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Analysis of the Friction Characteristics of Parking Brake for
Excavator According to Manufacturing Methods of Friction Disc
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Abstract : The parking brake embedded in track driving motor for driving an excavator is composed of wet type
multi-friction discs. This type parking brake can be designed more compact because the combination of some

sheets of friction discs generate great braking power, and also it has good braking characteristic and long life time
because it works in the oil. In this study, we analyzed torque characteristic of the parking brake through

simulations and performed experiments by use of 3-kinds of paper friction sheet manufactured by different

pressing methods. And, we compared the maximum static friction coefficient and torque characteristic with the

simulation results and confirmed the optimal manufacturing process through this result.
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: Coil PCD (mm)

N

IS)

d : Wire Diameter (mm)

F, : Axial Force (V)

G Module of Elasticity (N/mm?)
k : Spring Constant (N/mm)

N,  The number of Active Coil Turns
: The number of Friction Surface
. The number of Spring

: Effective Radius (mm)

Ty * Brake Torque (N « m)

§  Displacement of Spring (mm)
i Coefficient of Friction
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Fig. 2 Components of parking brake
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Table 1 Characteristics of friction material®

. . . Static/ .
Material |Dynamic| Static | Relative .
L L Dynamic Durability
Type Friction | Friction i Cost
Ratio
Good to
Sintered 0.05/ 0.11 . .
Bronze | 009 | /0.1 | High | High ) Very
Good

Low

Static 0.14 0.14 Low Low Good

Paper

High
Durability| 0.11 | 0.14 |Moderate| Low Very

Good

Paper

High .

Staic | 010 | 018 | High | Low | fAr

Good

Paper

- Moderate | Very

Graphitic | 0.12 0.15 | Moderate fo High Good
Polymeric| 0.11 0.15 |Moderate| High | Excellent
Millboard/| 0.06/ Moderate Fair to

Molded | 0.09 | U1 | 1o High |MO%THE| Goog

. Very

Woven 0.10 0.16 |Moderate| high Good
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Fig. 3 Comparison of energy absorption capacity of
various wet friction materials”
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Fig. 4 Flow sheet diagram of friction materials”

Table 2 Composition ratio of friction materials for

parking brake

Materials Compositions Ratio (%)
linter pulp 41.2
Silica sand 9.2
Bengala 4.0
Calcium carbonate 4.6
Zinc oxide 53
Diatomaceous earth 16
Kasolite 23
Surfactant 43
Adhesive 4.8
Etc. 8.6
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3.1 Modeling & Simulation
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Fig. 5 Simulation model of test mechanism for

parking brake
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Clutch
Switching Signal S | ‘— vlﬁ
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Dizk Thickness D: |3.5 | ‘mm v|
Mo, of Friction Surfaces ng: |8 | ‘— v|
Static Friction Coefficient mul: |U.14 | ‘— v|
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(a) Photo of test mechanism for parking brake
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(b) Simplification of test equipment

Fig. 8 Test equipment for parking brake

Table 3 Specifications of sensors

Sensor. Item Specifications
Measuring Range 0~70 [MPa]
Stability 2 [%] FS max.
Pressure Linearity 0.1 [%] FS
Sensor
Hysteresis 1 [%] FS
Rated output 0~10 [ V]
Measuring Range | -5000~5000 [ /Nm]
Accuracy +0.5 [%]
Torque Reliability 0.3 [%] FS
Meter Rated output 0~10 [ V]
Hysteresis 2 [%] FS
Torqqe signal with 6 [kH2]
limit frequency
Measuring Range 0~5000 [rpm]
rpm Number of 60
Sensor | pulses/revolutions
Output signal 24 [V]
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Table 4 Specifications of parking bake system &

friction disc

No Item Specification

1 Wire diameter (d) 4 [mm]

2 Coil PCD (D)) 16.5[mm]
External diameter (d,) 20.5[mm]

Number of

s active coil turns (V) 4155

5 |Spring constant load rate (k)|133.08 [~N/mm]

6 | Module of elasticity (&) | 78435 [N/mm?]

7 Number of spring (n,) 14

8 | Displacement of spring (¢) 6.9 [mm]

External radius of

¢ Friction disc (r,) 109.4 [mm]
Internal diameter of

1 Friction disc (r;) 1025 [mm]
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(using two friction discs)
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