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A Study on Development of the Tongs Apparatus for Curbstone
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{ Abstract |

In this research, it has been developed the tongs mechanism by a friction force for curbstone working. This tongs
apparatus was formed to grip and rotate the rectangular curbstone. Specification of this tongs apparatus has been
determined by considering a loading weight and reversal load preventing reversal of 1.5 ton excavator. And,
specification of the linear actuator has been determined with considering mechanical structure and the operation power
demanded by the grip pad friction of tongs apparatus. The safety of the part has been examined from the 3D numerical
simulation of the tongs apparatus. The operation system has been arranged to grip and rotate curbstone by on-off
switching. The prototype has been established to carry out experiment after installing 1.5 ton excavator.
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10  Curbstone 100 Connection part
110 Body 111 Rotary actuator part
120 Linear actuator part 121 Grip finger part
122 Connecting bar part 130 Grip pad part

140 Safety device part 150 Spring part

160 Guide part

Fig. 1 Schematic diagram of tongs apparatus
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Fig. 2 Coordinate system of tongs apparatus
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Fig. 6 Relation of cylinder force and friction coefficient
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Fig. 7 Relation between cylinder force and friction
coefficient by numerical simulation
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Fig. 9 3D-CAD model of the tongs apparatus

Table 1 Design specification of the tongs apparatus

Items Substance

Test equipment 1.5ton excavator

Curbstone Spe'c Max 250x250x1000(mm)

Grip width Max 300(mm)
Grip weight Max 200(kgf)
Friction material brake lining(0.3~0.4)
working pressure | Max 165bar
. cylinder diameter 70mm
Linear actuator -
cylinder stroke Max 100mm
output: Max 5,000kgf
working pressure | Max 210bar
rotation angle 180°
Rotary actuator
normal torque 720N.m
Axial force 18,000N

For rotary actuator

| X m For selection

-
'
'

For linear actuator

O
W

pressure safety
valve

AT B7

Fig. 10 Hydraulic circuit diagram of driving system
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Fig. 11 Prototype of the tongs apparatus
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Table 2 Standard of the road boundary stone for test

dimension(mm) weight
Case - - mark
width | thickness | length | (kgfd)
Case 1 100 100 1,000 | 65.00 | linear
Case 2 150 150 50.00 | round
Case 3| 200 250 1,000 | 133.0 | linear

() 91 (¢) Case 3

(b) Case 2

© (d)
Fig. 12 Application test of the tongs apparatus
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[Al] The coordinate system for mathematical modeling

of 1.5ton excavator

[A2] Parameter for simulation of tongs apparatus

Symbol Value Symbol Value
L, 85.51(mm) L, 0 ~90
L, 290.92(mm) 0, 168.45°
L, 322.46(mm) b4 17.04°
L, 284.8(mm) 9,5 39.64°
L 128.0(mm) Ly, 72.52(mm)
L, 64.0(mm) 05 105.46°
L, 291.4(mm) L, 64.523(mm)

[A3] Parameter for a strength analysis

Parameter Value

Material Structural Steel(ASTM-A36)

Young modulus 200GPa

Poisson ratio 0.266

Density 7860[kg/m’]

Coefficient of

. 1.17x10-5[mm/m.°C]
thermal expansion

Yield strength 250MPa
Working force
(for analysis) 20,000(N]
a b
Number of nodes @ ®) © ©
128,660 | 151,990 | 231,925
Number of elements| 73,457 87,808 155,930




