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Automotive Brake Disc Pad with Stable Friction Coefficient

oooox*
oooo*

oooo*
oogo*

Manabu Ono
Mitsuo Unno

Teruyuki Nagayoshi
Tutomu Kaburagi

pgooobooooootoootboootooobooobooooooooooobooooon
oooboooooooooboootbooobooooooooooooooooooon
ooobooooooooobooobooobooooooooooooooooooon
Dooooooooooooooboooooooooooooooooooooon
Ooooooooooooooooooooooooooooooooooooon
ooooo0oooooooooooooobobooooooooooooOoNAOCO O
gooooooooooooooooooooooooboooboooboooooob
goooooooooooooooooooooooobooobooobooooooo
gooboooooooooooooboooooooooooobooooooon
goobooooooooooooobooooooooobooobooobooooobooon
OooooboooobooooobooNACODOOO0OO0DOO0OO0DbDOoOooOn

Automotive brakes should have a minimal brake squeal and vibration as well as high
and stable effectiveness. Accordingly, the disc pad used for automotive brakes need to
have a high and stable friction coefficient, under high temperature, high speed, and wet
conditions as well as under normal condition. They also should have stable friction
coefficient during low pressure braking after continuous high pressure braking on the
assumption that the brake power unit becomes inoperative. Non-asbestos organic (NAO)
disc pads mainly used in Japan contain phenol resin, organic fibers, and organic filler.
They have little brake noise and vibration; however, they tend to have an unstable
friction coefficient because the organic materials will decompose and develop
transferred film on the disc rotor during braking. We analyzed the effect of organic
decomposition on friction coefficient variation and have developed a new NAO disc pad
with high and stable friction coefficient.
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Fig. 1 Organic content of the disc pad and minimum friction coefficient at fade

As the organic content of the disc pad increases, more organic materials
decompose under high temperature braking and the friction coefficient falls by the
effect of lubrication of the decomposed materials.
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Fig. 2 Active alumina content versus the relative surface area of the disc pad and air transmission
As the active alumina content in the disc pad increases, its relative surface area and air permeability increases. (The solid line shows the amount of air transmitted

through a 5-mm-thick disc pad at a pressure of 490 kPa.)
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Fig. 3 Friction coefficient at fade

The friction coefficient of the developed
material is higher than that of the conventional
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0 material under high temperature braking
conditions. The minimum friction coefficient at
fade for the developed material is 40% higher
than that for the conventional material.
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Fig. 4 Cross section of the disc rotor after continual braking

The transferred film containing the decomposition materials of disc pad was
observed on the disc rotor surface after 400 brakings at 1300 . The thickness
of the film for the disc pad using resin B was thinner.
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Fig. 5 Friction coefficient and brake noise after leaving cold conditions

Friction coefficient and brake noise were measured during ten brakings after
leaving 50 and 40%RH conditions. Developed material makes little brake
noise because of its low and stable friction coefficient.

0o0ooooooo
ooooooo ooooom
= !
i
0o0o0oooooo
0oooooo oooooo

ooobooboobooooboobooboboobooboooboooo
OO0000o0o0oo0oooo0oo000o0ooo0oo000oo0oooooooooooog
gooo0ooo0oo00oo0oo0oooooooon

Fig. 6 Structure of Brake-caliper, Disc-pad and Disc rotor
The housing of brake-caliper open to outside for disc rotor during high
deceleration braking.
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Fig. 7 Surface temperature of surface of disc rotor during braking

Temperature on outside of the disc rotor was higher during high deceleration
braking; higher temperature parts moved to the inside during low deceleration
braking. This tendency was more remarkable for the brake caliper having lower
bending strength housing. This phenomenon will also be influenced by the
uneven wear of the disc pad.
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Fig. 8 Uneven wear angle of the disc pad versus the decrease ratio of the
friction coefficient

The decrease ratio of the friction coefficient becomes larger with increasing
uneven Wear angle.
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Fig. 9 Difference of temperature between outside and inside surfaces of the
disc rotor during braking

In FMVSS135 test, a maximum temperature difference of 1500 occurred by
the friction heat of braking.
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Fig. 10 Thermogravimetry of disc pad and uneven wear angle for temperature
difference of 1000

The decomposition temperatures of phenol resin and organic fiber
correspond to respective 35000 and 6000 . Under such temperatures, the
uneven wear angle of the disc pad is in correlation with the thermogravimetry.
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