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Abstract : Cross-drilling and slotting on the frictional surface of a brake rotor are methods used for improving the
performance of the brake system. These shapes have particular advantages, such as the shaving effect of a slotted shape,
which maintains a clean pad-to-rotor contact surface, and the venting effect of a drilled shape, which provides
passageways for the gas to escape. In order to understand the effect of the machined pattern on the brake performance
aspect, an experimental method is adopted along with the dynamometer test. The cross-drilled rotor, slotted rotor, and
mixed pattern rotor with cross-drilling and slotting machining are prepared and tested in terms of friction coefficient,

temperature, braking torque, and noise.
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Fig. 1 Machined patterns of disc brake rotor : (a) cross-drilled
hole pattern, (b) slotted pattern
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Table 1 Chemical composition of the gray cast iron (wt.%)

Carbon
equivalent

342 | 2.02 | 0.64 | 0.02 | 0.09 | 0.20 4.10

C Si Mn P S Cr

R 138.0mm

R 75.5mm

H 21.3mm

H 26.0mm

Fig. 2 Geometry of used disc brake rotor

Cross-Drilled Hole
Slotted Pattern

Vent

Fig. 3 Machining pattern alignment on rotor friction surface
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Fig. 4 Patterns on rotor friction surface : (a) cross-drilled

hole pattern, (b) slotted pattern, (c) combined pattern:
cross-drilled hole and slot
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Fig. 5 Dynamometer used for experiment

Table 2 Dynamometer information

Information Specification
Rolling radius 327.0 mm
Wheel load 682 kg

Gross axle weight 1232 kg
Inertia 72.99 kg + m’
Piston diameter 60.0 mm
Effective radius 111.0 mm
Number of piston lea

goll= Table 20 Aw e T8 & 2pF] Aol
A5 ¢ 2™, FMVSS No. 135(Federal Motor Vehicle
Safety Standards, Light vehicle brake system)” 2 SAE
1252179 2154 Table 39] Al%E 25 Tl B
glol= A se Al stttk

Test Section Description
Friction Warm ramps 5 ramps; 100 km/h; 12 MPa; IBT65-100 °C
Burnish 200 stops; 80 km/h; 0.31g; IBT100 °C

Cold effectiveness

6 stops; 100 km/h; 0.9g; IBT100 °C
6 stops; 160 km/h; 0.8g; IBT100 °C

Failed power-brake unit

6 stops; 100 km/h; failed booster pressure or 0.26 g; IBT100 °C

Friction and Fade heating snubs

15 snubs 120-60 km/h; 0.31 g; 55 °C, then every 56 seconds

Hot performance

Temp. 1 stop; 100 km/h; BCE; 20 sec after snub
1 stop; 100 km/h; 0.9g; 20 sec after stop

Cooling stops

4 stops; 50 km/h; 0.31g; 1.5 km distance

Recovery performance

1 stop; 100 km/h; BCE; 1.5 km distance
1 stop; 100 km/h; BCE; 20 sec after stop

Torque Warm ramps

3 ramps; 50 km/h; 6 MPa; IBT65-100 °C
To be done after temperature tests.

Reverse module

50 drags; -3 & 3 km/h; 0-20 bar; IBT 150-50 °C

Stop module

108 stops; 50 km/h; 5-30 bar; IBT 50-250-50 °C

Noise Matrix module

266 drags; 3 & 10 km/h; 0-30 bar; IBT 50-300-50 °C

Friction module

6 snubs; 80-30 km/h; 30 bar; IBT 100 °C

Warm-up module

24 stops; 50 km/h; 5-30 bar; IBT 100-150 °C
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Fig. 6 Friction coefficients measured under warm ramp stops
condition for 5 times by patterns
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Fig. 9 Rotor temperature measured under various step stops condition by patterns
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Fig. 11 Braking torque measured under warm ramp stops
condition for 3 times by patterns
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Table 4 Braking torque experiment data measured by patterns

Pressure @ Max. torque Overall Max. Ratio between Average
Type Stops Max. diff. diff. (A) torque (B) (A) & (B) (O/)g
(kPa) (Nm) (Nm) (%) ’

1 3,357 218.1 1,636 133
Hole pattern 2 3,178 225.1 1,612 14.0 13.6

3 2,970 217.2 1,598 13.6

1 3,645 215.7 1,532 14.1
Slot pattern 2 3,775 223.2 1,533 14.6 14.2

3 3,849 214.6 1,527 14.0

1 2,869 188.7 1,616 11.7

Combined pattern 2 3,310 205.8 1,617 12.7 12.3
3 3,190 204.7 1,632 12.5
Brake-In Friction Stop 1100 5
30 braking I I 6 braking 108 braking l —
Reverse __ 900 i
g
T 80.0
Warm up E 70.0 HER
24 braking 3 oER 2
y “:'. 60.0 1 - 1 i = O Combination_Warm
e B g 5 §=§ ® Combination_Cold
266 braking 266 braking “s009 {§'=‘ A ’:::::':"::"
40.0 4 = Hole__Warm
24 braking 18 braking 30.0 T T T J
0 5000 10000 15000 20000

Reverse
50 braking

Temp Fade

15 braking
o

108 braking 6 braking

Fig. 12 Braking noise testing procedure of SAE J2521”
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