Accepted Manuscript -

INTERNATIONAL JOURNAL OF

SOLIDS AND

Performance of Additively Manufactured Cylindrical Bonded Systems ST R U CTU R ES

with Stiffness-Tailored Interface

M.A. Khan, S. Kumar, Wesley J. Cantwell

Stelios Kyriakides David Hills
Tre University of Tevas st Austin, USA Univesty of i

PIl: S0020-7683(18)30226-9

DOI: 10.1016/j.ijsolstr.2018.06.002

Reference: SAS 10012

To appear in: International Journal of Solids and Structures
Received date: 30 June 2017

Revised date: 19 May 2018

Accepted date: 1 June 2018

Please cite this article as: M.A. Khan, S. Kumar, Wesley J. Cantwell, Performance of Additively Manu-
factured Cylindrical Bonded Systems with Stiffness-Tailored Interface, International Journal of Solids
and Structures (2018), doi: 10.1016/j.ijsolstr.2018.06.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ijsolstr.2018.06.002
https://doi.org/10.1016/j.ijsolstr.2018.06.002

Performance of Additively Manufactured Cylindrical
Bonded Systems with Stiffness-Tailored Interface

M. A. Khan?®, S. Kumar®*, Wesley J. Cantwell”

@ Department of Mechanical and Materials Engineering, Khalifa University of Science
and Technology, Masdar Institute, Masdar City, P.O. Box 54224, Abu Dhabi, UAE
b Department of Aerospace Engineering,

Khalifa University of Science and Technology,

P.O. Box 127788, Abu Dhabi, UAE.

Abstract

The structural performance of multi-material bonded systems can be sig-
nificantly improved by tailoring interfaces. Here, we report the performance
of cylindrical bonded systems with stiffness-tailored interface both experi-
mentally enabled by 3D printing, ag well/as by modeling. Stiffness-tailored
systems are additively manufactured \by engineering edge-compliance into the
bondlayer. The deformation and failure behaviour of 3D printed shaft-tube
joints with such stiffness-tailored bondlayer was evaluated experimentally un-
der axial tensile loads and’was found to have about 40% and 25% more load
carrying capacity and teughness respectively compared to joints with homo-
geneous bondlayer. A linear-elastic finite element (FE) model benchmarked
with experimental@esults,was employed to examine how the stress redistribu-
tion in the bondlayer,due to stiffness-tailoring led to improved performance
of graded joints. 'Motivated by the superior performance of stiffness-tailored
joints, an‘analytical model for such joints is proposed within the purview
of axisymmetri¢ linear elastostatics. The effect of smoothly grading the in-
terfa¢e properties of 3D printed shaft-tube joints on stress distribution is
investigated and the influence of grading on shear-transfer length is identi-
fied using the developed model considering power-law variation of bondlayer’s
modulus profile. A reduction in peak shear stress of about 45% was observed
for systems with bondlength (1) greater than the shear-transfer length (I..;)
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