Supplementary Materials

1. Fabrication
1.1. Material
The elastomeric material chosen for the fabrication of the soft actuators was Ecoflex 00-30 (Smooth-On, PA, USA) mixed according to supplier’s directions with a 1:1 ratio. The product was chosen to compose the inherent compliant and elastic components that could be inflated and withstand vacuum (which are fundamental aspects to design a bio-inspired component). Tensile testing of samples of Ecoflex 00-30 was conducted using dog-bone shaped samples with gauge length of 30 mm and a width of 5 mm and thickness 4 mm. Tests were conducted using an Instron 3345 Universal Testing Machinewith a 500 N load cell following ISO 37. An average of five tests determined that the elastic modulus of the elastomer was 66 kPa ± 3.3 kPa. The strain at failure was calculated to be 675.4% ± 8.9%.
1.2. VAMP fabrication
The fabrication of the soft parts is achieved by casting the components using PLA 3D printed molds (Figure S1). The manufacturing process of one VAMP can be summarized in two steps: Casting of the main structure and the addition of the external layer, as shown in Figure S1. The main structure is produced by pouring the Ecoflex (approximately 30 g of premixed material) in the assembled mould. After a curing time of 4 hours, the casting was extracted by firstly removing the “T” shaped component (Figure S1a and then forcing the separation between Mould I Figure S1b) and Mould II (Figure S1c).
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Figure S1: 3D printed mould: a) “T” shaped mould; b) Mould I; c) Mould II; d) Assembled mould.
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Figure S2: Casting of VAMP’s main structure.

The manufactured structure of the actuator is shown in Figure S2, and the process was followed by the addition of an external layer which would be wrapped around the main structure. 25 g of Ecoflex was produced and poured on a non-adhesive flat plastic surface and distributed evenly over an area of 180 × 180 mm and a thickness between 0.5-1 mm.
After the layer was cured, a second layer was applied and distributed over the first one. Before the second layer could solidify completely, this 2-layer film was wrapped around the main structure. Since it was important not to overlap during the wrapping process (to avoid creating excessive thickness), a thin plastic film was put around the external layer and used to separate the overlapping. This plastic film was removed only after the solidification of the wrapping process. The schematic of the process is illustrated in Figure S3.
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Figure S3: Schematics of wrapping process (top view).
The final product is a cylindrical actuator with an internal brick wall structure that contracts when deflated. Due to some imperfections when adding the external layer, the length of the three actuators produced were measured to be in the range of 127 and 130 mm, and with a weight between 30 and 32 g each. The summary of the fabrication process is illustrated in Figure S4.
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Figure S4: Fabrication process of the VAMP. The internal structure of the actuator is casted by using 3D printed moulds. The VAMP is completed by adding an external Ecoflex layer around the casted structure.
1.3. RECM fabrication
The RECM consists of a cylindrical actuator with six chambers distributed near the curved surface and each one connected at the centre of the component by channels that permit the inlet of an external air supply system.
The RECM’s thinner part is the external surface of the six chambers, which expands during the inflation. The actuator was manufactured from a single main mould, unlike the two-part mould of the VAMP. This allowed the presence of the external surface of the chambers already integrated in the casting, avoiding the necessity of an additional wrapping process.
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Figure S5: RECM main mould and three removable cylinders.

The mould in Figure S5 was modelled as a negative of the actuator and 3D printed with PLA material. To create the holes of diameter 11.50 mm, three small removable cylinders were 3D printed to fit in the three cavities located at the base of the main mould. By making these additional components, it was possible to cast the RECM with the three holes for the link with the connection and, by being removable, the three cylinders could be detached at the end of the curing process. The cavities left could be then used as a grip to facilitate the manual extraction of the casting.
The main body was casted using approximately 66 g of Ecoflex 00-30. Due to the low adhesive behaviour of the casting, the component was easily separated from the mould without damaging the thin layer of the chambers.
To complete the RECM, the casting needed to be sealed on the channel side. To achieve this, a nylon composite created from a nylon fabric immerged in the liquid Ecoflex was used, resulting in a thin and robust layer. By choosing a nylon fabric in a matrix of Ecoflex over a 100% layer of soft material, it was possible to obtain a light and thin layer which was rigid enough to prevent the deformation on the sides of the chambers during the inflation.
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Figure S6: Nylon composite manufacturing schematics.

The manufacturing of the nylon composite was possible by using a prefabricated nylon fabric in plain weave style (i.e. wefts interlaced over and under warps in a 1:1 balanced patter). The fabric was positioned over a non-adhesive plastic film and the liquid Ecoflex was manually distributed over the fabric, facilitating the impregnation of the mixture and the creation of a uniform matrix. The process for the creation of the nylon composite is illustrated in Figure S6.
Once the nylon composite was created, a second layer of liquid rubber was distributed on the top. The casted part was positioned over the composite to attach the side with the channels to the nylon composite, sealing the actuator.
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Figure S7: RECM. a) Front view; b) Back view; and c) Side view.

Each RECM manufactured weighed 60 g and, from Figure S7c, it is visible that the circular parts of the RECM are of different thickness. Specifically, the soft material side is 4 mm thick, while the composite part was measured to be about 1 mm thick. Both surfaces prevent the chambers from expanding in a direction parallel to the axis of the actuator, but while the composite side is thin and light weight, the soft material surface is thicker and heavier. The fabrication process of the RECM is illustrated in Figure S8.
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Figure S8: Fabrication method of the RECM. The main body of the actuator is casted by using a 3D printed mould. The component is completed by adding a nylon composite with Ecoflex matrix to seal the channel side of the casted part.
1.4. Assembly
To assemble the soft robot, the three VAMPs were attached to the 3D printed connections by orienting the hollow ends to the side that would be then linked to the air supply. The air supply system consists of syringes attached to the hollow cylinders of the 3D printed connection by using long plastic tubes (internal diameter: 3 mm, external diameter: 6 mm), to allow the manual control of the robot. These were sealed with the same Ecoflex 00-30 to prevent drafts of air.
In Figure S9 it is possible to observe how each tube is attached to the respective VAMPs through the hollow cylinders of the 3D printed connection at the back of the robot.
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Figure S9: Middle section attachment to air supply.
To complete the assembly, the RECM were inserted into the connections from the nylon composite side. At the centre of each RECM, a hole was punched to connect the tubes of the air supply to the channels. Specifically, the front section’s RECM was connected to the supply on the composite side, while the rear section actuator using the soft material side.
To allow the air supply tube of the front section to reach the actuator, another hole was punched into the rear RECM, where a plastic cylinder with a diameter of about 0.5 mm bigger than the tubes was inserted. With this method, it was possible to allow the tube of the air supply to freely slide back and forth during the contraction and elongation of the soft robot. Moreover, the space between and around the three VAMPs can hold additional equipment for inspections (e.g. cameras or sensors). The final soft robot assembled is shown in Figure S10, and weighed a total of 343 g.
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Figure S10: Assembled soft robot.


