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Smart Dynamic Testing for Verification, Certification and Endurance Qualification
In many high-technology industries where structural integrity is a primary requirement - such as
Aerospace Defence and High-performance Power Generation - physical testing to demonstrate
endurance, reliability and maintenance of functional performance is mandatory. Endurance tests are
conducted in advance of actual service life to verify these critical features. These tests have been
conducted in much the same way for decades and it is well know that they are often less reliable than
is needed. Vibration levels under test conditions can be orders of magnitude higher, or lower, than
those experienced in service. Recent developments — described in this talk - in which theoretical
models of the test structure and setup are used to enhance the actual test, have led to a dramatic

reduction these large discrepancies. An unexpected benefit from these advances is a considerable

reduction in the cost of the actual testing.
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Dr. C. C. Cheng is currently distinguished professor of Department of Mechanical Engineering at
National Chung Cheng University (CCU). He received his 1985 B.S. from National Cheng Kung
University, 1990 MS and 1994 Ph.D. from North Carolina State University (USA). He worked as
Adjutant Professor in Dept. of Mechanical and Nuclear Engineering at Pennsylvania State University
(USA) in 2005, and Chairman of Department of Mechanical Engineering at National Chung Cheng
University (CCU) from 2009 to 2012. He now serves as an associated editor of Journal of the Chinese
Society of Mechanical Engineers and reviewer for many Journals, such as Journal of Vibration and
Acoustics, ASME, ASA, Journal of Sound and Vibration, etc. His industry background has included
the work in General Electric Co. (USA) and Ford Motor Co. (USA). He also serves as technical
consultant of several machine tool companies in Taiwan.

Dr. Cheng's technical interests lie in the areas of structural acoustics, vibration, smart sensing and
machine health diagnosis and prognosis. He has authored in excess of 90 professional articles
including archival journal papers and professional conference articles in these areas.
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Smart Linear Guideways Preload Monitoring And Stable Machining Techniques for Machine Tools

Two smart techniques based on operational modal analysis (OMA) applied to machine tools are
introduced. The first one is a novel methodology for automatically monitoring preload degradation of
linear guideway type (LGT) recirculating linear ball bearing of an X-Y table. The second is a stable
machining technique using adaptive spindle speed, where the spindle speed is adjusted optimally
according to an on-line machining stability analysis.

By simply attaching three accelerometers on the worktable of a machine tool and then exciting

the worktable with a pulse from servomotor, the worktable natural frequencies and the corresponding
mode shapes are identified based on the method of OMA. It is found that the worktable yawing mode
is most sensitive to the LGT linear bearing preload change and is selected to be the target frequency.
By tracking the change of this specific natural frequency with modal assurance criteria (MAC), the
LGT linear bearing preload degradation can be on-line monitored automatically without taking off
the worktable.

A stable machining technique is introduced as the second applications of OMA. With two

accelerometers attached on the spindle, the dynamic characteristics, i.e. the natural frequency and the
associated damping corresponding to the spindle-tool system coupled with the cutting impedance, are
identified during the machining process using the OMA. With this information, the stability lobe
diagram (SLD) which determines the optimal spindle speed is obtained and then the spindle speed is
on-line adjusted accordingly. This proposed adaptive spindle speed machining technique is integrated
with CNC controller and its performance in machining is assessed experimentally.
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