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Knitting machine

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021



Experimental setup

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021



Cross-over: two yarn 
segments twist together

Connection: joins two 
cross-overs

Lattice model geometry

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021



Simple yarn model
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arc-length parameter

bending & twisting moduli

curvature & torsion

identify pairs of curve ends

fix total length  
of curve

FENE springs 
prevent topology 
changes

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021
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Bernstein basis polynomials
control points

central 
curve curve position 
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Bézier curves: expanding in a polynomial basis

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021



Stockinette

Seed

Garter

Minimal energy configurations

Rib

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021



Simulation results: applying uniaxial forces

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021



Stockinette Rib

SeedGarter

Stress-strain relations
Force

ResponseResponse

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021



Stockinette

SeedGarter

Stress-strain relations

Response Response

Force Rib

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021



Topology, symmetry & low strain behavior

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021
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Topology, symmetry & low strain behavior

εxx
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Stockinette SeedGarter Rib

K. Singal, M. Dimitriyev and EAM, (in preparation), 2021
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Curvature concentration

M. Dimitriyev, K. Singal and EAM, (in preparation), 2021



Curvature concentration & nonlinear response
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High tension limit & elastic nonlinearity
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�i("i) = ki"i + �i


1

(1� ↵i"i)2
� 1

�

<latexit sha1_base64="u9oD/vczhn+S0KEX6dufRhucUOI="></latexit>

M. Dimitriyev, K. Singal and EAM, (in preparation), 2021



Knits are a crystalline material… with defects



Future work: Defects in knits

Thank you!


