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Appendix: Frequency response analysis with NLvib
Harmonic Balance formulation

a I

solve R(X)= | StRi} | =0

| S{Ry} |

where Ri = [—(kw)’M +ikwD + K| Q) + Fui — Fex i

}T

with respectto X = [Q; R{Q{} 3{Qi} ... 3{Qy} @

che interval Q) < Q < Q© /
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Appendix: Frequency response analysis with NLvib
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Shooting formulation

/ (q(T) — ))? \

solve R(X) = [

Jscl (scl positive real-valued scalar

Rationale behind scaling of residual:

achieve similar orders of magnitude for
quite different vibration levels. Otherwise

. . S e

in the interval Q( ) < Q<L Q( ) the solver might misinterpret e.g. a small

value as a converged residual.

with respectto X — [ T ug Q]

where q(1'), u(I") are determined by forward

wmerical Integration
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Appendix: Nonlinear modal analysis with NLvib

Harmonic Balance formulation

[ fea i
Fo @ f fscl positive real-valued scalar
R{R,} 2

S{Ry} L=

solve p(x) — —0

3{Ry) L
H
%{kzo QrMQ,}/a* — 1]
I i (0)/(wa) ]
where Ry = [—(kw)’M + ikw (D — 26wM) + K| Q, + Fpi 1

|~ amplitude normalization

__— phase normalization

. T T T T T
with respect to X:[%O R{Z1 o{E} ... 3{%} w § logloa]

whe interval log;g al® < logipa < logqg a'® /

Rationale behind scaling of residual: achieve similar orders of magnitude of typical values. Otherwise the dynamic
force equilibrium or the normalization conditions would have unreasonably strong weight, which could have a negative
72 influence the convergence of the solver.
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Appendix: Nonlinear modal analysis with NLvib

Shooting formulation

( cove R(X) | (a(T) ~ o) - |0

where q,, up are qg_, uo— only wit
uov?;norrn — 0 —~—

where q('1"), u(1") are determined by forward numerical
integration

(w(T) —wo) 5.5
with respectto X — | 20 %o .
p = { — —— w D logma}
in the interval log,, a® < log,ya < log,, a'® amplitude

. — ) .
h 40, inorm — O normalization

phase
normalization

/

(sc1 positive real-valued scalar

Rationale behind scaling of residual: achieve similar orders of magnitude for quite different vibration levels.

Otherwise the solver might misinterpret e.g. a small value as a converged residual.
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