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Figure S1. Method for measuring the torsional spring constant x of pressurized fiber-embedded membranes.
A glued-on stick (Loctite 404) exerted force on a scale. To measure the spring constant k, the membrane was
inflated to a fixed pressure, and was clamped so that the stick touched the scale (force = 0) at an angle 10 degrees
below the horizontal. The scale was raised until the stick became horizontal, and the force F on the scale was
measured. The torque t=F x stick length. Torsional spring constant «=1/A8=F x stick length/10°. We measured

the value of « at different pressures to check for variations across the rotation range.



Figure S2. An example of a n =32, k=0.44 spiral mapped onto a spherical cap. During inflation, the center height
of the cap increases from 0 to i, and the arc length of each spiral arm is preserved by rotating the cap by 6. This

example is a hemisphere (h = base radius ro).
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Figure S3. Percentage of membrane that has fiber spacing between one and two times the membrane thickness,

for different values of wrap number k and number of spiral arms n. The three membranes pictured in Figure 2
are marked on the plot, and have 60-70% of their surface area in this “optimal” region where fibers are close
enough to constrain the silicone from bulging out between adjacent fibers, but not so close that the fibers stiffen
the material. The optimal region always excludes a disk at the center, and sometimes excludes a ring around the

edge where the fibers have the greatest separation distance.



Figure S4. Example of air pockets opening behind threads at high pressures from k = 1.32, pressure = 1.5 psi,

actuator at 132° rotation.
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Figure S5. Measured and ideal spherical cap cross-sections of inflated membranes for three k-values at increasing
pressures (p) in psi. The top row and bottom row sample the low-end and high-end pressures for each actuator’s
full range of motion, respectively, while the middle two rows show how the three different actuators look at

similar pressures.
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Figure S6. Fiber optic intensity signal vs. pressure for k = 0.88, n = 24 with straight stretchable optical fiber.



Supplementary Methods

Shape Similarity Metric

Actuator shapes were measured from side-view images and compared to the ideal spherical cap
shape using a similarity metric. The similarity metric M for polygons P1 (having area Al) and
polygon P2 (having area A2) is defined as:

((Area of union of P1 and P2) - (Area of intersection of P1 and PZ))

(S1)
Area of union of P1 and P2

M=1

For example, if the polygons overlap perfectly, the area of their union and area of their
intersection will be the same area A1 = A2 = A. The similarity metric becomes 1- (A - A)/A =1. If there
is no overlap at all, the similarity metricis 1 - ((Al + A2) - 0)/(A1 + A2) =0. In this work, the measured
shape P1 is typically smaller than the ideal spherical cap P2 and fully contained inside (see
Supplementary Figure S5). If a fraction f of the area of P2 is filled by P1, M =1 - (A2 - fA2)/A2 or
1-(1 - f) =f. In this case the similarity metric gives the fraction of the ideal spherical cap’s 2D cross-
sectional area that is filled by the membrane.



