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4.4.3 Advantages of Cepstrum ' ; k . 118 
References --i - - | ; - ; 121 

5 Order Analysis f - , 123 
5.1 Speed Rotation Measurements 124 
5.2 Order Analysis Based on External Sampling Frequency 125 
5.3 Digital Order Tracking j . . -\\6 

5.i . / Uniformity of Rotation '̂ 132 
5.4 Frequency Domain Analysis Methods (Multispectral, Slice Analysis) 133 
5.5 The Use of Order Spectra for Machine Diagnostics - • , •. • 137 
5.6 Averaging in the Time Domain • -. 138 

5.6.1 Principle of Averaging in the Time Domain -.nc :: 139 
5.6.2 Synchronised Averaging as a Comb Filter -. . - - 141 

5.7 Time Domain as a Tool for Gear Mesh Analysis - 143 
5.7.1 Averaging of Re.sampledSignals ' . . "> , -ly 143 
5.7.2 Effect of Load on the Averaged Acceleration Signal ^ J ; . - . . • 144 
5.7.3 Average Toothmesh :• y ^ 145 
5.7.4 Angular Vibrations , - L 150 
5.7.5 Effect of Averaging 154 
5.7.6 Accuracy of the Incremental Rotary Encoders 156 
5.7.7 Comparison of Averaging in the Time and Frequency Domain 160 
References 160 

6 Tracking Filters 163 
6.1 Interpolation of the Instantaneous Rotational Speed 163 
6.2 Quadrature Mixing as a Method for Amplitude and Phase Demodulation 164 
6.3 Kalman Filter 168 

6.3.1 Examples of the Use of the Kalman Filter 172 
6.4 Vold-Kalman Order Tracking Filtration - 174 

6.4.1 Data Equations of the VK-Filter 175 
6.4.2 Structural Equations of the VK-Filter First Generation \11 
6.4.3 Structural Equations of the Second Generation of the VK-Filter 178 
6.4.4 Global Solution of the Single Order Tracking Filtration 179 
6.4.5 The Tramfer Function of the VK Filter 183 
6.4.6 Bandwidth of the VK Filter 184 

^ 6.4.7 The Frequency Response of the VK Filter 191 
6.4.8 Global Solution for the Multiorder Tracking Filtration 194 
6.4.9 Analytical Solution for Decoupling of Two Components 196 
6.4.10 Iterative Methods of Solution 196 



X Contents 

6.4.11 PCG Iterative Method / 200 
6.4.12 Initial Gue.s.s for the Iterative Solution 201 
6.4.13 Comparison of the VK Filter of the First and Second Generation 203 
References 206 

7 Reducing Noise of Automobile Transmissions V 209 
7.1 Normal Probability Plot • " " 209 
7.2 Transmission Error Measurements " 210 

7.2.1 Averaged Transmission Error for a Circular Pitch Rotation 212 
' '( 7.2.2 Transmission Error Measurements during Many Revolutions i^'i''' 

of Gears ^.. : 215 
7.3 Case Study - • :| • • - i J i a "'"X 

7.3.1 Historical Notes ( ' • " ^'l.m \ 
7.3.2 Vehicle Pass-by Noise Measurements ' 220 
7.3.3 Estimation of the Doppler Frequency Shift • , 222 
7.3.4 Pass-by Noise Analysis with the Use of the Vold-Kalman Filter 223 
7.3.5 Factory Limit for the Gearbox SPL 225 

7.4 Gearbox Improvement Aimed at Noise Reduction . . , \ 226 
7.4.1 Gearbox Housing Stiffness 227 
7.4.2 Geometric Design of Gears • ^ 228 

7.5 Effect of Gear Quality on the Gearbox SPL ,. 230 
7.6 Effect of Operation Conditions on the Gearbox Vibrations --';v.^ 231 
7.7 Quality Control in Manufacturing t :. 233 

References v.^ : 234 

Index 237 


