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Evaluation Technology for Brake Performance of
Tread Brake Shoe
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Abstract — In tread brake of freight cars, brake force is produced by the friction between the wheel and the brake
shoe. Friction coefficients associated with the brake power, weight variation and brake shoe types should be sen-
sitively treated as the design parameters. The conditions of the car, empty and loaded, should also be taken into
consideration in brake force design and the control of brake force has some limitations in terms of the brake sys-
tem design so that the brake friction materials selection should be considered as important measures to solve that
difficulties. Friction characteristics of brake friction materials should remain within the range of maximum and
minimum value and the friction performance should remain stable regardless of brake time and temperature. This
study presented an experimental evaluation method to secure optimum brake performance by keeping safe brake
effect and brake distance by the friction coefficient of the brake shoe of the freight cars.
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Table 1. Braking performance data of the freight
cars
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Fig. 1. Instantaneous friction coefficient of cast iron
brake shoe.
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Table 2. Calculation of emergency braking distance
for cast iron brake shoe
(Diesel locomotive 1 + Freight car 9)

Parameters Spec. Parameters Spec.
W(ton) 19~72 17 0.11+0.02
L(ratio) 4/1.921 t(sec) 2.5~3.5
BC d(cm) 35.56 Ru(kg/Ton) 9.82
N(ea) 2 r(kg/cm’) 0.35
p(kg/em’) 1.6~3.87 r2(kgf) 204x2

Brake cylinder type
K2 P4a
EC LC EC LC

70 02142 186 254 203 215
90 0.1768 344 479 365 386 E(C:Eg:dpgi EZ?)
110 0.1393 613 865 639 674

Velocity Favg.

(km/h) (KRS) Remarks
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Fig. 2. Calculation results of emergency braking
distance of freight car.
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Fig. 3. Relationship between brake force and adhesion
force.
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Fig. 4. Variation of braking force, adhesion force and

average friction coefficient depending on velocity.
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Table 3. Comparison of standards of resin and composite brake shoes depending on items (KRS)

Item Resin

Composite

Standard KRS2242-2059

Initial braking speed 33, 65, 95(km/h),

Average friction coefficient

Hot spot temperature
Compressive strength
Impact strength

Wear 0.120 mm less than

5 times at each time
Average 0.12+0.02(95 km/h)

10 times braking, 475°C less than
500 kg/cm* more than
2.0 kg/em® more than

KRS2240-2489

35, 65, 95, 110(km/h),
5 times at each time

Average 0.1220.02(95 km/h)
0.11:£0.02(110 km/h)

10 times braking, 475°C less than
60 N/mm’(MPa) more than

3.0 kg/cm® more than

0.040 mm less than
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Table 4. Comparison of friction coefficient and braking force for domestic and international brake shoe

Favg. (fm, v=120 km/h) Force
KNR uUIC AAR JIS
Cast Resi C it C it C it (kgfwheel)
as esin omposite omposite omposite . empty/ioaded
iron (v=93) (v=110) 2.06t< Jurid Composite  (v<95) (v>95) Py

0.130 0.10~0.14  0.09~0.13 0.185

0.20~0.26

0.24~03  0.06~0.09 0.18~0.30 1,941.0/5,530.2
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Fig. 5. Average friction coefficients depending on
velocity (UIC).
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Fig. 6. Instantaneous friction coefficients depending
on velocity (JIS).
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Fig. 7. Average friction coefficients versus velocity
depending on various brake shoe specimens.
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Table 5. Test results of brake shoe 4815C depending
on test parameters

Test parameter Target spec. 4815C
Specific gravity 1.75-2.00 1.81
Hardness Rockwell(HRR) 75-100 82,85,87,95
Cross break strength(N/cm’) 1500< 213072340
Crushing strength(N/cm®) 2500< 3780/3640
Modulus of elasticity(N/em®)  8500<  87590/88230
Pull off strength(N/cm®) 13000< 17860
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Table 6. Major evaluation parameters and proposed criteria of the brake shoe considering brake performance

improvement

Evaluation parameter

Proposed criterion

References

Emergency brake
distance(110 Km/h)

Average friction coefficients
(V=120 Km/h)

Wear(x10™ mm)

Maximun contact temperature
between brake shoe and tread
(10 times)

Surface of wheel tread
weight(kg)

Flat prevention

600 m less than

0.200+0.03(35 km/h)
0.165+0.02(95 km/h)
0.1500.02(120 km/h)

40x10” mm less than
[5 times at each velocity]

Wheel tread temp.
(375°C less than)
Shoe temp.
(150°C)

No thermal crack
4~6kg

Brake force
<Adhesive force

Design sheet(V=120 km/h, 900 m)

KRS 2240-2489(0.11+£0.02, V=120 km/h)
Mass moment of inertia(170 kg - m - 5°)

3 months more than(JIS & KRS-resin 0.14 mm)
3 times more than existing one
(Resin 120x10” mm less than, 15~25 days)

KRS 2240-2489(475 less than)
UIC 541-4(375 less than), AAR (310 less than)
JIS wheel tread-300 less than(surface 10 mm)
JIS shoe-300 less than(surface 5~10 mm)

KRS, UIC 541-4
8~10kg

Flat phenomenon prevention before stopping
depending on velocity
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