
AIAA JOURNAL
Vol. 36, No. 10, October 1998

Readers’ Forum
Brief discussion of previous investigations in the aerospace sciences and technical comments on papers published in the AIAA Journal are presented in this
special department. Entries must be restricted to a maximum of 1000 words, or the equivalent of one Journal page including formulas and �gures. A discussion
will be published as quickly as possible after receipt of the manuscript. Neither the AIAA nor its editors are responsible for the opinions expressed by the
correspondents. Authors will be invited to reply promptly.

Comment on “Improvement
in Model Reduction Schemes
Using the System Equivalent

Reduction Expansion Process”

Zu-Qing Qu¤ and Zhi-Fang Fu†

Shanghai Jiao Tong University,
Shanghai 200030, People’s Republic of China

T HE authors of Ref. 1 presented a numerical method for model
reduction schemes using the system equivalent reduction ex-

pansion (SEREP) process. However, the method is valid only when
the Guyan reductionhas very high accuracy. It means that the valid-
ityof themethodin Ref. 1 dependsdeeplyon thechoiceof themaster
degrees of freedom (DOFs). A number of authors have considered
the selection of an appropriate master DOF set.2¡4 Unfortunately,
although the appropriate master DOF set is used, the errors of fre-
quencies with Guyan reduction are usually very large.5 Moreover,
the selectionschemesofmasterDOFs will be invalidin manycases.6

The numerical example of a uniform cantileveredbeam1 demon-
strates our opinion. In Table 1, the master DOFs, equivalent to those
of Ref. 1, are the transverse DOFs at nodes 2, 4, 6, 8, 10, and 12
for case 1. For case 2, the master DOFs are the transverse DOFs at
nodes 7–12, and for case 3 they are the rotational DOFs at nodes
1–6.

The resultsindicatethatwhenGuyan reductionhashigh accuracy,
the SEREP–Guyan has smaller errors than the Guyan. However,
when Guyan reduction has low accuracy, the SEREP–Guyan has
larger errors than the Guyan at majority frequencies.

Table 1 Errors of beam natural frequencies (Hz) from different cases

Case 1 Case 2 Case 3
Mode Guyan SEREP–Guyan Guyan SEREP–Guyan Guyan SEREP–Guyan

1 0.000001 0.000000 0.000072 0.000000 0.025081 0.000056
2 0.000417 0.000000 0.026975 0.000012 0.311917 0.534706
3 0.003388 0.000000 0.335096 1.08737 0.917563 1.51624
4 0.014125 0.000023 0.946580 1.40021 1.50816 1.50714
5 0.037918 0.000387 1.67978 1.88315 2.15232 2.82557
6 0.040935 0.005863 2.51075 2.50444 2.92630 3.33190
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They presenta case where the SEREP–Guyan approachproduces
larger errors than the Guyan method for a different set of master
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Table 1 Beam natural frequencies in hertz for displacement DOF
at nodes 1–6

Mode Exact Guyan SEREP–Guyan IRS SEREP–IRS

1 16.1676 16.6414 16.1692 16.1676 16.1676
2 101.3223 136.8621 166.2888 101.3519 101.3277
3 283.7346 561.9052 604.4304 292.2192 286.3906
4 556.1992 1387.5427 1456.4366 687.7229 766.9553
5 920.1960 2723.6021 2763.6629 1551.4092 1617.2375
6 1376.7569 4761.4220 4667.9298 3248.3423 3296.4435

degreesof freedom(DOF). However, this shouldcomeasno surprise
to anyone for the following observations.Upon closer examination,
it is realized that our method closely parallels the classicalRayleigh
method.2 The reason is that the exact mode shapes are not used in
the transformation matrix as required by SEREP. Rather, some as-
sumed shape functionwas employed.In our case, the shape function
was calculatedby dynamicallyexpandingthe reducedmode shapes.
Thus, the SEREP–Guyan method uses an assumed mode shape ap-
proach, whereas other methods improve upon the Guyan method
through retaining higher-order terms3 or accounting for missing
inertia,4 for example.

Froma theoreticalpointofview,however,weadmit thepossibility
of an alternativeprocedure for obtaining the full set of mode shapes
other than through dynamic expansion. Baruch and Meirovitch5

present a spline-based method where a smoothed modal shape is
obtained from knowledge of a few points on a structure. This is
exactly the case here. The Guyan procedure yields the mode shape
information at a few select points, and it is desired to interpolate (or
extrapolate,as it may be) to other nodal locations.One is not limited
to using just the Guyan mode shapes; using a mode shape from any
reduction procedure will work as well.

As pointedly noted by Qu and Fu, the drawback of our reduc-
tion procedure is that it is highly dependent on the accuracy of
the reduced mode shapes. However, this restriction is overcome by
the fact that, in the Rayleigh method, a � rst-order error in mode
shape results in only a second-ordererror in frequency.6 Should the
assumed mode shapes, though, be grossly in error, it cannot be ex-
pected that the natural frequencies will be correct, which prompted
us to make this statement in our paper: “The particular reduction
scheme, however, is unimportant. The only underlying assumption
is that the shape of each reduced mode resembles the full system
mode, which inevitably is dependent on the choice of master DOF.
Suf� ce it to say, good results are expected through a suf� cient num-
ber and location of master DOF.”1

The followingisa case in point.Letus considerretainingthetrans-
verse DOF at nodes 1–6 for the same cantilevered Euler–Bernoulli
beam example. The natural frequencies for the separate reduction
methods are presented in Table 1. It is observed that only the � rst
mode is reasonablewhen using Guyan. Consequently, the SEREP–

Guyan method almost exactly identi� es only the � rst mode. The
other modal frequencies show considerable disagreement with the
exact frequencies. The Improved Reduced System (IRS) method
appears to have done a somewhat better job identifying up to the
third mode. Consequently, the SEREP–IRS method shows much
improvement for the � rst three modes. The remaining modes suffer
larger errors.

Qu and Fu’s case 2 consists of a questionable master DOF set
because it will be dif� cult to identify the � rst six cantilever modes
from that master set. Furthermore, the master DOF in case 3 are
not considered reliable because they consist of rotations, and these
DOF should be avoided or, at the least, set aside until all other dis-
placement DOF have been exhausted.This was suggested from the
work of Downs.7 Most, if not all, reduction methods have dif� culty
when improper master DOF are selected.
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