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Motivation

What is the impact of a given contingency?

What are the critical elements in a grid?

How to identify (efficiently) critical operating states?
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The Swing Equations
We consider:

m,-é,-—i—d,-é,- = P,-—Zb,-j(e,-—ﬁj), i€ {1,...,[7},
J

m;: inertia, d;: damping, bj: susceptance, P;: generation/load.

A. R. Bergen and V. Vittal, Power System Analysis (Prentice Hall, 2000).
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The Swing Equations
We consider:

m,-é,-—l—d,-é,-: P,-—Zb,-j(ﬁ,-—aj), i€ {1,...,/7},
J

m;: inertia, d;: damping, bj: susceptance, P;: generation/load.

MO +DO=P—18,

M = diag(m), D = diag(d), L Laplacian matrix.

Shorthand notation: w; = 6;.

A. R. Bergen and V. Vittal, Power System Analysis (Prentice Hall, 2000).
5/13



Introduction Contingencies and measures Line contingencies and RoCoF Conclusion
0000000 00000 00000 00
: :

Analytical solution
Assume m; = m, d; = d, and consider angle deviations

00(t) =0(t)— 0", 6 =L'Py, P(t)=Py+dP(t).

M. Tyloo and P. Jacquod, Phys. Rev. E 100 032303 (2019).
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Assume m; = m, d; = d, and consider angle deviations

00(t) =0(t)— 0", 6 =L'Py, P(t)=Py+dP(t).
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Expanding on the eigenmodes of L:
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Assume m; = m, d; = d, and consider angle deviations

00(t) =0(t)— 0", 6 =L'Py, P(t)=Py+dP(t).

méa(t) + déa(t) = P(t) - ul® — Nycu(t), a=1,..,n.

Expanding on the eigenmodes of L:

Lu® = A, u(®) 00(t) = Z ca(t)ul®)
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Assume m; = m, d; = d, and consider angle deviations

00(t) =0(t)— 0", 6 =L'Py, P(t)=Py+dP(t).

méa(t) + déa(t) = P(t) - ul® — Nycu(t), a=1,..,n.

Analytical solution:

t t:
calt) = m—le—(v+ra)t/2/ erafl/15p(t2).u(a)e(')’—ra)b/zdtzdtl'
0 0
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Contingencies

Swing Equations, i € {1,...,n}:

MO +DO=P—16.

Nodal perturbations: additive, P — P + §P.

]

- - . . . . . T
Line perturbations: multiplicative, L. — I — Beueij.
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RoCoF is maximal at t = 07.

w(0) =0, P=L6(0), L* =L — bjeje; ,

Mds(0) + Dw(0) = P — L*6(0)

(6~ 6)

= Wk = (6 — 5jk) bj p — RoCoF at nodes i and j.
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E [Pe] = p, E [(Pk — k) (Pe — )] = Mie -
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Statistics on generation and loads:
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One gets:
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(@) = ejllu,  var(@) = gejLiNLle; .
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Including uncertainties
Statistics on generation and loads:

E[Pe] = puc s E[(Pk — pk)(Pe — p1e)] = Mie -

One gets:
2
E(w;) = ﬁeTIULu, var(w;) = ﬁeT]LTI'IIULe,--.
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Conclusion
The RoCoF after a line loss is:
» proportional to the flow on the line;

» inversely propotional to the inertia of the node where it is
measured.

If we have only statistics on the power injections, we derive
statistics on the RoCoFs.
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Conclusion
The RoCoF after a line loss is:
» proportional to the flow on the line;

» inversely propotional to the inertia of the node where it is
measured.

If we have only statistics on the power injections, we derive
statistics on the RoCoFs.

Consequences:
» The most loaded lines are the most critical (expected);

P Less inertia means more critical systems, but...

Caveat: We assume inertia at every nodes, which is not true
(yet...).
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