax-

for relatively large initial disturbances of, e.g., 0.05 in the satel-
lite pitch rates, the amplitudes of motion are merely fractions of
a degree. For disturbances of much smaller magnitudes, normally
expected in practical situations, the satellite attitude drifts may be
much lower and well within acceptable limits.

Figure 7 presents the effect of varying mass distribution param-
eters, tether lengths, and tether offsets. The oscillation amplitudes
remain fairly low throughout regardless of the mass distributions.
A slight increase in amplitudes is observed as the individual plat-
form mass distributions change from the most stable to most unsta-
ble gravity gradientconfigurations. In effect, the tether attachments
enable the system to practically do away with mass distribution
constraints altogether. In contrast, the dimensionless tether lengths
have a rather significant effect on response, and hence these must
be judiciouslychosen so as to ensure desirable system attitude char-
acteristics. A choice of [,y slightly greater than the critical length
(li0)er = 2, as predicted from Eq. (13), is normally adequate for
acceptablelibrationalresponse. Increasinglengths furtherresults in
only a marginal improvement in system attitude performance.
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Figure 7 also shows the influence of dimensionless tether off-
sets on satellite attitude performance. It is only when the tether
offsets chosen are very low that the librational amplitudes may be
relatively large and unacceptable. Below the critical tether offset,
a. = 0.03, as predicted by the stability analysis for the system un-
der consideration, the system indeed becomes unstable. The tether
offsets well above the critical value, however, have little effect on
librational amplitudes. For the system under consideration, the off-
sets on the order of a fraction of a meter may be adequate for the TSS
design.

The information concerning the minimum tether length needed
for pointing stability of various satellite combinations is presented
in Table 1, which covers practically all possible bisatellite platform
configurationscomposedof a light-, medium-, or heavyweightsatel-
lite tethered to a similar satellite or to the one with very different
mass and inertia properties. In general, the tether lengths required
increase with increasein size of the two satellites. Very shorttethers,
no longer than 20-25 m, are required even when both the satellites
are large and heavy. That makes the proposed concept particularly
attractive.

Concluding Remarks

This paper presents the concept of self-inducedattitude stabiliza-
tion for the twin-satellite system using short and flexible tethers.
The results of the analysis and subsequent attitude response simu-
lation of the exact governing equations of motion over a wide range
of design parameters clearly show that judicious tether attachments
between the two satellite platforms not only ensure system attitude
stability but also bring down the librationalamplitudes to ratherlow
valuesevenin the presence of largeinitial pitchrate disturbances.An
increasein the TSS rigidity parameter leads to further improvement
in system attitude response.

The importance of the first-order perturbation stability analysis
undertaken here cannot be overemphasized, as this leads to use-
ful guidelines for system design. The system plots presented can
further aid in the judicious choice of system parameters. Of course,
the final design values chosen should be duly validated through de-
tailed numerical simulation of the governing nonlinearequations of
motion.

It appears quite conceivable to visualize distribution of various
subsystems of a single satellite into two subsatellites slightly sepa-
rated from each other and kept in their position through very short
tethers. Such a system would effectively form a single satellite at
launch. The usual TSS deployment procedures could be utilized
to achieve separation of the two satellites. Alternatively, the weak
springs initially provided to hold the two satellites together may be
released to achieve the same objective.

Finally, it is hoped that the present investigation may serve as
a catalyst for more detailed studies, pave the way for designers to

solve the associated problems of implementation, and thus ensure
realization of the proposed concept.
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