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Supplementary data

I) Double-Spiral Design software
Please download “Software.zip” and run the file “DSD.exe” to open the Double-Spiral Design

software. Using this software you can develop your own double-spiral models.

IT) Models

3D models of the spiral-based structures presented in this study.

IIT) Videos

Video S1. Freeform passive gripper being used for grasping objects of various shapes and masses. We added
small magnets (Neodymium Rare Earth Magnets, 3X1.5 mm) to the outer surface of the double-spiral loop

and created a magnetic gripper for picking up five random objects.

Video S2a. High reversible extension of the three-jaw enveloping gripper. The area inside the gripper can

be remarkably increased, and when released, the double-spiral gripper returns to its original coiled state.

Video S2b. Highly extensible enveloping gripper being used for gripping objects of various shapes and

masses.

Video S3. Mechanical behavior of the spiral-based interlocking structure. The results show that the pulling

force is more than 40 times the pushing force.

Video S4. Deformation of the spiral-based modular structures under different loading scenarios. Double-
spirals were used as compliant joints to develop modular structures with different shapes and mechanical

behavior.



IV) Tables

Table S1. 3D printing settings.

Thermoplastic polyurethane

Polylactic acid

Filament (Flexfill TPU 98A) (PLA)
Fillamentum addi(c)tive polymers Prusa Research, Praha
Produced by Czech R(e}zublicp e Crech Republic
Filament diameter (mm) 1.75 1.75
Nozzle diameter (mm) 0.4 0.4
Extrusion temperature (°C) 240 215
Bed temperature (°C) 50 60
Layer height (mm) 0.2 0.3
Fill pattern Gyroid Gyroid
Fill density (%o) 20 50

Table S2. Design parameters of the logarithmic double-spirals which were employed in this study.

Design parameter
Developed
mechanical system Polar slope Initial thickness | Angle of rotation | Extrusion height
[k] o=l ()| [ — 1] (rad) (mm)
Freeform 1.5
passive gripper 0-20 (7.0-5.5) Lo 20
Highly extensible 2.0
enveloping gripper 0.07 (15.0-13.0) 257 40
, 1.4
Mechanical 0.10 (11.6-10.2) 3.0m 20
interlocking
structure 0.10 4.8 3.0m 20
(13.7-8.9)
1.0
0.10 (12.0-11.0) 2.0m 20
Adaptive 20
energy-dissipative 0.10 i 2.0n 20
structure (12.0-10.0)
3.0
0.10 (12.0-9.0) 2.0m 20
Compliant 2.5
planar joint 0-20 (15.0-12.5) Lo >




Table S3. Extension of the low, medium, high, and adaptive stiffness structures under tensile forces, along with the
corresponding energy dissipation due to their deformation.

Loading rate: 1 mm/s

Applied force (N)

Measured Developed
Parametef structure 0.5 1.0
Low stiffness 39.37 | 96.49
Extension | Medium stiffness | 5.74 | 12.20
(mm) High stiffness | 1.00 | 2.04
Adaptive stiffness | 19.13 | 43.74 190.34 | 208.09
Low stiffness 7.67 | 39.00
Dissipated | Medium stiffness | 1.02 | 4.41 |210.85 | 543.73
energy
(N.mm) High stiffness 0.18 0.72 | 16.12 | 96.54 1403.28
Adaptive stiffness | 3.57 | 14.38 | 107.38 | 298.15 | 380.16 | 547.74
Loading rate: 10 mm/s
Measured Developed Applied force (N)
parametet structure 0.5 1.0
Low stiffness 30.25 | 72.46
Extension | Medium stiffness | 4.20 8.09
(mm) High stiffness | 1.35 | 2.15
Adaptive stiffness | 12.52 | 28.79
Low stiffness 5.58 | 27.56
Dissipated | Medium stiffness | 0.81 2.88
energy
(N.mm) High stiffness 0.34 0.87
Adaptive stiffness | 2.23 | 10.45




V) Figures
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Fig S1. Tensile behavior of four structures consisted of geometrically different double-spirals. The figure shows the

deformation of the low, medium, high, and adaptive stiffness structures, each extended to the same lengths.
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Fig S2. Mechanical behavior of the low, medium, high, and adaptive stiffness structures under tension. Force—dis-

placement curves illustrate the hysteresis observed in the non-linear behavior of compliant double-spirals when sub-

jected to tensile forces at a rate of 1 mm/s.
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Fig S3. Comparing the amount of dissipated energy resulting from the deformation of four developed structures with

low, medium, high, and adaptive stiffness, when subjected to the same tensile forces at a rate of 10 mm/s.



