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Modal identification of rotor components

Campbell diagram
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Single-dof model

X+2lw x+w'x= lp(t)
m
=£cos thZ
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Minimalistic modeling : single-DOF model

Governing equation

Time-varying natural frequency
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Single-DOF model

=l Governing equation

Sweeping rate

tivaic G+ 26 (wo + wt') ¢+ (wo +wt') g = %e%m’2eiwot'

ground Time-varying natural frequency

. Define a dimensionless time and a dimensionless response : 7 = wgt’ xr = ,p—02q
entatio 2E1mw(
. . 2 i O 2
w w PR S
D by T 2" +26(1+ 57 )2’ + (14 —57) x=2CeTe’ 0
Wo Wo
: . 9) w W
Small dimensionless parameters : E=¢ — = k2 — = Q= = ke’
2 Lo i .2, 2
" +2e (1 + mstT) '+ (14 /<;oz527') T = 2eieTez e T
\palvticalcotut
@ ersita Slowly time-varying oscillator subject to slow sine sweep % Numerics
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Single-DOF model

Multiple timescale solution

'+ 2¢ (1 + K,Oé€27') x + (1 + lﬁ)()é€27')2 ¢ = 2¢ielTe3re T

Motivation
Background Fast time: T Slow time: T' = eT Ansatz: z (7,T) = xo (7,T) + ex1 (7,T) + - - -
Time-Frequency
representation
Implementation Leading order solution: Zo = A (T) e’ ( slowly modulated harmonic response )
Time-Frequency spectral
A i 2
analysis Secularity condition : A/(T) + (1 — 1Kk T) A(T) — 2T (linear time varying 1st order ODE)
System ID by TFA
General solution Particular solution «a =0
i 2 _
A(T) = e Te3% 9T D (T; 1 (1 — @) A(T) = oD (T} k)
1T ~1— KT
D (T; k) = | ——e?rerfc [e i —]
2K V2k
gpci;versité
i Genova
Carassale, L., Denoél, V., Martel, C., & Panning-von Scheidt, L. (2021). Key features of the transient
dy P amplification of mistuned systems. Journal of Engineering for Gas Turbines and Power, 143(3).
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Single-DOF model

Multiple timescale solution - illustration

General solution Particular solution

Tt D (1 (1 - ) A(D) =D (Ti)

A T Sweeping rate
o 1A(T) -

K
K

2
4

The width of the peak increases. Translates an apparently larger damping. More time spent near
resonance

Norm of envelope only depends on k(1 — «)
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Equivalence

General solution Particular solution

A(T) = e Te=T D (T;r (1 — a)) A(T) =e "D (T; k)

A T Sweeping rate
|A(T)|10 1.0 | ( )| A
- K =2

k=4
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As long a we focus on the envelope of the response :

An LTV system can be replaced by an equivalent LTI system subjected to a (smaller) sweeping rate

kv (1 — @) = ko
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