942 %

513 Bk Vol.42 No. 1
2025 43 A BLASTING Mar. 2025

doi:10.

3963/j. issn. 1001 —487X.2025.01.001

EXTBEHEEIEHEL SRR
557 % BB BER

(1 AR R 0 2RI R B R0 1028 4 W ER B S SR %, B8 1K 526530,
2. FEREERE TARE A RTTAEA R, T M 5106233, diEg K, Kb 410083)

W E: FEEBRAT LR G Lig RN BB A S PR AR X 2 — AT X EN
T, RIE LB TR ISR B AT B 3 BB B SR AR R S MR A R b Bl AR R B B
BT TR (DIS) VAN S TN RIS, MAETRR LT LERN AR EFER

1.69
BLWg % R = 1 - exp[ - (28%) ]iﬁ%ﬁﬁ%%éﬁé&ﬁa,%iﬁ?}Uﬂr‘xl:.éﬁblwﬂbéﬁﬁiilfi,ﬁ'é:é%?:i)'li’

Bl B R A AR 7. 63% 0 B 4R,
KR BHEFEL; 50BN, PURAARRL; A
HES%ES: TD235.3 MEFRIRA: A XEHS: 1001 -487X(2025)01 -0001 - 09

Shared Control Theory and Experimental
Study on Open-pit Mine Blasting

LI Ping-feng'” ,GUO Jiang® ,ZHAO Pei-dong’ , TANG Hong-pei'”
(1. Safety Intelligent Mining of Non-Coal Open-Pit Mines Key Laboratory of National Mine
Safety Supervision Bureau,Zhaoqing 526530, China;2. Hongda Blasting Engineering Group
Co. ,Ltd. ,Guangzhou 510623 ,China; 3. Central South University ,Changsha 410083, China)

Abstract: Ore crushing is a crucial phase in hard rock mining and mineral resource recovery, significantly focu-
sing on optimizing the energy consumption balance between blasting and mechanical crushing. This study analyzed
industrial test data from an iron mine to explore the relationship between parent rock size distribution characteristics
and mechanical crushing energy sensitivity , providing a theoretical foundation for process optimization and energy ef-
ficiency improvement. Initially,the connection between the key parameters of the parent rock size distribution curve
and crushing power consumption was investigated. Subsequently, the maximum block size under the screen ( D75)
was identified as a sensitive indicator for crushing power consumption through correlation analysis. Finally,a theoreti-

cal model based on shared blasting control was developed, utilizing an optimal parent rock size distribution curve,

1.69
R =1- exp[ - (28%) ] to control the block size. Field application of this model demonstrates a cost reduction

of 17.63% , affirming its potential for enhancing energy management and cost efficiency in mining operations.
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Fig. 1 Schematic diagram of the full operation

chain of the fragment degree
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of an iron ore concentrator
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Fig. 3 The crushing system and equipment configuration of an iron ore concentrator
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Table 1 Characteristic value of fragment degree and the power consumption of crude crushing per unit tone of ore

R DS/mm D20/mm DSO/mm  X/mm  D75/mm  DSO/mm  D90/mm N %ié;{f%ﬁ
1 45.8 101.34  250.5  316.9  425.16  452.83  599.9  1.64 5.55
2 47.6 93.79  221.3  298.1 398.3  449.1  592.8  1.64 4.93
3 44.5 88.65  229.7  334.6  431.5  481.1  615.7  1.56 4.67
4 48.1 95.29  218.9  304.6  378.2  433.1  623.5  1.65 4.95
5 36.2 66.55  149.7  206.6  271.4  309.7  432.5  1.69 3.68
6 28.5 51.60  102.5 137.3 178.9  198.9  284.5  1.79 3.13
7 91.0  161.61  275.5  336.6  408.4  446.6  581.7  1.69 4.53
8 46.7 88.51  204.4  280.9  368.8  411.1  547.9  1.64 4.17
9 311 61.00  150.8  210.7  290.7  339.2  485.8  1.55 3.65
10 31.7 66.58  171.6  234.9  342.3  349.0  518.6  1.54 4.11
11 32.9 70.34 1719 224.1  289.9  325.5  425.3  1.67 3.74
12 35.2 72.67 1744 242.7  318.9  361.6  488.9  1.55 3.31
13 91.0  161.61  275.5  336.6  408.4  446.6  581.7  2.27 5.41
14 33.8 64.27  139.2 188.5  239.4  271.8  372.3  2.27 3.80
15 49.3 125.17  224.7  282.1 348.9 3929  519.0  1.69 2.92
16 77.6 12710  205.9  249.6  309.2  342.9  449.7  2.24 3.23
17 79.9 133.45  220.0  272.9  331.9  370.8  490.8  2.24 3.19
18 73.7 115.90  182.6  219.4  276.5  312.8  427.8  2.43 3.77
nY xy - (Yx) - Y (y) K x Fly -GS AR R B 0 AFEAZS
- Y - (X0 a Sy - (3 hiks Y FORRAE S oy FonA ik o AVERE y AOTRAN.
2) N TR RS B2 [ 2 R B
R2 THAUESMEESHEANT AREHEEXIEITEER

Table 2 Calculation results of correlation between characteristic value of

ore block and power consumption of crude broken unit

15 b5 D5 D20 D50 X, D75 D80 D90
r 0.20 0. 26 0.62 0. 64 0.73 0.71 0.72
P 0.42 0.29  0.0066  0.0044  0.001  0.001  0.001
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FRYGEFEZ AL B AR OGPk 58 55 F7 AE 22 57, Horh i
T T E 75 % B R K DTS ST BRI AH G
PERBR K MR LR 143 ) R 56 R 80 r BUE Y
IESURTN, 0 T fe R HEE (DS D20, D50 XC . D75 .
D80 D90 ) 5t HFE 2 IEAH G,

B9 B, 0 T Fe R B 5 W B T AR A o
FHOCPEHT LR P R W R /AT 28 498 SRR 1Y) 5% i)

D75 AHUR o 5 AN IE(ELAE R £ e KRR AR U
R 7 3 R o) i AR 3 26, T 18 A i3 6 25 e
LWt RN B, SR AAEAS ER REAE RS . @i
TR B S AR A 5 e L AL e P 3 A B
PR DTS 5 (0 B0 R HL 0 T FR T L 14 S L 2

B R =1 - e - (0 ) ] sk,



a2t 1 ZEHE,

TLOBEAR, % BRI g i 2R iE 51K W 7

3 WHEEARSWIE

FR IS R B 52 2 M MR TR B 52 2 Wy B g 2
PR, FERRKE IR S PR e B JBE B4 /N A
RBUAH 52 0, ORI N R AR Z

R RRSCHR 17 R A 7 i, SR 3R 3 i h
KSR A (B 10) BOHRB SR, Mt s
BREEE

0.8

iEPS A

0.2

1 2 3 4 5 6 7
D5 D20 D50 Xxc D75 D80 D90

B9 BE R 2 AR AE S R AR A2 AR
Fig. 9 Correlation of the characteristic parameters

of the mother rock fragment degree curve
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Table 3 Parameters of optimal graded curve of parent rock mass

FEAR D5/mm  D20/mm  D50/mm  X./mm

D75/ mm

D80/mm  D90/mm N HAEE kWh/t

bACIEN 49.26 125.17 224.7 282. 1

348.96

392.95 519.02 1.69 2.92
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Fig. 11

Case of blasting pile with

optimized blasting parameters
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Table 4 Table of optimized blasting parameters and grading curves of burst blocks

PEMEOL RESE B &S

.o =303 YeZhke, FLEE/ HERE LB &8y D5/ D20/ D50/ X/ D15/ D80/ D90/
‘J%iﬁﬁ B]L N -3 I~ B

18] (g+-m™) m m | = mm mm mm mm mm mm mm

596 -6 9.29 0.49 5.8 4.3 44  12.8 46.36 114.89 231.28 289.94 354.78 389.02 485.28
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Table 5 The cost change before and after the best mother rock block degree curve test is used

I W5 AT A HL

G A A # H %

TR ke T G T G
£hifL 13.46 3.60 13.85 4.50 0.39 2.91
R 39.18 10.48 40. 63 13.19 1.45 3.71
et 29.46 7.88 29.71 9.65 0.25 0.85
S 40.63 10. 87 41.04 13.33 0.40 0.99
T e 40.41 10. 81 25.90 8.41 -14.51 -35.91
BE 210. 68 56.36 156. 80 50.92 -53.88 -25.57
A1t 373.81 100 307.92 100 -65.89 -17.63

(3) il BRI A g6 UE -5 20 A, 5 ) g3
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