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ABSTRACT: In past and present elastic and viscoelastic analyses, the starting transient
contributions of the deformations remain unresolved. Their important influence is due to
the inherent memory and energy dissipation associated viscoelastic material behavior. While
mathematically acceptable, physically simple harmonic motion (SHM), or any other function,
cannot suddenly appear in its pristine state at the proverbial t = 0, nor can the flight
velocity instantaneously reach a finite value. The SHM is achieved in the deflection solution
w(x̃, t) ∼ exp (d̃+ ı ω) when the flutter velocities and frequencies reach eigenvalues at d̃ = 0.

The SHM deflections must be preceded by a build-up during a preferably short time
interval 0 ≤ t ≤ t1 where t1 < t0, d̂ < 0 and V < Vf . The time t0 is the time when the
modulus E(t0) begins to relax. Thus the buildup and possible short time resultant transient
responses are contained in the elastic portion of the relaxation modulus curve at 0 ≤ t ≤ t0
(see Fig. 1a) and no additional memory effects will be imposed on the SHM portion, provided
any transient responses die out before t0 is reached. The ICs then become

w(x̂, 0) = ∂w(x̂, 0)
∂t

= ∂w(x̂, t1)
∂t

= 0 and w(x̂, t1) = wSHMmax (x̂) (1)

where wSHMmax (x̂) is the largest SHM deflection (see Fig. 1b). In essence, it is the aerodynamic
pressure (lift) that experiences the buildup or startup due to a velocity buildup from 0 to
Vf or from a cruising velocity to a larger Vf . The velocity then can be characterized by

V (t) =


F (t) = Vf

2

[
1− cos π t

t1

]
︸ ︷︷ ︸

a sample function

0 ≤ t ≤ t ≤ t1 buildup phase

Vf H(t− t1) t ≥ t1 steady state condition

(2)

with
F (0) = ∂F (0)

∂t
= ∂F (t1)

∂t
= 0 and V (t1) = Vf (3)

1Natural Sciences and Engineering Research Council of Canada, Scholarship Award Holder. PhD Candi-
date in Aerospace Engineering. AIAA Student Member. Voice: 217-244-8516 Email: merrett2@illinois.edu

2Professor Emeritus of Aerospace Engineering and Senior Academic Lead for Computational Struc-
tural/Solid Mechanics at NCSA. AIAA Fellow. Corresponding author. Voice: 217-333-2653 Cell: 217-
840-1116 FAX: 217-244-0720 Email: h-hilton@illinois.edu

1



where t = 0 represents the relative time when the velocity change is initiated.
This approach consis of specifying the velocity growth function that will satisfy the ICs

of Eq. (1) but may produce transient start up oscillations in w(x̂, t) prior to t = t1. Alter-
nately, one may impose a smooth non-oscillatory deformation function for w(x̂, t) prior to
t1, determine the necessary aerodynamic plate pressure history and spatial distribution and
calculate the needed velocity time function. This second approach is physically considerably
more difficult to execute since it is relatively easy to control the velocity time function in
flight. While this is a well defined problem and eliminates transient oscillations, it represents
a physically unrealistic approach since the aerodynamic pressure is determined by the airfoil
and wing characteristics and is not subject to prescriptions designed to eliminate transient
oscillations.

A typical elastic flutter frequency has a high end value of some 50 Hz. If the startup
time t1 is say 0.01 secs3 and the beginning relaxation time t0 is 0.1 secs, then the initial
elastic SHM may undergo some 5 cycles or less. Generally in that short time frame the
deflections would not develop large destructive w amplitudes even if d̂ were slightly positive,
since high flutter frequencies would be required. After t > t0 the viscoelastic effects take
over and the flutter velocity Vf will adjust itself accordingly to acquire a value distinct from
the elastic V Ef , such that Vf T V Ef .

Preliminary results indicate that the inclusion of starting transients in the flutter anal-
yses produces significant alterations in the flutter eigenvalues.
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(a) Elastic and Viscoelatic Moduli
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(b) Startup and SHM with t1 = .1

Figure 1: Relaxation and Startup Times

3This implies that in such short time intervals, the elastic terms predominate over the viscoelastic ones.
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