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Fig. 4. Dynamic response of a P10-15 M-SMP cantilever beam under heating and a uniform time-dependent actuation magnetic field. (a) Schematic
(top), experimental setup (middle), and thermal image (bottom) of the beam. (b) Temperature and Young’s modulus variations of the beam during
30 s of heating. (c) Viscosity of the P10-15 M-SMP as a function of the temperature. (d-f) Comparison of the normalized experimental tip deflection
of the cantilever beam subject to a magnetic field |B?| = 30sin(2zft) mT with that predicted by the beam model without considering viscoelasticity:
(d) f = 0.25 Hz, (e) f = 1 Hz, and (f) normalized tip deflection envelopes. (g-i) Comparison of the normalized experimental tip deflection of the
cantilever beam with that predicted by the beam model considering viscoelasticity: (g) f = 0.25 Hz, (h) f = 1 Hz, and (i) normalized tip deflection
envelopes. Scale bars in (a), (d), and (e): 6 mm.



L. Luetal Journal of the Mechanics and Physics of Solids 190 (2024) 105742

oF, Afx 0x

s M o
LTSN (22)
EI% — |M||B?|Asin(0 — @) = F,sind — F,cos,
with
3—: = cos#, % = sinf,k = %7 (23)

where 6 is the bending angle between the centerline and the x-axis, a is the angle between the magnetic field and the x-axis, « is the
curvature, E is the Young’s modulus, I is the second moment of area, and Fy and F), are the force components along the x and y di-
rections, respectively. For a cantilever beam, the initial and boundary conditions are given by

x(s?O) = Ov.y(svo) = 070(570) =0, 24)
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Fig. 5. Selective actuation of a cantilever beam made of P5-15 M-SMP in the left segment and P10-15 M-SMP in the right segment under a uniform
magnetic field and heating. (a) Schematic (top), experimental setup (middle) and thermal image (bottom) of the two-segment M-SMP cantilever
beam. (b) Temperature profiles along the x-axis of the beam under heating for different times. (c) Young’s modulus profiles along the x-axis of the
beam under heating for different times. (d) Experimental snapshots of the deformed configurations of the beam under a vertical magnetic field (|B?|
= 30 mT and a = 7/2) and heating for different times. (e, f) Theoretical predictions of the (e) deformed configurations and (f) bending angle (6)
along the axis of the beam. (g) Experimental snapshots of the deformed configurations of the beam under a horizontal magnetic field (|B*| = 30 mT
and a = x) and heating for different times. (h, i) Theoretical predictions of the (h) deformed configurations and (i) bending angle (6) along the axis of
the beam. Scale bars in (a), (d), and (g): 4 mm.









