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Abstract: Thermal energy generated because of the friction between the disc and pad is transferred to both sides and
causes thermal expansion of the material, which affects the contact pressure distribution. This phenomenon, which is
called thermoelastic instability (TEI), is affected by the natural mode of a disc. TEI results in the formation of a hot spot
and causes hot judder vibrations. In this study, three-dimensional analysis of the hot judder of a ventilated disc for
automotives was performed by using the commercial finite element analysis program, SAMCEF. The intermediate
processor based on a staggered approach was used to exchange the result data of the mechanical and thermal model.
The hot spot was formed on the surface of the disc, and the number of hot spots was compared with the natural mode of
the disc.
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Startintegration (t=0)

= Initial equilibrium (Mechanical model)

« Initial steady-state {Thermal model)
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Step 1 : Thermal Analysis

SAMCEF/Thermal

Thermal model

= Update nodal temperatures

U

Step 2 : Coupled Analysis (Two-way)

- Thermal expansion & material
properties variation by heat

SAMCEF/Mechano

Mechanical model

- Mechanical energy
due to friction contact

- Nodaldisplacement
- Nodal termperature

Thermal model
SAMCEF/Thermal

- Convert mechanical energy to
heat flux

Fig. 1 Data exchange strategy
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Table 1 FE information

Disc Pad
Element type Hexahedron Hexahedron
No. of nodes 24,048 2,250
No. of elements 15,696 1,599

(a) Disc

Table 2 Material properties of FE models

Disc Pad
Elastic modulus 135 GPa 3 GPa
Poisson' ratio 0.29 03
(b) Pad Mass density 7,200 kg/m’ 2,150 kg/m’®
Thermal exp. | s 1o5¢ | 076x 10%C
coefficient
Thermal 53 W/m'C 1.5 W/mC
- conductivity
_lmP:(E  betfimer - ]
N> ; Mass Capacity 642 J/kgC 465 J/kgC
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Table 3 Modal analysis results of a disc

Frequency
(Hz) Error
No. Exper- | Simul- Mode shape (%)
iment ation
1 | 1,100 | 1,108 0.7
2 | 2464 | 2515 2.1
3 |3,968 | 4,036 1.7
4 |55 | 5612 1.6
5 | 7,140 | 7,221 L1
6 |8772 | 8863 1.0

» Pad pressure (Pad)
bar
2=

0 0102 100
Time (s)

+ Rotational speed (Disc)
RPM

0 5102 100

Time (s)

® =400 rpm
600 rpm
800 rpm
1000 rpm
1200 rpm

Fig. 4 Boundary conditions for hot judder simulation
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(¢) ® = 800 rpm, Max. Temp =482 C

(d) ® = 1000 rpm, Max. Temp = 696 C

(e) ® = 1200 rpm, Max. Temp = 1351 C

Fig. 5 Hot spot distribution according to the rotational velocity of the disc
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