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Study of Friction Characteristics of Non-asbestos Organic (NAO)
and Semi-metallic Brake Pads During Automotive Braking
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Abstract—Frictional characteristics of two different types of automotive friction materials were stu-
died. They were non-asbestos organic and semi-metallic friction materials. The two friction materials
were tested using an inertial brake dynamometer to investigate friction stability, rooster tailing
phenomena, temperature change during drags and stops. Results show that the level of the friction
force is strong functions of time, temperature, and speed regardless of the type of friction materials.
In particular, rooster tailing effects are pronounced in the case of semi-metallic friction materials com-
pared to non-asbestos organic friction materials. The phenomena appear strongly dependent on raw

materials contained in the friction materials.

Key words—friction materials, friction stability, non-asbestos organic friction material, semi-metallic
friction material, drag test, stop test, friction characteristics.
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Table 1. Major raw materials used for manufacturing the two friction materials; NAO-23, and SME-58
Raw Materials NAO-22 (non-asbestos organic type) SME-58 (semi-metallic type)
Binder Phenolic Resin (Novolac) Phenolic Resin (Novolac)

Aramide type+Others
Rock Wool+Others

Organic Fiber
Ceramic Fiber

Aramide type

Metals Cu fiber+Cu particles Others Steel Fiber+Iron Powder+Others
Lubricants Graphite+ZnS+Others Graphite+MoS,+Others
Abrasives Zr0,+0thers Si0,+Others

Fillers Bayrite+Mica+Vermiculite+Others Bayrite+Vermiculite+Others

Friction Modifiers Rubber Powder+Others

Rubber Powder+Others
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Fig. 1. Microstructure of friction materials NAO-23
and SME-58. These micrographs are back-scattered
electron images of SEM and show typical mi-
crostructures of NAO type and semi-metallic type fric-
tion materials.
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Fig. 2. A schematic diagram of the front brake as-
sembly used in this experiment.
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Table 2. Semi-quantitative composition of the friction materials (weight percent) from XRFS analysis

Al Sb Ba Ca C Cu

Fe Mg Mo K Si S Others

NAO-23 4.8 7.7 20.0 35 223 8.5
SME-58 1.0 3.4 15.2 0.6 27.1 7.7

14.3 0.1 - 23 6.9 39 bal.
23.1 28 2.0 0.3 3.1 3.9 bal.
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Fig. 3. Change of temperature at rotor, inboard pad,
and outboard pad locations for (a)NAO-23 and (b)
SME-58 friction materials during stop test. Stop con-
dition : initial brake temperature=65"C, initial speed:
100 km/h, applied pressure=1.4 MPa.
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