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Characteristics and Applications of a Strain Modal Testing Method

A @8 B B o] 7 e
Ju-Hwan Cha, Tae-Heui Ha and Gun-Myung Lee

(19973 119 6 A : 19983 1€ 17¢ Atk g)

Key Words : Modal Testing(2=A14), Modal Parameter(2 = 7§¥4), Strain Gauge(X=E&|<
Ale1A)), Strain Frequency Response Function(88& F343E34), Prediction
of Strain Response(‘ & &8g9 d%)

ABSTRACT

A strain modal testing method has been applied to a cantilever beam to investigate the
characteristics of the method. By applying the method to an analytical and an
experimental system, it was shown that accurate modal parameters can be estimated from
strain frequency response functions using a current modal parameter extraction algorithm.
The modal parameters estimated by the method are more accurate than those by the
conventional method which uses accelerometers when the tested system is of light weight.
The method can be used to predict strain responses and excitation forces for given
excitation forces and responses, respectively. Cracks on a structure can be detected by
measuring strain FRFs and comparing them with the original ones. ‘
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Fig. 1 Displacement frequency response function
of the simulated cantilever beam
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Fig. 2 Strain frequency response function of
the simulated cantilever beam

Table 1 Theoretical and estimated modal

parameters

Theoretical values | Estimated values
1 16.566 1.0000 16.565 1.0077
2 103.819 | 1.0000 | 103.820 | 1.9954
3 290.697 | 1.0000 | 290.694 | 0.9948
4 569.651 | 1.0000 | 569.620 | 1.0000
5 941.674 | 1.0000 | 941.692 | 0.9999
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Fig. 3 Comparison of the analytical and numeri-
cal strain responses for a step force
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Fig. 5 Comparison of the measured and synthe-
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Fig. 6 Comparison of the measured and
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Table 2 Estimated modal parameters from experi-
mental results with strain gauges

Response point Excitation point
fixed fixed

Freq. |Damping| Freq. |Damping
Model gy | (%) | (Hz) | (%)

15.361 9.3406 16.065 8.8791
99.320 1.4055 | 100.547 | 1.5402
278.207 | 1.4794 | 281.600 | 0.9322
548.027 | 0.8592 | 553.001 | 0.8603
911.907 | 1.0869 | 920.666 | 0.8865

G [ o | W[ DD |

Table 3 Estimated modal parameters from experi-
mental results with accelerometers

Response point Excitation point
fixed fixed

Freq. |Damping| Freq. Damping

Model (v 1" (%) | (Hz) | (%

15.434 | 10.3435 | 15.520 3.8641
98.419 | 2.3440 99.002 0.9122
278.975 | 0.6686 | 278.718 0.6450
546.967 | 0.3658 | 542.473 0.4837
897.498 | 0.3270 | 898.523 0.2739
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Fig. 9 Comparison of the measured and analy-
tical displacement mode shapes when
straingauges are used
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Fig. 10 Comparison of the measured and analy-
tical displacement mode shapes when
accelerometers are used
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Fig. 11 Comparison of the measured and
predicted strain responses for
an impulse force.
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Fig. 12 Comparison of the measured and
predicted strain responses for a swept
sine wave force.
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