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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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Fig. 10 Design flow chart of blasting parameters
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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

x5 RAREGEREHLXBIERATNLR

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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T LR 5 e R T T A A L B AR 4 o
St T EMSRIE AT AR T, 9 EE RH MR T
B Toll e SRt 1 e S S ROR R

22 3Lk ( References)

[1] McKee D J. Understanding mine to mill[ M ]. Brishane
CRC ORE,2013.

[2] B Varannai,D Johansson,H Schunnesson. Crusher to mill
transportation time calculation-the aitik case[ J]. Miner-
als,2022,12(2) . 17-21.

(3] skkZ BTd% M F, % RSB RIEKS
ARt [ T] . &8 a 1 ,2017(7) :1-7.

[3] ZHANG Chang-kui,JIA Jian-jun, FENG Chun,et al. Pro-
gress on joint optimization of open-pit metal mining and
beneficiation[ J ]. Metal Mines, 2017 (7) :1-7. (in Chi-
nese )

(4] Rt A BB 5 K e T I R B CRER 4
TrEmrgE L) ]l , 2006 (S5 ) :28-30.

[4] NAN Shi-qing. Research on the mode and mining method
of open-pit to underground mining in Shirangou Iron Mine
[J]. Mining Express,2006(5) :28-30. (in Chinese)

(5] HEW.m 8, IVE2, % B a a et S
RLREOCFR [T ] MR UE Tl R %441, 2019,51 (4)
163-170.

[5]

GAN De-qing, GAO Feng,SUN Jian-zhen, et al. The rela-
tionship between crushing energy and particle size in iron
ore ore [ J]. Journal of Harbin Institute of Technology,
2019,51(4) :163-170. (in Chinese)

28 6, oK. LU R BR R SR C) /s
RPN B s B oo /4= 0 N S (S
( ), B ,2015:177-182.

GONG Lun, QIAN Yong-cong. Research and application
of " Breaking for breaking" [ C] // Collection of the 22nd
Sichuan, Shandong, Hebei, Shanxi, Qiong , Guangdong and
Liao Seven Mining Academic Exchange Conference ( Vol-
ume 1) ,Chengdu,2015:177-182. (in Chinese)

2R R HENC /NP B AR RO 0 A7 B R L A 7 A
AN AT [ C /5 U A YA AT RHCR
SR SCEE 1M, 2021 :56- 60.

LI Ping-feng. Analysis of the impact of the graded small
block degree coefficient on the production cost of sand
and stone aggregate mine [ C] // Proceedings of the 8th
National Sand and stone aggregate Industry Science and
Technology Conference, Huzhou, 2021 ; 56-60. (in Chi-
nese )

30 5 S IR I 5 B 5 bt 2017 4F B2 b [ A
TR ATIET AT [T s A R (PR
2018(6) :3.

The National Center for Monitoring and Research of the
Chinese Language Resources. " Top 10 buzzwords for Chi-
nese Media in 2017" was released [ J ]. Middle School
Students Reading( Middle School Edition) ,2018(6) ;3.



a2t 1 ZEHE,

TEOBEE AR, % B R R g i B8 5 1 B 5T 9

[9]

[11]

[11]

[12]

[13]

[14]

(in Chinese)

EMEF L IRIRTE, BT, A5 58 KA LR e s
PSS A 7 15 [J/OL]. ik 1-13. [2024-10-07 .
http: // kns. cnki. net/kems/detail/42. 1164. TJ.
20240826. 1403. 012. html.

LI Ping-feng, XU Zhen-yang, WANG Xue-fan, et al. Basic
method of shared control theory for blasting in open-pit
mines [ J/OL ]. Blasting: 1-13. [ 2024-10-07 ]. http: //
net/kems/detail/42. 1164. TJ. 20240826.
1403.012. html. (in Chinese)

ALK P2 BRI A Rk — AL R G [ M]. b
AR Tl i, 2012,

SHAO An-lin. Integration system of underground mining

kns. cnki.

and beneficiation for underground mineral resources ex-
ploration [ M |. Beijing: Metallurgical Industry Press,
2012. (in Chinese)

PNERIR , B KU BI/INE, 55 A 7 B R MR SRk — 1A
feA Gt (1], &m711,2010(4) :15-19.

SUN Huo-ran, MAO Feng-hai, LIU Xiao-bo, et al. Re-
search of the integration system of underground mining
and beneficiation for underground mineral resources|[ J].
Metal Mine,2010(4) :15-19. (in Chinese)

X N Bui, Y Choi, V Atrushkevich, et al. Prediction of
blast-induced ground vibration intensity in open-pit
mines using unmanned aerial vehicle and a novel intelli-
gence system [ J ]. Natural Resources Research, 2020,
29(2) :71-90.

R S Faradonbeh ,M Monjezi. Prediction and minimization
of blast-induced ground vibration using two robust meta-
heuristic algorithms [ J]. Engineering With Computers,
2017,33(4) :35-51.

BTFE, TR, 0 RIS MW S R [T ].

(B )X MG ELRERRIE A E N

OBk ) A 1T R # H RBARRIFAIN, B 2019 12 Afel b B 4o M S4B 20" W28 27 KA SL 40T
SRR BB (P B AR (M) ) (Fi AR CAJ - N) , 46—k 45 i s 5 1SSN 2096 —418 CN 11 -6037/Z,

Y H A 2GR RN R TR REXE — o L E P BN MEEL TG A H ., BARSEL |
DR T TR P BRI RS R GRS, S ) F R TR SR X :
’ A S I — A % By LG, L SRR W9 RS PE  JE RN TIR RABAS AT, 35 4 B AZALF) )
Ofak ) b A BT % B &I F BA S 5] TR & (CSCD) AR 7

[14]

[16]

[16]

[19]

[19]

FrE Y ,2012,21(11) :39.

ZHAO Yu-xuan, WANG Yin-dong. Overview of mineral
processing crushing theory and crushing equipment[ J].
China Mining Industry,2012,21(11) :3-9. (in Chinese)
TAMG 0 PRBE . =Lk 42 RV I 45 7o LA K 2% L
T VEREWFSE LT ] BRI, 2024 ,40(7) :200-204.
YU Tai-peng,ZENG Qing-long. Study on the transporta-
tion and mechanical properties of total tailings cemented
filling in SAN’an Iron Mine[ J]. Modern Mining,2024 ,
40(7) :200-204. (in Chinese)

PR BB e R S RS T
[E%#1],200710141419.9[ P]. 2007-08-17.

LI Ping-feng,ZHOU Jun. Intelligent analysis method and
operation:  China
200710141419.9[ P].2007-08-17. (in Chinese)
FBIRNE, DR, 250, B TR B g [ M]. b
B AR 4 Tolk i it , 2005,

ZHENG Bing-xu, WANG Yong-qing, LI Ping-feng. Con-

struction engineering step blasting[ M ]. Beijing: Metal-

system for  blasting Patent,

lurgical Industry Press,2005. (in Chinese)

TG, RIS A1 S kg e R B2 IX R B J32 o) A
FE[T]. W23 (A5 TR 4R ,2009,5(6) :1258-1261.
XING Guang-wu,ZHENG Bing-xu. Study on block de-
gree zoning and block degree prediction in quarry blas-
ting[ J]. Journal of Underground Space and Engineering,
2009,5(6) :1258-1261. (in Chinese)

MR By PSR AR T R 14 18 B W58 S AR A
W[ D], Jbgt: v E s B2 (b sT) ,2007.

Li Ping-feng. Research on blasting technology and opti-
mization design of dike stone mining[ D]. Beijing: China

University of Geosciences( Beijing) ,2007. (in Chinese)

HR Y AR (WIC) % & RE

D OHE A R R EID P B R A NFF RIS (RCCSE) b 18 B 2 8 F 3R 0BT 50 4R % (CACT) S5 ik Rk
F T, (AL Z 2 Scopus FHAT#: & 57 Fo F ALK F 22 33 B SciFinder CAS % B4t 5 3% &  Ulrich’s & 4] |
DA BRI H ) ST B AH RIS S P B e R A K ILR S & T B R e R AR S R E T
DO & LGS TP LA IR 4--F & \SciOpen - & \SciEngine & 7 -F & | Researching ¥ B & 5 #F) W | # X A+3L
B LRI & FRFEERFSRIHF, AT CHFT EREMMAB T XMEEERF &L, HAE |
LZEOARAPIRIELFLRZATAMA R E LR B, dof 5130, A RAS L, R P ¥ detEF s 22, :



	面
	页 1
	页 2
	页 3

	封二
	页 1
	页 2
	页 3

	微调-爆破2501转曲
	爆破2501目录
	爆破2501

	宏大
	页 1
	页 2
	页 3

	易普
	页 1
	页 2
	页 3

	封三
	页 1
	页 2
	页 3

	底
	页 1
	页 2
	页 3



 
 
    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     AllSame
     1
            
       D:20230511095546
       841.8898
       210X297
       Blank
       595.2756
          

     Tall
     1
     0
     0
     561
     319
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         2
         AllDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     0
     200
     199
     200
      

   1
  

    
   HistoryItem_V1
   Nup
        
     去除印张余的空白： 是
     允许页面缩放： 无
     边空： 左 0.00, 上 0.00, 右 0.00, 底 0.00 点
     水平间距 (点)： 0 
     垂直间距 (点)： 0 
     各页添加边框： 无
     印张大小： 45.000 x 45.000 inches / 1143.0 x 1143.0 mm
     印张方向： 最佳适合
     布局： 纵向1行，横向1列
     排列： 顶左
      

        
     0.0000
     8.5039
     8.5039
     0
     Corners
     0.2999
     ToFit
     0
     0
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     0
            
       D:20250310172040
       3240.0000
       Acrobat 3.0 Maximum
       Blank
       3240.0000
          

     Best
     765
     303
    
    
     0.0000
     TL
     0
            
       CurrentAVDoc
          

     0.0000
     1
     2
     1
     0
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





