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A Survey on the Magnitude of the Sound, Ground Vibration and Properly

Delayed Interval of a Plasma Rock-Splitting Machine driven
by Electric Shocks

Yeon—Ho Won, Choo—Won Kang and IlI-Jung Kim

Abstract In this study, 5 steps of different delay intervals are applied to a plasma rock-breaking machine that is
driven by electric shocks in order to improve the workability of the traditional single-shot type plasma rock-breaking
operation. The sequential steps use the electrolyte volume per delay of 1, 2, 3, 4, 5 kg and it has been analyzed
to measure the delay time and level of the ground vibration and noise according to exploding. The delay time
of the rock-breaking machine by an electric shock of 5 steps has used about 40~50ms at the electrolyte connected
from 1 to 3 holes, about 70~80ms at the electrolyte connected from 4 to 5 holes. It is identified that the extents
of the ground vibration is low to 1 over 3~6 compared with that of the emulsion explosives

Key words Plasma, Delay time, Rock-breaking machine by an electric shock, Emulsion explosive
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Fig 2. Firing connection view.

Table 2. Specification, number of rock breaking by plasma
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Table 3. Results of ground vibration and air pressure on blasting
g | TeEse | A e Zhakako] 215 (am/s) R zzo
3 7 @ e (em/s) [dB(L)] Hl 3
D(m) Wikg) T v L
1 15.53 1.00 0.267 0.222 0.235 0.356 109.5 M 1
2 15.06 1.00 0.298 0.229 0.305 0.373 106.0 M 1
3 14.05 1.00 0.146 0.210 0.133 0.219 109.5 M 1
4 14.16 1.00 0.215 0.140 0.152 0.220 100.0 M 1
5 14.15 1.00 0.0953 0.0762 0.318 0.322 109.5 M 1
6 14.38 2.00 0.578 0.686 0.635 0.989 115.6 M 1
7 13.09 2.00 1.070 0.864 1.140 1.280 119.1 M 1
8 13.48 2.00 0.425 0.521 0.591 0.779 114.0 M 1
9 12.09 2.00 0.965 0.889 0.914 1.220 120.8 M 1
10 12.30 3.00 0.914 1.020 1.470 1.710 1223 M1
11 11.19 3.00 0917 1.120 1.300 1.690 122.9 M 1
12 11.19 3.00 0.584 0.330 1.350 1.470 122.3 M 1
13 10.20 3.00 1.170 1.450 1.630 1.870 125.1 M 1
14 10.23 4.00 1.420 1.600 1.070 2.060 119.1 M 1
15 8.00 4.00 2.340 1.930 4.170 4.800 126.8 M 1
16 8.21 5.00 1.270 2.130 1.120 2.310 124.6 M 1
17 9.21 2.00 0.991 1.240 2.080 2.460 124.1 M 1
18 8.52 2.00 0.829 0.457 0.368 0.854 114.0 M 1
19 5.34 5.00 10.100 11.800 10.200 15.200 125.6 M 1
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Table 3. Continued(1)

I e T B T el AFH(am/s) Wy | & 8

= | Mo | e T v L @nfy | lasa) |
1 20.17 1.00 0.0826 0.208 0.227 0.241 59.6 M2
2 19.80 1.00 0.254 0.186 0.314 0.411 59.6 M2
3 19.05 1.00 0.0905 0.248 0.135 0.281 57.6 M2
4 19.13 1.00 0.0794 0.148 0.116 0.194 53.0 M2
5 19.12 1.00 0.143 0.119 0.238 0.284 56.4 M2
6 19.03 2.00 0.213 0.483 0.548 0.662 66.8 M2
7 18.07 2.00 0.762 0.591 0.560 0.770 71.4 M2
8 18.09 2.00 0.306 0.473 0.545 0.716 64.6 M2
9 17.07 2.00 0.597 0.589 0.630 0.760 74.8 M2
10 16.93 3.00 0.557 1.020 1.090 1.410 70.8 M2
11 16.14 3.00 0.749 0.838 1.090 1.410 81.6 M2
12 16.14 3.00 0.533 0.483 1.400 1.570 64.8 M2
13 15.15 3.00 0.737 0.876 1.670 1.820 79.8 M2
14 14.83 4.00 0.559 1.190 1.180 1.310 68.4 M2
15 13.00 4.00 1.320 1.410 2.440 3.020 79.6 M2
16 12.76 5.00 0.851 1.550 1.240 1.640 70.8 M2
17 13.42 2.00 0.648 0.876 1.600 1.750 65.2 M2
18 12.56 2.00 0.273 0.325 0.518 0.549 79.4 M2
19 10.19 5.00 3.100 2.930 4.130 5.150 79.4 M2

Table 3. Continued(2)

W a}oh ¢ 7to] A _t.'e]” kil ZapgFo] %X (ecm/s) W o g E3xo}

= 7 2| BEE B N H 1
= D(m) W(kg) \% (em/s) [dB(L)]

1 24.94 1.00 0.260 0.222 0.338 106.0 M 3
2 24.65 1.00 0.184 0.324 0.421 106.0 M 3
3 24.04 1.00 0.203 0.152 0.219 106.0 M 3
4 24.11 1.00 0.171 0.159 0.257 100.0 M 3
5 24.10 1.00 0.235 0.279 0.286 100.0 M 3
6 23.82 2.00 0.565 0.559 0.651 109.5 M 3
7 23.06 2.00 0.648 0.570 0.730 114.0 M 3
8 22.86 2.00 0.533 0.597 0.783 106.0 M 3
9 22.06 2.00 0.483 0.540 0.800 114.0 M 3
10 21.73 3.00 1.020 1.090 1.270 115.6 M 3
11 21.12 3.00 0.635 1.090 1.310 118.1 M 3
12 21.12 3.00 0.381 1.090 1.190 114.0 M 3
13 20.12 3.00 0.711 1.200 1.250 119.1 M 3
14 19.23 4.00 1.070 1.190 1.530 115.6 M 3
15 18.00 4.00 0.940 1.130 1.240 120.8 M 3
16 17.55 5.00 0.914 1.780 2.150 120.0 M 3
17 18.04 2.00 0.521 0.919 1.020 114.0 M 3
18 17.12 2.00 0.356 0.559 0.773 109.5 M 3
19 15.14 5.00 1.170 2.660 2.890 120.0 M 3
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< D(m) W(kg) T AV L (cm/s) [dB(L)]

1 29.79 1.00 0.121 0.217 0.222 0.239 57.8 M 4
2 29.55 1.00 0.0937 0.141 0.200 0.219 59.2 M 4
3 29.04 1.00 0.0952 0.162 0.146 0.177 59.2 M 4
4 29.10 1.00 0.0857 0.205 0.0841 0.206 55.3 M 4
5 29.09 1.00 0.116 0.214 0.200 0.254 54.7 M 4
6 28.69 2.00 0.287 0.389 0.532 0.566 65.4 M 4
7 28.06 2.00 0.449 0.536 0.592 0.560 69.6 M 4
8 27.71 2.00 0.313 0.425 0.497 0.538 73.3 M 4
9 27.05 2.00 0.513 0.406 0.539 0.580 66.7 M 4
10 26.60 3.00 0.441 0.460 0.656 0.679 65.3 M 4
11 26.10 3.00 0.478 0.454 0.605 0.640 72.5 M 4
12 26.10 3.00 0.294 0.533 0.518 0.561 61.8 M 4
13 25.10 3.00 0.554 0.891 0.697 0.908 70.3 M 4
14 24.51 4.00 0.538 0.537 0.625 0.665 65.2 M 4
15 23.00 4.00 0.581 0.965 0.999 1.260 72.7 M 4
16 22.49 5.00 0.675 0.427 0.659 0.713 63.9 M 4
17 22.82 2.00 0.275 0.427 0.443 0.470 60.8 M 4
18 21.87 2.00 0.271 0.170 0.202 0.283 59.2 M 4
19 20.11 5.00 0.967 0.973 1.470 1.770 72.3 M 4

Table 3. Continued(4)
. ek ko] Al »HE]— Kl ZhgeFe) REA(em/s) W g o )
P I N (m/s) | [dB(D) Hl
D(m) Wike) T v L

1 34.69 1.00 0.0619 0.173 0.0968 0.181 55.2 M5
2 34.47 1.00 0.100 0.0889 0.213 0.214 58.0 M5
3 34.04 1.00 0.0889 0.170 0.106 0.179 57.4 M5
4 34.09 1.00 0.0667 0.152 0.0714 0.156 51.0 M5
5 34.08 1.00 0.0667 0.178 0.159 0.213 54.2 M5
6 33.59 2.00 0.192 0.327 0.273 0.340 62.2 M5
7 33.05 2.00 0.349 0.379 0.394 0.420 66.6 M5
8 32.61 2.00 0.224 0.294 0.375 0.408 64.0 M5
9 32.05 2.00 0.340 0.373 0.441 0.481 68.2 M5
10 31.51 3.00 0.457 0.559 0.478 0.679 64.2 M5
11 31.09 3.00 0.422 0.273 0.527 0.597 73.4 M5
12 31.09 3.00 0.119 0.386 0.429 0.448 59.4 M5
13 30.09 3.00 0.470 0.702 0.549 0.824 72.2 M5
14 29.43 4.00 0.506 0.500 0.532 0.721 69.0 M5
15 28.00 4.00 0.429 0.794 0.794 0.910 75.2 M5
16 27.36 5.00 0.694 0.333 0.779 1.020 68.4 M5
17 27.67 2.00 0.140 0.341 0.357 0.408 62.6 M5
18 26.72 2.00 0.205 0.113 0.197 0.284 58.8 M5
19 25.10 5.00 1.080 1.160 1.100 1.360 74.6 M5
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Table 4. Presumption formula of ground vibration propagation on KCALMAC plasma
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, D —14 T D —1.4231
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w2 w2
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Fig. 3. Relation between PPV and square root scaled distance.
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Table 5. The allowable vibration velocity by PPV the electrolyte volume per delay time to the distance from blasting position

to preservation area

o1 A 7o) Y epkeh)
g A2 90% A= EE 95% H] 3l
(m) 0.2cm/s 0.3cm/s 0.5cm/s 1.0cm/s 0.2cm/s 0.3cm/s 0.5cm/s 1.0cm/s
10 0.056 0.100 0.207 0.556 0.046 0.082 0.169 0.456
20 0.223 0.399 0.827 2.224 0.183 0.326 0.677 1.822
30 0.503 0.897 1.860 5.004 0.412 0.735 1.524 4.099
40 0.894 1.594 3.307 8.897 0.732 1.306 2.708 7.287
50 1.396 2.491 5.166 13.90 1.144 2.041 4.232 11.39
60 2.011 3.587 7.440 20.02 1.647 2.938 6.094 16.40
Table 6. The allowable vibration velocity by PVS the electrolyte volume per delay time to the distance from blasting position
to preservation area
o1 At Ao d ke
g A3 90% A= EE 95% H] 3L
(m) 0.2cm/s 0.3cm/s 0.5cm/s 1.0cm/s 0.2cm/s 0.3cm/s 0.5cm/s 1.0cm/s
10 0.047 0.084 0.171 0.454 0.039 0.069 0.141 0.373
20 0.189 0.334 0.686 1.816 0.155 0.275 0.563 1.492
30 0.426 0.753 1.543 4.087 0.350 0.618 1.267 3.356
40 0.757 1.338 2.743 7.265 0.621 1.099 2.252 5.966
50 1.182 2.090 4.285 11.352 0.971 1.717 3.519 9.322
60 1.703 3.010 6.171 16.35 1.398 2.472 5.068 13.42
2000 ‘ ‘ ‘ ‘ ‘ H > 2000 T T T
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Fig. 5. Scaled graph of electrolyte volume per delay time(by PPV).
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Fig. 6. Scaled graph of electrolyte volume per delay time(by PVS).
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Table 7. Presumption formula on using emulsion explosives
EY PPV PVS AFeE
. 327.11(D/ WH/2)~ 15802 374.16(D/ WW/?)~ 15902 90%
A gHkA 9\ 1.5802 2)=1.5902
347.11(p/ WA/2) 1P 394.16(D/ WA/?)~ 15902 95%
Table 8. The comparison of vibration velocity between explosives and electrolyte (confidence interval 90%)
[9] @ cm/s]
o] AA g 10m 20m 30m 40m 50m 60m H| L
yory zof [Aald| ZoF [@shd| =oF [asd| =or [daldl| Zof [dAaid| ZoF [ds1d
0.125 1.663 | 0.352 | 0.556 | 0.133 | 0.293 | 0.076 | 0.186 | 0.050 | 0.131 | 0.037 | 0.098 | 0.029 | PPV
’ 1.840 | 0.399 | 0.611 | 0.149 | 0.321 | 0.084 | 0.203 | 0.056 | 0.142 | 0.040 | 0.107 | 0.031 | PVS
0.500 4973 | 0.928 | 1.663 | 0.352 | 0.876 | 0.199 | 0.556 | 0.133 | 0.391 | 0.097 | 0.293 | 0.075 | PPV
' 5.540 | 1.071 | 1.840 | 0.399 | 0.966 | 0.224 | 0.611 | 0.149 | 0.429 | 0.108 | 0.321 | 0.084 | PVS
1,000 8.600 | 1.508 | 2.876 | 0.571 | 1.516 | 0.324 | 0.962 | 0.216 | 0.676 | 0.158 | 0.507 | 0.123 | PPV
’ 9.613 | 1.754 | 3.193 | 0.654 | 1.675 | 0.367 | 1.060 | 0.244 | 0.744 | 0.178 | 0.556 | 0.137 | PVS
5000 14.87 | 2.451 | 4973 | 0.928 | 2.621 | 0.526 | 1.663 | 0.352 | 1.169 | 0.257 | 0.876 | 0.199 | PPV
’ 16.68 | 2.872 | 5.540 | 1.071 | 2.907 | 0.601 | 1.840 | 0.399 | 1.290 | 0.291 | 0.966 | 0.224 | PVS
100 = 100 - -
::: — ( 1.000kg ) :: N : %
o NE | e N Al 0500k )|
EE VIR, -/ O A N B -
N AR i N N ‘
% N 1= s = | N s s
2 N T w S S Y
= — = = > — = —J=
PR S j/f\ _ % NN
= 0. 125kg\ SR oS . (o125kg }/\ RN h
0.1 = 0.1 / ~
= 7
004 Emulsion Exprosive | oo — Emulsion Exprosive
:‘7 Kcalmax Plasma }7* 4‘7 Kcalmax Plasma }77
‘ ‘ ‘ \ \ \

10

Fig. 7.

20

interval 90% by PPV).

Distance, D(m)

Decrease trend of vibration velocity (confidence

10

Fig. 8.

2

Distance, D(m)

interval 95% by PPV).

Decrease trend of vibration velocity (confidence



2015 - YR - YUS 17
oh A dE ARgShe 7ol BIsl Fig. 73 ol oF = A7 Rlof sidshe St A AsidEE

3~6HH A% S9Ieh 2 dekgera ke A

ula) 2] at 2w, o] 7

E
fﬁ‘% g 894 UEPd AlF5E 95%9] Aexw GAF
3l

QHH, AEHAAE 40ms@}F 60msof] tht ARE1E-9]
SSISEEECEL SER TR TS
dfat Aol walA] k. et Aui Aahd
capsule7} 27} S48 AYAAE Z7HA]7]= Ao|
sl Ao Amsih
3.2 X|gE HeiaE

o8 A Zof A 0.125kg S AST & 9

Table 9. Comparison of electrolyte volume per delay time

PPVS} PVSE LEaI0] AlE22 90%9} 95%2 7]
Zo8 A% u|WSPH Table 99} 7t}
58N TE Tl ARz T oA 1
T AFS PPV 7|02 YERYH Fig. 9¢F 22
o, PVSE UEhd Fig. 103} Zth PPVE 7]Z0
2 3l AOoL PYSE 7|Zos sl Aomr}

g A dego] Frlekal E EAETEET 5234

10 HJE

-

g delz E'*Ol o Aol 8
wet dedeke Pasks A3e Uehin odrk 1
A HERE LTS 2248 Fok] ALg TAA
7 AR aslo] T Azio] e A

AL AA S etk meb melEd

jarer 5 LR FAAF (m) A A A% (kg)
2 =]
20
PARN AE2 PPV PVS PPV PVS H 1
k. cm/s
(ke) (cm/s) 90 95 90 95 90 95 90 95
0.2 38.2 39.7 40.4 41.7 0.82 0.72 0.77 0.68
0.3 29.6 30.7 31.3 323 0.87 0.77 0.82 0.72
0.125
0.5 21.4 22.2 22.7 23.4 0.95 0.83 0.88 0.77
1.0 13.8 14.3 14.7 15.2 1.06 0.93 0.98 0.86
2000 2000
Allowable Vibration Velocity 2 Allowable Vibration Velocity
100 | V=l0cmbec | 100 3 V=l0cmbec |
—— e
0 17 \ v 0 1 \
(3.5m L0aig) (29.6m 0.87) Y7 (t.7m 0.988) (31.5m. 0.52%9)
200 (21.4m, 0.95kg) \ (38.2m, 0.82@ o (2. 7m, 0.55k) \(40.4m, 0.774g)
- 7 o 7
&~ 4 Z 4 &~ 4
= 10 3 ba + = 10
= ok = . = s
>Z 0.60 5 v >Z 0.60 Vi b i
= ow [] Allowable Vibration Velocity } 77 s \\ = o [ Allowable Vibration Velocity } Z \\
A V=0.5emsec |1 \ A V=0.5cm/sec < b
2 o (G2.2m, 0. 33@/7439 7m, 0,724 2 o A 23.4m, 0.77kg)/-(41.7m, 0.68k
g 14.3m,_0.931g){30.7m 0.77kg) g ‘| @, 0:86kg) (32.3m, 0.72%g)
= 0 = =u
S o % 2 oo
o =
= Ay = Z
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Hg. 9. scaled graph of electrolyte volume per delay time(by PPV).
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Fig. 10. scaled graph of electrolyte volume per delay time(by PVS).
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= R
afofl ofgh AkEe] Huk= wido] FRek A ol whE 2F=E vlwsh 4 (5) B’ A (63 &

zo|| wet th2r] uje] WulEAolA Al
Boh A oS AESlo] A Ao] SHHEE A - uhagelE)
o= wehErh dB(A) = 90.8—11 - log(D/ /W) (5)
3.3 ma 88 - RS AT
dafu ghekoll o3t E2(4g, Wukg) Q] WS dB(A) = 85.6—13 - log(D/Y W) (6)
Table 10. Assumption value comparison of blasting noise and plasmic noise
Z3} o)A 7 E|(m) 10 20 30 40 50 60 70 80 v
0.15kg 76.8 73.5 71.5 70.2 69.1 68.2 67.5 66.8 ZoF
69.0 65.1 62.8 61.2 59.9 58.9 58.0 57.3 A
77.9 74.6 72.6 71.3 70.2 69.3 68.6 68.0 ZLoF
030k 70.3 66.4 64.1 62.5 61.2 60.2 59.3 58.6 s
A2SE 78.7 75.4 73.4 72.1 71.0 70.1 69.4 68.8 Zof
0.50kg -
dB(A) 71.3 67.4 65.1 63.5 62.2 61.2 60.3 59.6 ok B
1.00kg 79.8 76.5 74.6 73.2 72.1 71.2 70.5 69.9 FEOoF
72.6 68.7 66.4 64.8 63.5 62.5 61.6 60.9 s
2.00kg 80.9 77.6 75.7 74.3 73.2 72.3 71.6 71.0 Zof
73.9 70.0 67.7 66.1 64.8 63.8 62.9 62.2 ke 1R}
Table 11. Assumption value comparison of air pressure by blast
Z3} o]A 7 2|(m) 10 20 30 40 50 60 70 80 H] 3L
133.8 126.6 122.4 119.4 117.0 115.1 113.5 112.1 L oF
0.15kg -
111.8 102.5 - - - - - _ A
0.30kg 136.2 129.0 124.8 121.8 119.4 117.5 115.9 114.5 ZoF
’ 114.9 105.6 100.0 - - - - - A&
Zzo} 138.0 | 130.8 | 1265 | 1235 | 1212 | 1193 1177 | 1163 ZoF
dB(L) 0.50ke 1172 | 107.9 | 102.4 - - - - - A A
1.00kg 140.4 133.2 128.9 126.0 123.6 121.7 120.1 118.7 ZoF
120.3 111.0 105.5 101.6 - - - - A A
2.00kg 142.8 135.6 131.4 128.4 126.0 124.1 122.5 121.1 FEOoF
123.4 114.1 108.6 104.7 101.7 - - - A
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- TRoF A
dB(L) = 151.3—31 - log(D/ Y W) (8)
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