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Abstract

Aerospace systems and subsystems are subjected to impulsive loads due to several reasons like
engine start and burnout, separation and so on. These loads may make temporary or permanent
failures in some sensitive components or subsystems. To avoid these failures some constraints
should be consider in design mechanical process. Another approach can be reducing the load level
in transmission path without any change in the source of load and without adding any new
component and only with design optimization of available components i.e., structural joints
destructive effects of impulsive loads. This paper uses analytical results of joints behavior to present
practical solution for minimizing load transmission through the joint.
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1. Introduction

Most of the aerospace systems specifically launch
vehicles includes some sensitive subsystems and
components that dynamic load such as impulsive
loads may temporarily or permanently destroy their
functionality. Engine start and burn out, separation,
and so on are some of sources of impulsive loads in
these systems. Robust design of the sensitive
subsystem and components, isolating them from the
loads are some solutions to protect them against
environmental loads. Such protection methods always
lead to addition cost and weight [1]. Following text
expresses an idea to reduce the destructive effects of
impulsive loads.

2. Joints as an Energy Dissipator for Impulsive
Loads

Bolted joints that are plenty used in aerospace systems can
be employed as a gratis dissipator to engorge destructive
energy of impulsive load. Some considerations in joint
geometry and material and fastening preload make it
suitable for the mentioned aim.

Dry friction plays the main role in the bolted joints in
energy dissipation. This main factor can be activated
when the contact surface is not orthogonal to the load
direction. Based on this condition for using a joint as
an energy dissipator, three basic geometries can be
imagined for it as shown in Figure 1.

Figure 1. Fundamental joint geometries, a) normal joint, b)
parallel joint, c) oblique joint [2]

Analytical approach is considered for fundamental study
of joint capability for suppressing destructive loads. This
approach utilizes Jenkins element for friction modeling in
joint [3, 4]. Energy balance method and time domain
response are the means of study.

For high amplitude and narrow width impulsive load,
energy balance method is used. Figure 2 summarizes the
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results of energy balance method. Amplitude inversion
border in this figure is the most interesting region from
the joint design point of view. Tuning the parameters on
this border prevents successive oscillations in response
and mitigates the acceleration response.
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Figure 2. Characteristics curve of Jenkins element in
response to narrow width impulsive load [5]

Time domain response is used in the case of input pulse
width is of order of natural period of system. Figure 3
shows the fundamental curve of Jenkins element behavior
in response to the pulse input. This graph represents the
condition for slip occurrence in joint.
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Figure 3. Slip occurrence condition in the joint [2]

After insuring of slip occurrence in the joint, tuning its
parameters through geometric design and material
selection by optimization process for minimizing the
acceleration response.

Maximum level of shock response spectrum vs.
dimensionless friction threshold is plotted in Figure 4.
As seen in this figure. Maximum SRS has a minimum.
This desired minimum takes place if dimensionless
friction threshold is equal to the inverse of stiffness
ratio. Increasing this ratio reduces the optimality of
joint in dissipating energy of impulsive load as Figure
5 presents.

Dimensionless friction threshold and stiffness ratio are
two parameters of parallel joint those can be tuned at
desired values by fastener preload, appropriate material
selection and contact surface roughness to have optimum
response.

Selecting the oblique geometry for the joint provides
another optimization parameter to the designer. If the
fastener preload is obliged by other requirements,
obliqueness angle may be used for tuning the friction
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threshold and stiffness ratio and finally joint dissipation

optimization.
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Figure 4. Maximum level of SRS vs. dimensionless friction
threshold
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Figure 5. Minimum of maximum level of SRS vs. sticking
to sticking minus slipping stiffness ratio

3. Conclusions

Bolted joints can be employed as a gratis dissipator to
engorge destructive energy of impulsive load if the its
contact surface is not normal to the load direction.
Contact material and roughness, fastener preload are the
means of dissipation maximizing in parallel joints.
Oblique geometry provides an addition tuning parameters
to the designer in the case of bolt preload is bounded by
other requirement. Analytical investigations verify the
ability of joints for reducing of destructivity of impulsive
loads. Numerical and experimental studies are necessary
for deeper perception.
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