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Fig. 3 Kinematic Reynolds shear stress bias (%) vs nondimensional
distance from the wall (see text for legend de� nitions).

[by differentiatinghui(yC) in the viscous sublayer8], Fig. 2 suggests
that signi� cant variations between the several correction methods
would result. The determination of · also utilizes much of the data
set, through a statistical � t to Eq. (3), and again there appears to be
little variation between the methods except, surprisingly, the GPC
method, which predicts a value signi� cantly lower than any other
method. Compared with the commonly acceptedvalue of · D 0:41,
this method is low by 6%. The intercept B in the logarithmic law is,
of course, also obtained from a statistical � t of the data over most of
the � ow. Nevertheless, signi� cant variability in the predicted value
of B is seen between the several methods. Not surprisingly, the
three inverse velocity correctionmethods yield very similar results,
whereas straight arithmetic averaging, NC, predicts a value that is
higher by 12%. The IA time and GPC methods yield values that are
low by 7–9% compared with the inverse methods.

Conclusion
Although a statement of accuracy cannot be made without addi-

tionalmeasurements,it is clear that relativedeviationsof §10% can
easily occur, depending on the bias correction scheme employed,
when computingmean � ow characteristicsin similar wall-bounded
� ows. For some turbulence statistics, even larger deviations are
possible.

Taken together with the other investigations cited in the refer-
ences, it is concluded from this study that, in the case of low or
intermediate data density, the proper choice of the bias correction
methodis vital if high-accuracymeasurements,such as §2%, are re-
quired. Considering the literature on the experimental investigation
of velocity bias for low or intermediate data densities, the selection
of the appropriate method is not straightforward, and perhaps the
best method may, unfortunately, be dependent on the � ow that is
under study.
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I. Introduction

T HE rapid growth of the Internet and information systems re-
quires that high-capacity and ubiquitous communication be

available for both voice and data transmission. Satellite communi-
cation, having the advantages of its inherent wireless access to the
network, robustness against terrestrial disasters, and global cover-
age, is increasinglyregarded as an essential element of the commu-
nication infrastructure. Accordingly, communication satellites are
required to provide a number of spot beams covering their service
areas to furnish high-capacity links for small, possibly portable,
ground terminals.This task can be done by using a large deployable
antennaon the satellite.A re� ector antenna with an apertureof over
10 m will be needed to enable a satellite communication service
with cellular-phone-size Earth terminals.1 There are a number of
structural concepts for large re� ector antennas,2 and of these, the
combination of a deployable truss structure and a mesh re� ector
surface is considered reliable.3 Several deployable truss structure
concepts have been presented, claiming large re� ector antennas as
one of their potential applications.

For the secure deployment of a mesh re� ector, the deployment
force of the truss structure must be larger than the deployment re-
sisting force caused by the mesh surface, including an appropriate
margin. As such, the design concept for a deployabletruss structure
should be evaluated in conjunctionwith the resisting mesh tension.
It is, however, dif� cult to predict the resisting force of the mesh
during deploymentbecause it is a coupledproblemthat involves the
mechanicalmotion of the truss structureand the elastic deformation
of the mesh surface as well as the truss structure.

In this Note, two conceptsof deployabletruss structuresare com-
pared in view of the required deployment force against the mesh
surface tension. The comparison was performed using the � exible
multibody dynamics computer code that the author has developed.4

The formulation and the analytical procedure are not presented in
this Note to focus on the comparison.This study does not intend to
advocate that one deployable truss structure concept is better than
the other but instead intends to unveil the essentialdifferencesin re-
quireddeploymentforcesin accordancewith the structuralconcepts.
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The two deployable truss structure concepts are introduced in
Sec. II. The comparativeanalysison the truss structures is presented
in Sec. III.

II. Computational Models
There are two types of deployable truss structures, both of which

are hexagonallyshapedhoops in thedeployedcon� guration(Fig. 1).
In one concept, referred to as a slide-type truss structure, a sliding
mechanism is the prime deployment mechanism (Fig. 1). This type
of truss structure,excludingarticulatedmembers, hasbeenproposed
by Watanabe et al.5 and Onoda et al.6

In the other concept, referred to as an articulated-typetruss struc-
ture, a side is composed of two articulated truss members and a
scissor-shaped link that synchronizes the deployment motion and
braces the truss structure (Fig. 2). Examples of this type of truss
structure,using articulatedtruss members as the primal deployment
mechanism,are the JapaneseAdvancedSpace CommunicationsRe-
search Laboratory (ASC) re� ector7 and the Aerospatiale re� ector.8

The deploymentmotion of the articulatedtype was computationally
modeled by simultaneously extending or shortening the terminal
points of the six articulated members.

The depthof both trussstructuresin thecomputationwas 600 mm,
and the length of the top hexagon sides in the deployed state was
500 mm. These dimensions represented a basic structure for the
deployable re� ector presented in Ref. 5. Outer and inner diameters
of the truss member are 18 and 16 mm, respectively.

An identicalmesh surface model, representedby a cablenetwork,
was connectedto each of the two truss structures.The cable network

Fig. 1 Deployment motion of slide-type truss structure.

Fig. 2 Typical deployment motion of articulated-type truss structure.

Fig. 3 Cable network model.

was composed of 61 cables located in both the radial and tangential
directions (Fig. 3).

III. Comparison
Cable tension pro� les were computed using transient dynamic

analysis in accordance with the deployment motion. The deploy-
ment motion was represented by deployment angle. The deployed
and stowed con� gurationsof both truss structureswere represented
bydeploymentanglesof 0.0and¼=2 rad, respectively(Fig.4). Cable
tensions of the slide type gradually decrease as the truss structure is
stowed (Fig. 5). Becausethe trussmemberswerepositionedonly in a
hoopmanner,tensionsin theradialcablesdecreasedfaster than those
of the tangentcables.The cable tensionsin the articulated-typetruss
are shown in Fig. 6. All of the cables lost tension at approximately

Fig. 4 Deployment angle de� nition.

Fig. 5 Cable tension pro� le of slide-type truss.

Fig. 6 Tension pro� le of the articulated-type truss.
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0.9 rad. No major discrepancywas observed between the radial and
tangent cable tension. In an articulated type, therefore, the deploy-
ment driving force is required only from 0.0 to 0.9 rad in terms of
deploymentangle because all of the cables lose tensionbetween 0.9
and 1.5 rad. Because the same amount of energy should be stored
in the mesh surface regardless the type of truss structure, the short
drive stroke entails large peak deployment force. Consequently, the
peak deployment driving force of an articulated type is larger than
that of a slide type when deploying an identical mesh surface.

IV. Conclusion
In summary, an articulated type requires a larger peak force and

shorter stroke deployment mechanism than a slide-type truss struc-
ture. The choice of the truss structure, however, depends on the
designated force margin and weight restriction.
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