CO-ROTATIONAL FORMULATION FOR FLAT SHELLS :

LARGE ROTATIONS. SMALL STRAINS, EXACT THINKING

& WHERE APPROXIMATIONS USUALLY SNEAK IN.

ing the co-rotational framework for flat shell elements is like tuning a
cision instrument: everything works—until a missing term quielly derails
convergence. Below is the distilled core, sharpened and corrected for

real engineering use.

D KINEMATIC DECOMPOSITION — MOTION WITHOUT ILLUSION

Total motion splits cleanly into rigid body rotation + pure deformation:
[Rr] = [Rp]- [Rsr]
[Rp] = [Rr]- [Rex]”

In the co-rotational frame (small strains
assumption):
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@ This is the quiet trick: move the complexity into rotation,
keep deformation linear.
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Membrane + bending coupling emerges naturally.
No shortcuts, no forgiveness.

B} 'NTERNAL FORCE TRANSFORMATION

= [Rsa] - [H]- {fincdo
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A simple mapping. but fully nonlinear in disguise. x

WHY THIS FORMULATION STILL DOMINATES
Clean separation: rigid motion vs deformation
Compatible with nonlinear material laws

Restores quadratic convergence when
fully consistent

ial solvers.

why it sits at the heart of indust

YOUR TURN
traced back to

tangent?
Co-rotational or Total Lagrangian—what's your battlefield experienco?

B3 INIMAL DEFORMATION SPACE — ONLY WHAT MATTERS
For a 3-node Kirchhoff shll
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{ 15 total DOFs - 6 igid body modes -

active deformation DOFs.
No redundancy. No numerical noise.

] ELASTIC-PLASTIC TANGENT (VON MISES, PLANE STRESS)
otop e sastic matr € lans srss Flow direction:
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Consistent elasto-plastic tangent:
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Return mapping (radial return):

A

slgorithmic hardening modulus (e.g., H' = day,/dS,, for isttropic hardening)

Solve
[ &S S 7ol o ] Newton will punish you.
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[ THE CRITICAL POINT — TANGENT STIFFNESS IS NOT 2 TERMS.
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[ THREE TERMS. ALWAYS THREE. |

/A Onmit the second, and you're not simplifying—you're breaking consistency.
That “negligiblo" term becomes decisive wh
« " shape functions are configuration-dependent

ed elements enter the game
And suddenly: no quadratic convergence, residuals that refuse to die,
and hours lost chasing ghosts.




