








S7 NUMERICAL SIMULATIONS
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Figure S11: The belt boundary condition. (A) Beginning of the time step. (B) The predictor step, where
the new contact set is detected. (C) The corrector step, where the nodes in the new contact set are vertically
constrained. (D) The vertically constrained nodes become fully constrained as its horizontal velocity becomes
small.

Belt Contact Boundary Condition . Once the free end of the rod contacts the belt (the plane of
z = 0), a new constraint must be introduced to model the contact. We must �rst detect the contact, and
then respond. Correspondingly, each simulation step begins with apredictor step, optionally followed by a
corrector step.

The predictor step is performed by ignoring the direct e�ect of the belt on free degrees of freedom. At
the end of the predictor step, we determine whether any free nodes have made contact with belt (see Fig.
S11 B). Such nodes form thenew contact set, �. Contact is de�ned as zi � zbelt + r 0 where zi is the z
coordinate of the node,zbelt is the z coordinate of the belt, and r 0 is the rod radius.

If new contacts have been identi�ed, acorrector step is required (Fig. S11 C). We rewind the simulation
to the start of the time step. The vertical coordinate z of each node in the new contact set, �, is transitioned
from the free state to the constrained state, with vertical position prescribed to lie in contact with the belt,
i.e., z = zbelt + r 0. For thesevertically-constrained nodes, the horizontal coordinate degrees of freedom (x; y)
continue to be governed by the equations of motion. After introducing the vertical constraints, we integrate
forward in time again, now assured that the nodes previously in the new contact set cannot penetrate through
the belt. At the end of the corrector step, each vertically-constrained node is transitioned either to the free or
the (fully) constrained state: if the relative velocity between the node and the belt is below a threshold (we
use 10� 6 cm/s), we permanently constrain the node to follow the belt, i.e., to maintain the belt velocity (Fig.
S11 D). Otherwise, we free the node. Because we focus on the small Froude number regime, where inertial
e�ects are negligible, we observe that, typically, vertically-constrained nodes are fully belt-constrained after
the corrector step.

The �rst of the constrained node, counting from the suspended heel, is called the contact point node. As
explained in the main text, all the edges that are more than�L gb away from the contact point vertex into
the �xed portion are prevented from rotating by a constraint on the material frame angle.

S7.2 Source code

The source code of our numerical simulation tools has been made available athttp://www.cs.columbia.
edu/cg/elastic_coiling/ . Instructions on how to use the program are also provided on the webpage.
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Movie S1. Meandering: Pattern of sinusoidal meanders formed by depositing a naturally straight thin elastic rod from a deployment height, H= 50 cm, at an
injection speed, v = 2:3  cm=s, onto a belt moving at vb = 2:0  cm=s (i.e., dimensionless speed mismatch, e= 0:13). Material properties of the rod are radius,
r0 = 0:16 cm; density, ρ= 1:18  g=cm3; Young’s modulus, E= 1:3 MPa (i.e., gravito-bending length, Lgb = 3:3 cm). Experiments (Left) vs. simulations (Right) are
shown. For convenience, the movie has been sped up by a factor of 5, with respect to real time.

Movie S1

Movie S2. Alternating loops: Pattern of alternating loops obtained when depositing the same rod used in Movie S1 and from the same height, but at a higher
value of the control parameter, e= 0:5 (injection speed, v = 2:0  cm=s, and belt speed, v = 1:0  cm=s). Experiments (Left) vs. simulations (Right) are shown. The
movie is sped up by a factor of 5, with respect to real time.

Movie S2
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Movie S3. Translated coiling: Pattern of translated coiling obtained when depositing the same rod used in Movies S1 and S2, from the same height, but at an
even higher dimensionless speed mismatch, e= 0:7 (injection speed, v = 2:0  cm=s, and belt speed, v = 1:0  cm=s). Experiments (Left) vs. simulations (Right) are
shown. The movie is sped up by a factor of 5, with respect to real time.

Movie S3

Movie S4. Static coiling, straight rod: Nearly circular coils formed when a naturally straight rod (κn = 0, same material and geometric parameters as in Movies
S1–S3) is deployed onto a steady substrate (i.e., belt speed, vb = 0). The direction of coiling is monotonic and set by symmetry breaking at initial contact. The
injection speed is v = 2:0  cm=s. Experiments (Left) vs. simulations (Right) are shown. The movie is sped up by a factor of 5, with respect to real time.

Movie S4
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Movie S5. Static coiling, curved rod: Deposition of a naturally curved rod ðκn = 0:21  cm−1Þ with the same material and kinematic parameters as in Movie S4.
The coils that form have smaller radii than those in Movie S4, and the coiling orientation alternates periodically. Experiments (Left) vs. simulations (Right) are
shown. Movie is sped up by a factor of 5, with respect to real time.

Movie S5
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