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Tribological Characteristics of Brake Disc for Train

Sangho Kim' and Hisung Lee’

Graduate School of Railroad, Seoul National University of Technology

Abstract ~ Mechanical Brake system is inevitable equipment for stability of train and speed growth of the train.
Especially brake disk and brake pads are core parts of mechanical brake system. It was investigated with tri-
bological characteristics of brake discs for train by using lab-scale dynamometer. Gray cast iron disk was most
attacked with sintered brake pad. Alloyed steel disk and NCM cast iron disk had suitable friction coefficient, high
stability and low disk attack to the sintered brake pad. But at the view of economy, low alloyed cast iron will

be most suitable choice.

Key words — brake disk, brake pad, friction coefficient, disk attack, stability.
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2-1. Al ®

2-1-1. MISH 2= (brake disk)

2 Ao 352 (Gray Cast Iron), AgE+2
(Low-alloyed Casting ITron), A3 27 (Low-alloyed
Heat Resistance Steel)S T2IAZE 3tod A P31
th Table 19 Algo] AR Uiz} = z23e
HERA AT

ATEFEDID AT I
230 AREH I o, A7 (DI KTX9}
= ASHE(GAEA AMSEE tlaa Ado)

o). Table 2= A¥o] AHE T2 A9 bt %
& Table 32 7144 43€ tehhoick
2 Qo] A S aast AgERE U . |
&

= . - >
I F2 F VNGER, ARG vxEs ¢ Do

2
T8 PR DAY T /AT ARG N
(Fig. 1, 2). ©
Fig. 3& 2 7o) AE 3173 t)ame] @z

ZA 02 HEfo|E(Ferrite)?} BElo|E (Pearlite) T3 —" '
713 Matrix)E 514, S (Graphite)2 A Typeols, # Aa B
5o A7) Dol AFEI). Fig 4= AEEFA Fig. 2. Schematic of brake disk.

Fig. 1. Brake disc for test.
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Table 1. Materials coupling for test

PAE:] Brake disk Brake pad

No Material Mark Material Mark
I 3]5-3(Gray Cast Iron) DI PI
I AE3 F2(NCM Cast Iron) DII aAuiA PIT

(Sintered Friction Material)
m A2 €7} (Heat Resistance Steel) DHI PIIT

Table 2. Chemical composition of the disk materials

A A C Si Mn P S Ni Cr Mo v
ki ] 3.00~3.88 2.20 0.59 0.061 0.062
gt 4 3.30~3.70 1.10~1.60 0.6~1.0 <0.16 <0.12 12~20 03~06  0.3~05 -
A He7d 024~031  04~0.7  05~09  <0.025 <0.025 <0.40 1.3~1.6  0.6~0.9 0.20~0.40

Table 3. Mechanical Properties of the disk materials

Tensile strength (Mpa)  Yielding strength (Mpa) Elongation (%) Hardness (HB)
3|4 271 233 1 214
AT FH 282 240 1 215
PRl PR 1,160 950 12 336
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Fig. 5. Microstructure of low alloyed steel.
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Table 4. Formulation of pad material for middle speed
train

Matrix Friction Modifier Lubricant
Cu Fe Sn SiO, ALO:; 7lg} C etc
50~60 5~20 1~6 1~5 1~4 5~15 10~20 -

Table 5. Mechanical properties of brake pad

Hardness Density Shear stress
(HRR) (g/cc) (kgf/mm?)
90~115 4.8~5.1 32~34

Fig. 6. Microstructure of brake pad (X50).
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Fig. 8. Lab-scale dynamometer.

Additional inertial mass

Fig. 9. Schematic of lab scale dynamometer.
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Table 6. Specification of lab. scale dynamometer

Part Specification
Disk size ¢110x6¢

Using 2 friction materials
Friction Area : 11.2 cm’

Friction material

Disk speed 100~6,000 rpm(Normal 4,500 pmd)
Force 10~500 kgf
Inertia mass Base Inertia : 0.40 kg-m’
Max Inertia : 1.25 kg-m’
Torque 25kgf-m (Max 35 kgf-m)
Motor DC : 7.5kW
Cooling Max 11 m*min
Test mode Pressure, Torque Control, Parking

* Revolution speed

+ Stop Time

*Disk & Pad Temperature
* Pressure, Torque

Data aquisition

Table 7. Test conditions for lab. scale dynamometer
test

Inertia Pad Effective Cylinder
mass area radius area
0.095kgf'm-s° 11.2cm’ 0.044m  7.069 cm’
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Table 8. Bedding program for LSD

Test Pressure  Speed (rpm) Stop

n

Sequence mode (kgfiem®)  Sgrt Stop No

1 1.8 20
R — 1,097 _—

2 20
——— Pressure 5

3 30

1,645
4 30

Table 9. Main test program for lab. scale dynamo-
meter

Test Pressure  Speed (rpm) Stop

Sequence mode (kgflom®)  Start Stop No
I 1,645 50
2 Pressure 5.5 2,194 10 50
3 2,742 50
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Fig. 10. Relation between friction coefficient & sta-
bility at different brake speed for DI
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Fig. 11. Relation between friction coefficient & stability
at different brake speed for DIL
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Fig. 12. Relation between friction coefficient & stability
at different brake speed for DIII.
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Fig. 18. Friction surface of PIL.
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Fig. 25. Morphology of NCM cast iron disc after test.

i :

Fig. 26. Morphology of alloyed steel disc after test.
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