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Fig. 9 Curves of the normal stress for the simply
supported Timoshenko micro-beam

with different section heights
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Fig. 10 Relation curves between the maximum normal stress and the section height of

the Timoshenko micro-beam with different Poisson ratios
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Fig. 11 Relation curves between the maximum normal stress and the Poisson ratio of

the Timoshenko micro-beam with different section heights
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A Timoshenko Micro-Beam Model and Its Size Effects
Based on the Modified Couple Stress Theory

ZHOU Bo, ZHENG Xueyao, KANG Zetian, XUE Shifeng
(College of Pipeline and Civil Engineering, China University of Petroleum (East China) ,
Qingdao, Shandong 266580, P.R.China)

Abstract: Based on the modified couple stress theory, the basic variables of the Timoshenko
micro-beam, such as the stress, couple stress, strain and curvature, were described as the
functions of partial derivatives of displacement components. According to the principle of mini-
mum total potential energy, the governing differential equation was derived to determine the
displacement field of the Timoshenko micro-beam. The series method was utilized to solve the
governing differential equation for the simply supported Timoshenko micro-beam under arbitrar-
y load, and the theoretical couple stress solutions of the deflection, rotation angle and stress,
which can reflect the size effects, were obtained. The size effects of the deflection, rotation an-
gle and stress of the Timoshenko micro-beam subjected to a cosine distribution load were inves-
tigated in detail, and the influence of Poisson’s ratio on the mechanical behaviors of the Timo-
shenko micro-beam and the size effects were analyzed. The results show that, both the stiffness
and the strength of the Timoshenko micro-beam improve clearly with the decreased cross sec-
tion height and their size effects are obvious when the ratio of the cross section height to the
material characteristic length is less than 5. However, both the stiffness and the strength of the
Timoshenko micro-beam tend to be stable and their size effects can be neglected when the ratio
of the cross section height to the material characteristic length is greater than 10. Poisson’ s ra-
tio is an important factor influencing the mechanical behaviors of the Timoshenko micro-beam
and the size effects. The smaller Poisson’s ratio is, the more significant the size effects of the
stiffness and the strength will be. The developed model can effectively describe the mechanical
behaviors of Timoshenko micro-beams and their size effects, and makes a theoretical basis and
technical reference for the design and analysis of micro-structures in the micro electro mechani-
cal systems (MEMS).

Key words: Timoshenko micro-beam; size effect; displacement governing differential equa-
tion; series method; MEMS
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