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Photo.1 Rock mass surface excavator
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Photo.2 Roller drum and bit under cutting operation

Photo.3 New cutter bit
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Table1l Vehicle dimensions of rock mass surface excavator

Rock mass surface excavator
Total weight (under operation) 1,421 kN
Total length 14,100 mm
Total width 4,500 mm
Total -height 7,080 om
Cutter drum
Cutting width 3,500 mm
Maximum cutting depth 500 mm
Rotation speed 48 r.p.m.
Drum diameter 1,400 mm
Number of bit 160
Engine
Output power 1,200 PS
Total exhaust gas 37,800 cc
Fuel tank 2,300 £
Belt conveyer
Loading capacity 1,900 n®/h
¥idth of belt 1,400 mm
Length of conveyer 10,300 om
Height of loading 4,880~7,490 nm
Trafficability
Operation speed 0~25 n/min
Running speed without load 0~3.9 kn/h
Climbing capacity 7w /9 rad
Minimum steering radius 15 m
Table 2 Physical properties of hard metal tip
Tip diameter{Breaking strength|{Hardness|Density
(mm) (N/mm?2) HpA (g/em®)
¢ 17.5 1950 85.5 14.60
$19.5 1842 85.2 14.57
625.0 1950 85.5 14. 62
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Table3 Rock and rock mass properties

Name of rock and rock mass Grano-Porphyry
Rhyorite Tuff
Classification of rock mass 1 I jiig
Longitudinal elastic vave V. (n/s) | 1779332 | 1250% 50 | 1650% 50 | 2044+ 424
velocity of rock mass :
Schmidt hammer rebound value 40+.10 15+ 5 38+13 50+ 10
Coefficient of crack C, 0.873 0.894 0.851 0.811
Apparent specific gravity G 2.66+0.02 2.50+0.01 2.53+0.01 2.52+0.02
Absorption W’ % 0.410 2.306 1. 077 0.683
Shore hardness H, 101+ 8 67+ 7 95+ 8 100 9
Uniaxial compressive strength og.o (MPa) 220.7+85.2 65.2%x 7.9 111.6+12.3 154. 0+ 16.2
Longitudinal elastic wave velocity =y oy | 5ogax 490 | 3843 74 | 4271+ 11 | 4698+ 14
of non-fissured rock sample
Amount of Los Angeles abrasion U (%) 4.13 19.54 9. 85 6.54
Quartz content K, 0.350 0.340 0. 340 0.340
Apparent rock mass strength ., (1—C,) (MPa) 27.9+10.8 6.9+ 0.8 16.6+ 1.8 29.1+ 3.1
;“d” of rock mass strength oo  (HPa) 12. 69 0. 89 3.58 8.54
or wear of rippertip
Index of rock mass strength oy 1.556x 1072 | 1.225x 1072 | 1.722x 1072 | 2. 185x 1072
for wvear of cutter bit
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Fig.1 Excavation test site and classification of rock mass
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Table4 Excavation test results

Name of rock and rock mass Grano-Porphyry
Rhyorite Tuff
Classification of rock mass 1 I m
; ¢ 17.5 | 238.8 + 90.8 | 239.3 + 83.1 101.4 = 45.8 43.1 = 15.9
Excavation Volume Q (m3/hr) $19.5 | 212.6 = 97.1 228.4 = 57.3 62.6 = 27.6 3.2 = 6.2
$25.0 | 205.3 £ 70.5 | 217.6 + 55.6 97.9 = 23.1 49.3 =+ 8.5
¢ 17.5 21.9 = 8.7 20.1 = 6.8 14.4 = 5.7 8.4 £ 2.5
Depth of Excavation d (cm) ¢ 19.5 18.3 £ 4.6 20.2 £ 1.7 14.4 = 3.9 11.1 £ 2.1
¢ 25.0 19.7 = 4.6 17.8 = 2.2 12.4 = 2.0 8.2 £ 1.7
¢ 17.5 5.53 = 2.11 5.88 *= 1.82 3.32 = 0.67 2.47 £ 0.53
Excavation Speed V (m/min) ¢ 19.5 5.34 £ 1.36 5.36 = 1.07 2.11 = 0.74 1.61 = 0.42
6 25.0 4.86 + 0.79 5.76 + 0.97 3.73 = 0.48 2.94 £ 0.59
Maximum Excavation torque ¢ 17.5 7 x. 23 80 x 21 2z = 24 139 £ 12
T (kN+m) 4 ¢ 19.5 74 £ 15 89 = 22 124 = 18 131 = 11
¢ 25.0 77 £ 20 93 = 23 141 = 15 160 = 6
: $19.5 Q=—3.887 co(1—C,)+213.4
160
A (1’:—0.407) ............................... ( 4)
e
= 80 $25.0 @=—3.6050,0(1—C,)+215.1
— (y=—0_459) ................................. ( 5 )
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Fig.2 An example of torque variations applied on cutter drum
during one lane excavation test
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Fig.3 Relations between productivity per unit excavation
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Photo.4 Worn cutter bit
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Table5 Amount of excavation and its distribution

\ Diameter of bit |Amount of Excavation| Rhyorite Tuff Grano-Porphyry
0
¢ (om) (n3) (%) I (% o (% m (%)
1 17.5 37.52 7.8 35.0 20.4 36.9
2 17.5 29.47 6.0 38.2 18.1 37.7
3 17.5 34.51 17.2 23.9 47.2 11. 8
4 17.5 44.53 14.6 44.9 23.0 17.5
5 17.5 70.32 32.5 30.9 16.1 20.5
6 17.5 63. 45 24.4 41.6 19.1 14.9
7 17.5 49.92 25.6 46.6 15.5 12.3
8 17.5 44. 86 20.8 44.0 14.2 21. 0
9 17.5 38.70 17.9 55.2 8.6 18.3
10 19.5 67.04 29.3 39.5 16.6 14. 7
11 25.0 54.28 33.7 40.1 13.6 12.5
12 17.5 48.54 46.9 32.8 14. 4 6.0
13 17.5 112.23 53.0 29.5 10.8 6.8
14 17.5 96.59 45.7 52.5 1.8 0.0
15 17.5 10.10 16.3 0.0 45.8 37.9
16 17.5 5.87 21.5 0.0 41.2 37.3
17 17.5 33.48 160.0 0.0 0.0 0.0
Table6 Amount of wear and wear length of cutter bit
No Number of cutter|Total amount of}{Average amount of wear|Total wear length|Average wear length
bit (pieces) |wear (g) (g/piece) (nm) (nm/piece)
1 160 6369 39.81 1531 9.569
2 165 3893 23.59 1119 6. 782
3 160 2241 14.01 763 4. 769
4 160 3047 19. 04 924 5. 775
5 160 5799 36. 24 1288 8.050
6 160 5452 34.08 1368 8.550
1 160 3327 20.79 1020 6.375
8 160 4277 26.73 881 5.506
9 171 3119 17. 62 513 2.898
10 161 4467 27.75 819 5.087
11 160 2932 18. 33 623 3.894
12 164 4414 26.91 1133 6.909
13 205 6979 34. 04 1216 5.932
14 160 2821 17.63 318 1. 988
15 160 2743 17.14 601 3.756
16 171 2356 13.78 415 2. 427
17 160 3020 18.88 455 2. 844
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Table 7 Rock mass properties and amount of wear or wear length of cutter bit per one excavation volume

Index of rock Coefficient of|{Index of rock mass|Amount of wear of bit|¥ear length of bit
No strength for wear of|crack of rock|strength for wear|per one excavation|per one excavation
ripper tip o. nass C, |of cutter bit @, |volume M (g/m®)|volume L (mm/m?)
1 5.183 0.8539 0.01708 169.8 40.8
2 4.969 0.8637 0.01697 132.1 38.0
3 5.093 0.8612 0.01631 64.9 22.1
4 4.570 0.8665 0.01556 68. 4 20.7
5 6.726 0.8632 0.01609 82.5 18.3
6 5.423 0.8683 0.01544 85.9 21.6
7 5.269 0.8718 0.01505 66.6 20.4
8 5.333 0.8661 0.01566 95.3 19.6
9 4.633 0.8714 0.01503 80.6 13.3
10 5.919 0.8694 0.01547 66.6 12.2
11 6.188 0.8698 0.01523 54.0 11.5
12 7.271 0.8738 0.01511 90.9 23.3
13 7.956 0.8735 0.01521 62.2 10.8
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Muro, T. : Correlations between several properties of rock

ESTIMATION OF THE PRODUCTIVITY OF A ROCK MASS EXCAVATOR
AND THE WEAR LIFE OF CUTTER BITS
Tatsuro MURO, Yoshikatsu TAKEGAKI, Kenichi MARUYAMA and Hideki FUJIMOTO

This paper aims to estimate both the amount of excavation of a newly developed rock
mass surface excavator and the wear life of cutter bits. Several excavation and wear tests
of the cutter bits have been executed in-situ on the surface rock mass of grano-porphyry
and rhyorite tuff. As a result, it is clarified that the amount of rock mass excavation per
hour depends on the coefficient of crack of rock mass and the wear life of cutter bits
depends mainly on the index of rock mass strength for wear of cutter bit and the maximum
excavation torque of the rotary cutter drum. To elongate the wear life of cutter bits, some
fuzzy control system of the depth or the speed of excavation should be introduced to
prevent the occurrence of an excessive excavation torque. )




