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The Failure Mode Analysis of Machine Tools using Performance Test and

Development of Web-based Analysis Program

S. H. Lee(Mech. & Ind. Eng., Ajou Univ.), J. S. Kim, Y. W. Park(Mech. Eng., Ajou Univ.)
J. Y. Song, S. W. Lee (Automation Eng., KIMM)

Abstract

In view of reliability assessment, the failure mode
analysis by performance tests for machine tools is
researched in this study. First, the error analysis with
circular movement test data is studied. The various
errors and their origins are analyzed by the error
equations and then related parts and failure modes are
investigated. Second, This paper deals with analysis of
vibration testing for machine tools spindle. The various
frequency components are classified by fourier
transform and order analysis. The simple measuring
devices and web-based analysis programs for each test

are also developed.
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Fig. 3 Measured circular movement error signal

Table 1 Result values of circular movement error
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Table 2 Analysis result of each error

& R e 32.026 40.74
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Table 3 Cause of each error and related parts

ek AFRE/ AR E

. Ball screw / overheating, pitch error
Scaling error . .
Axis tape / tensioned

Axis / misalignment, bent

Squarel
quareriess Guideway / worn
Straightness Guideway / bent, misalignment
Backlash Bal'l screw / excessive windup, worn
Guideway / worn
Lateral play Guideway / looseness
Stick slip Guideway bearing / worn, lack of lubrication
. Encoder / eccentric
Cyclic error

Ball screw / eccentric

. Servo-motor / inadequate torque
Reversal spikes 4 . 4
Inadequate response time

Servo mismatch | Servo loop gains / mismatched
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Fig.4 Web service program for circular test data
analysis
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Fig. 5 Schematic diagram of vibration data analysis
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Fig. 7 Waterfall diagram
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Table 4 Cause of each frequency component and related

parts of machine tool

g4 70 | 99 HPE/IFE
1X 2y y Spindle / out of balance
1X, 2X, 3X g e Spindle / misalignment
1X, 2X 553 Shaft / bent
1X,2X ZE 2y Shaft / crack
IX, harmonics | % =<3 Parts / looseness
2X ZE 8|} | Shaft/ asymmetric
High freq. dlo]&d v} 2 | Roller bearing / worn
0.35~0.47X F9uold | Fluid film bearing / worn
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Fig. 8 Web service program for vibration test data

analysis
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