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Soft active materials like magnetorheological elastomers (MREs) and electroactive poly-
mers (EAPs) undergo large deformation in response to externally applied electrical/magnetic
fields. These materials have the potential to be applied towards design of sensor and ac-
tuator devices in the emerging field of soft robotics. However, it is often challenging
to develop computationally tractable models for these materials owing to their inherent
geometric and material nonlinearities. To aid device design and enhance computational
efficiency, in this work, we develop a 2D electro-magneto-elastic membrane model start-
ing from the 3D governing equations [1]. The membrane model is applied to actuators
of cylindrical and circular geometries under axisymmetric loading. The membrane model
is further utilized to study the onset of instabilities in MREs and dielectric elastomers
(DE). Particularly, the effect of external electric/magnetic field on the onset and reversal
of limit point (snap-through) instability and wrinkling is analyzed (Fig.1).

1 2 3 4 5
0

1

2

3

4

(a)

p*

r*

 

 

 E*=0       E*=0.1
 E*=0.15  E*=0.2
 E*=0 Reddy and Saxena (2018)

1 2 3 4 5
0

1

2

3

4

(b)

p*

r*

 

 

 E*=0       E*=0.1
 E*=0.15  E*=0.2
 E*=0 Reddy and Saxena (2018)

Figure 1: Pressure versus deformed radius plots of cylindrical DE membranes in the presence of exter-
nal electric field for (a) Neo-Hookean material (b) Mooney-Rivlin material. Snap-through instability is
characterized by the loss of monotonicity in these plots.

REFERENCES

[1] Ali, M. N., Wahi, S. K., & Santapuri, S. Modeling and analysis of a magnetoelastic
annular membrane placed in an azimuthal magnetic field. Mathematics and Mechan-
ics of Solids, Vol. 26(11): 1614–1634, 2021.


