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Load Relieving Adaptive Truss
Structures Design Methodology
Song D. Kang
Center for Space Construction and Department
of Aerospace Engineering and Sciences
University of Colorado at Boulder,
Campus Box 429, Colorado 80309, U.S. A.

The loading environments for many aerospace
and earth-based structures are relatively benign for
much of their life, however, occasionally large load-
ings such as earthquakes or other inadvertent dy-
namic events must be considered. These higher
than expected loading can occur during the con-
struction process or the operation life of the struc-
ture. It is proposed that a new design methodology
be developed to eliminate the possibility of structur-
al overload and failure from rare or unexpectedly
high transient loadings over the life of the structure.
This methodology introducés a structural “fuse”
into a structure, altering the behavior of the struc-
ture to meet specific high transient loading require-
ments. The essential issues that arise in a load re-
lieving structure design can be basically classified
into two major parts: 1) load absorbing strut (fuse)
design; and 2) load absorbing mechanisms design
for load relieving truss structures[1—2].

1) Load absorbing strut design : A strut for limit-
ing and absorbing dynamic loadings is shown in
Fig.1. The strut is a restorable “fuse” in the struc-
ture which releases at prescribed levels of loading
and provides resisting forces that are a combination
of a conservative spring force and a dissipative
force. The device i1s an electrodynamic-shock-ab-
sorber type extendible or retractable strut. It con-
sists of a preloaded coil spring for a primary load
limiting process, a conventional DC motor connect-
ed to a “resistive load variable circuit” for variable
damping and stiffness, and a telescoping mecha-
nism for converting linear to rotary motion. The
load displacement of behavior of the strut without
motor augmentation is shown in Fig.2.

2) Load absorbing mechanisms design for load
relieving truss structures : To introduce the load re-
lieving truss design concept, two planar truss
beams with the load absorbing strut installed are
presented in Fig.3(a) and (b). The longeron actuat-
ed load absorbing system where the truss longeron
member is replaced with the energy absorber is
shown in Fig.3(a). The load absorbing strut is plac-
ed in a direct load path, thus high operational loads
are required. The batten actuated load absorbing
system (BALAS) where the truss batten member is
replaced with the strut is shown in Fig.3(b). The
primary reason for this actuator placement is that
the battens in the truss structures are not in the di-
rect load path, and accordingly operational loads in
the actuators are quite small. An additional feature
of this batten actuated concept is that by introduc-
ing small amounts of initial ®ffset in the truss, a
wide range of actuator performance can be tailored.
Specifically, the low stiffness exhibited by the actu-
ator is tailored to meet a design requirement on

DC Servo Motor Preloaded Coil Spring

L} -Thrust Beating  Preload Adjuster-
Ll
(a) Relaxed Position
Resistive Load

A Ball Nut Support Cylinder

(b) Exlended Position

Fig.1. Electrodynamic load limiter schematic.

Response without load limiter

Strut failure load

Spring sulfness

Actuator load

Strue s

Strut axial displacement

Fig.2. Load displacement behavior of a structural fuse.

[L@ﬁ absorbing strut

(a) i

AVEARALRAAS

(b)

Fig.3. Load relieving truss beam models with a load
absorbing strut installed in a direct path (a)
and an indirect path (b).

truss natural frequency for a typical design range.

A primary concern in the design of the load re-
lieving adaptive structures is to avoid the sudden
change of the structural nature due to a low stiff-
ness provided by the fuse. The design approach for-
cuses on the stiffness tailoring in the load absorbing
system. The effect of the local stiffness exhibited by
the load absorbing system on the natural frequen-
cies in the structure is investigated.
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