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The Origin and Effect of Hot Spot Phenomena on Judder Vibration in
Automotive Disk Brake
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ABSTRACT

Hot spot phenomenon is caused by non-uniform contact area between brake pad and disk frequent braking.
Brake disk deformed by locally concentrated heat increases magnitude of frictional vibration. And this
deformation can highly influence the judder vibration. In this experimental study, vibration and hot spot was
measured in accordance with rotation of disk and pressure of master cylinder for finding the factors that
causes hot spot phenomena. For comparing hot spot aspects with mode shapes of disk, mode shapes were
measured by conducting modal test, and analyzed by using finite element analysis. Relation between hot spot
phenomenon, and mode shape, pressure of master cylinder and rotation speed of disk respectively, was
achieved by hot spot measurement and frequency analysis.
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Table 1.Material Properties of Brake Disk and Pad
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Fig. 1 FE Analysis Results: Mode Shape of Brake Disk
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Table 3. Results of FEA and measuring of mode
frequency and shape of brake disk

Mode FE Analysis (Hz)  Experiment (Hz) Error(%)
7th 1,183 1.156 2.3
10th 2,660 2,650 1.2
16th 4,252 X -
25th 5,900 X -
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Fig. 2 FRF curve of brake disk



FFASANFEEE3 2006 FASEN =TT

" (a) 1156Hz
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Fig. 3 Mode shape of brake disk
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Fig. 5 Hotspots at 1500rpm (1.5bar and 2bar)

Fig. 6 Hotspots at 1800rpm (1.5bar and 2bar)
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(b) 1500rpm

(c) 1800 rpm
Fig. 7 Auto-power spectrum at idle condition

(a) Auto-power spectrum (1.5bar)
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Fig. 8 Auto-power spectrum and cepstrum at 1320rpm
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(c) Auto-power spectrum (2bar)
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Fig. 9 Auto-power spectrum and cepstrum at 1500rpm
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Fig. 10 Auto-power spectrum and cepstrum at 1800rpm
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