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Objectives Simulation

In this work we present a constraint-based dynamics model to represent a 1-
Dimensional pneumatic actuator in a multi-physics environment. The main con-
tributions of this work are:

Lagrangian multiphysics simulator with frictional contact model described as: * Ar; parameterize the frictional forces for contacts, with a corresponding basis D
that defines the surface tangent plane at the contact point.

M¢ — f(a,q) — ITA, — I, — J?j)\f —0 cA={ie(1,--- ,n.) | pA,; > 0} defines the active contact set, with inactive
® A dynamics and actuation framework for 1D pneumatic soft actuators that co(q,p) +EXy =0 contacts Z being its complement.
accurately represent a large range of deformations; 0<cy(q) LA, >0 - J3, J,, contain the gradient of bilateral and normal constraint functions with
® An accurate dynamics model for a modular soft robotic snake; . | T d respect to q.
® A simulator for performing real-time control of soft robots. vie A, Djq+ B fz,‘ Ari =0 cJp= Dy, .-, DnC]T 1s the set of frictional basis vectors.
: T . . . .
Vie A, 0<|Djq| L e —|Apil >0 The soft links are simulated using tetrahedral finite elements (FEM). We use a
. Viel, MAr;=0. constant strain element, and a linear isotropic constitutive model with a lumped
Soft Robotic Snake b p! . . P
mass model. Each tetrahedron defines a 6-dimensional constraint vector of coro-
- q € R™ are the vectors of generalized coordinates with n, degree of tational strains. Material response is specified through the constant element com-
The snake 1s an assembly of four custom built pressure chamber links with two pressure freedom (DOF)s, determined by the number of particles and rigid bodies on the pliance (inverse stiffness) matrix defined by the Young’s modulus and Poisson ratio.
actuators, and constraints that make them expand in a single direction, and bend 1n an system.
arc due to a central constraint between the two pressure chambers|1, 2, 3]. - M € R"™*" is the mass-matrix that describes the inertial properties of the system. Snake Model

- f(q, q) is a generalized force function that includes external and gyroscopic
forces.

Radial Thread Constraint
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- cp(q) is a set of bilateral constraints of length n;, with A\, the associated Lagrange
multipliers.

- Elastic energy potentials are defined in terms of compliant constraints.

- E € R™*™ is a block-diagonal compliance, or inverse stiffness matrix[4].

== INnextensible layer constraint

- p are the target pressures for the actuators.

=== Constant perimeter constraint
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=== Actuation Constraint

:f;' - The contact and frictional forces are based on Coulomb’s model, which defines an

N § admissible cone of contact forces [3]. . . s .
| ' . Figure 4: Constraints set up in Simulation as
- ¢,,(q) are unilateral contact constraints, with n. the number of contacts in the Figure 3: Mesh with tetrahedral edges de- fixed distance constraints
Figure 2: Single link with con- system, and A, ; and y; the normal force Lagrange multiplier and friction fined.
Figure 1: Full snake assembled real and simulated. straints highlighted coetficient for the ith contact respectively.

Pressure Dynamics

Actuation made with a network of distance constraints defined over FEM Geometry. Pressure 1s simulated by adjusting the

rest length across actuation dimension by a factor € Pressure dynamics update ODE that accounts for actuator natural dampening:

e(p) =1+ pi(t) + s Ap;2k; is inflating

p
Y (t+h) =
i ) pi(t) — min(p;(t)kq, T),) is deflating

Y - soft link material’s Young modulus.
Simulation Results
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Figure 5: Visual comparison of link expansion after settling from -10 to 10 psi pressure. Negative values mean the left chamber is inflated, while positive values are for the right chamber. The simulation displays high accuracy on the curvature up to 8 psz, where the dashed lines were traced. After that the pressure

becomes excessive and the real link stops following the linear model
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Figure 7: curvature analysis
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