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Emulsion Explosive Formulation Optimization Based
on Hybrid Artificial Bee Colony Algorithm

ZHANG Jianning!, HAN Xinping"2, WANG Zhen'

(1. School of Mining, Liaoning Technical University, Fuxin 123000, China,
2. Research Institute of Open Pit Mine, Liaoning Technical University, Fuxin 123000, China)

Abstract According to the requirement to improve the blasting effect of oil shale
by increasing the explosive heat of formula optimization, optimize emulsion explosive
composition based on hybrid artificial bee colony algorithm in the open pit mine, which
is on the premise that the cost of raw materials in explosives is not higher than 1700
yuan/t. With 6 parameters of blasting explosive components as the main influencing
factors, use RNA molecular operations and Oracle penalty function to improved artifi-
cial bee colony algorithm, establish emulsion explosive formulation optimization model,
test the emulsion explosive heat of new formula by explosion heat tester. The results
showed that: when the sodium nitrate 7% and ammonium nitrate 78.264%, water 9%,
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emulsifier 2%, paraffin wax 2%, diesel 1.736% compose the emulsion explosive formu-
lations, emulsion explosive heat of new formula increase to 3328.7 kJ-kg~!, which is a
good guiding significance for blasting in open-pit mine production.

Keywords artificial bee colony algorithm; emulsion explosive; explosion heat; for-
mula optimization

Chinese Library Classification TD235
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B AT B, WEEBRY A WEEN . NMEERERAEME IR R, &
PR HE 2 5 VURC B R B B8 R SR e AW A 5 A8UR. SRR S B AR i . s T
R A R, T ARYE R B R 2228, HAG @A X EZG RIS B RE R A A L
9%, A REEidm L SRCR. SRR Y e i B UE 58 A R YT E BT, S aK
WHIRE R Z, T A TS R N AR EBCK, PR SCR B X TiCE . BB K
A, NI RELE I M IHFETE S IERTE R, T E A A4 S i, BB R, i =i
Fe2h . R TPERE SIS, BE, B EY AL b, RS2 R R R PR BRI H
.

BRI BE U R OR Al AL S EC 4.5mx4.5m PRSI, FLIRIRIRR%EZY,
FLI 8.6m, EZHFE 150 g/m?, CRASEIF A BRBCR. B INTE B R BRI T A AR H ] LAl
L, SRR AR R AN TR AL E B T SR S ME 25 RE, Bt — PR R
MRS A SRR, TR SR N LR RAEE )5 ISR 18 . Rt RaE 159,
AREACFE RS MM AR MR GG L. R T e F3ulieSn] &, £ 77555 DNA fl RNA 4-F4#:4E
WIJE &, &1 T 27 DNA 5{ RNA #E50E, SUEFMIREER T X EFAM a9 H%
LR, EAXMEG) Oracle §i B EGHE, 456G RNA 4-FHAE, 481 TR L ALLE
ZHEE 79 RNA-ABC 4.

e ATERBERZE

1.1 ATE#EE

N TR — Pl T 8 e 5 R A7 o3 HH Y BEALIR R B34, 2005 47, H B3 Erciyes X
FH) Karaboga U HIKIRH T N THEEREFIABAL. 7E AN THEREIA, N TeRe R i, W
sl i = AU, R N ER SR A S IR B AR, RIAS RN AL R TR R
R e, WA AT AL ey AN R T SR R A E R T RSB R — O R, FF
CRHAE R, A IR B A ih e (IR 2, U R O AL BRSO I H B R IR

BrA EESE R A, ITRHERRBIN YR R S &S, MR ERE ARG E
T FEEYEARAXEEL P — Y IRAE, R)5, MEEBIERDIEIER — i
YR, FREREE. W BRI EIRRILS, RIFREFEYE. SR aYRad 2
KUAEHZ Ja BA R EIEGE, S HEERFELE, WHGHZ R, R R
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B 1 ATHSEHELAREE
WARAL AR
min f(z), X =[x1,22, -+ ,zp]
s.t. xie[ai,bi], 1=1,2,---,D
1E ABC Bk, WIta Wi A=hy:
T; = Tlow + rand(zyp — Tiow), ¢ =1,2,--- ,FN (1)
HAr 2i(i = 1,2,--- ,SN) ¥3°8 D 4emkE, D AFRFUAFENSEANEL, vup Tiow 73018 25 1
JE PR ) B IR R E T AR
v] = wl + ) (a] — a3 (2)
A ke (1,2, FN} REEN R ARREIE: j € (1,2, , D} ABEHL=ERRTIE, 01N
[—1,1] IXTa] B85 77 A — SR BEA L SR 5L
WE e e PR IR IR R =R

Di =

Jit;
Sl fit;
Kb, PN RO, fit: 25 i YIRS N .
1.2 RNA Fi8k

JEEGH) ABC L, IR IRR AT RAIEEE T LRSI THY, 7R A 2R ik
177 XA ZE] RNA 5 T8 RNA SR PURHE AGCU Al LAZZR R, Sib5
ZWFRA E = {A,G,C, U, Hrf L F/8 RNA SRS KE. FRHE B = {A,G,C, UM
WIS TN Ex = {0,1,2, 3} BT IGTT50 R By 19 —ZEHI%0T 00 XTI C,

3)
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01 XT8R2 U, 10 XA A, 11 XM G, M EALK 0 BFR7< UEmt, w2\ hh 1w
FOREENY AL, XV Rt 7 AR T IR AN R, RIEANY C M G BRIEEXT R4k 0
1 RFFEANER, UM A GREX A0S 2 1 3 IREFEANER, CUAG/0123 Fifgt 2 m it
Hy G b5 77 2

TER RNA B005F, 8T, BT =i WA e R B 10%84
PRAEARETLLRAT, HARI AR GBI s B IR 20 By, 285 RNA-ABC FAPUT
X \FERPER S P MR EE 2 A RN, BRI Z F T, B
TR ISR LA RFFRIEEAL ANZE 1. FE 5 300 A R AR B OR R AL B B B AR S
FHEZRErE. Rk =Fl RNA SERATHERD A0 BHRIEMRET |, RARIERET
0.5, XAPATHALERA R AR T AR E R

[HESEBRE, JURAMRRIM RNA S1E8 |

[ %5 RNA #4317 RNA 567 |

[ bbeassirEssrr |

R PAT BT TR

| PR AR T

[ A BAHAT 5T |

|

| RNAGFER It |

2 RNA SFRERIZE
1.3 ZJR4HE

R T RKERALHFRRIAL S, TG EE AR %, TR Boe—Fi i
W RAEFET k. a0 TSR B RLR AT R P, TR AR R AR 2R, TR
R RICE, MERAREIINMEZSE, SRS ENTERE. Oracle T RR%L
WAL T LR O, Z0mkiRe T— S Q X TPRRI A RAGNE, ©
B & R M AT RIS B AR EUE, J5 B AR min f(7) #ALA—DERAHK 90(7) =
f(@) = =0,
min f (&)
st. hj(@) =0, j=1,2,--- ,me (4)
gj(&) >0, j=me+1,---,m

o me HEERLARENEL m APTHARKAEL. il Q B LdFeAbs, B Birm i
K f(&) = (@) — =0, BIEEERZA, SRXWARNMEER me+ 14

5L p(Z) 1EN Oracle 1] BRECHT A5 1Y BE SR AA(HL, [F]BF IR 1°° SR SRR BREL res (),
HAX T

ZOO

L res(T) = max{\gi(f)|i:17,,, ,me Imin{0, g(f)}i:meJrl,--- m|} (5)
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ILERBUE p(7) BIHRAFN:

. a-|f(@)—-Q+1—-a) res(Z), if f(@)>Q or res(¥)>0
p(7) = . . (6)
—|f(x)—Q|, if f(Z)<Q and res(@) <0
AN AR o M5 BRBOTHRAZRN I
SO D/ i (75> and res(@) < LE2
1——W £ f(%) > Q and L= < pes(7 )<|f(f) Q|
a= 2 res(Z) (7)
3/l it f(z )>Q and res(T) > | f() — Qf
0, it f(&) <

TEA ZFAFRRAFRITE LT, AT S LA E %K%XEIJ HiERY, LR — Py Oracle
SREFANRIRE Q 5, Be—1 i [EHOVLERPEF AR, MHAA
Qi_{fl‘ Loif il < Q1 and resi™' =0 (8)
Q1 else
BT HENSE o MBI BE, f# Oracle il AL RE: RIFERER FIRY, HA—1Z
¥ Q, HX Q HABEATHE.

TESPES, TR (7) FIAREFR by (7) = 0, —RERAFALR |1y (7) — ef < 0 RitfT
WOFR. AR RHFAE n ABREEHE, S = {s1,52, -, s}, MATLAEIL — SRR © € [1,n] B
By 7 PARRECARE o, AT

i =round(z), z€[l,n] 9)

2 FULIEZEECTT It R PR B R ST BOK TR

2.1 BHrEE

FERRY R T B BT AR UR, RucH A AL E Ry AR S E LGB VE. ThEETT
SHUERHPE 36~47TMN-m~2-s~1, X VCEAEHVE 3000 kJ-kg—'~3500 kJ-kg~!. 7EIFIFE4EZS R
FBHAA T 1700 JT/t IRTHE T, MR FALEL L e it Ak EZ 2
B4R C. H, O, N, Na Jo&R, 7EME5 R E AT T RALIEZS CoHyONaNa, BRIES N 7
vl

b

C,H,O.Ny;Na, — gNaQO + gHQO + gNz + (C _c_ g — a) COs + (2(1 —Cc— -‘1-2 + )CO

AH a. b, ¢, d. e HEATHALEZF C, H, O, N, Na %m?ﬁ%é’])’%xjéﬁt ﬂﬂﬁ
" 10a; " 10b; 10¢; 10d; 10e;
a:;mlxi b:§mi ; Zlmxzd Zl Zlmixi
ETER: JEARIMIEIR Q23 =Q1,3 — Q12
KH, Qus WIRIEF W EIAZ T, Q1o AIELMAERI, Q2 MIERN. & « AWM ERE
’ﬁmj@ Qf(l))l = 1725 L) )rlIJ
b+e

e b d
Qmax = 3 “Qf(Nayo) T EQF(HQO) t3 “QpNy) T <C - - a) “Qf(co,)
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b+e ", 10
+(2a—c+ T) “Qy(co) _Z_'Qf(i)

im1 M
Eﬁii’ﬁ%ﬂfﬁ Qmax - F(.Tl, T2, 7$n)-
2.2 HFIEE

FACKELG R ELTT BT AR PR ST, 2R A JFEAPRLSATT 6 Bl i A i I
TR Ol B @ MR o0, i = 1,2, n, SOPHI LR

Z 0;T; S 0 (10)
AR BTN 2 -
> @i =100 (11)
BREFER) @ FHIIAR costi, i = 1,2,-- -, n, MIFACKELGEM BT AR A XA :
Zcostixi = %;t (12)

A, cost RFLALKE L Rl AR RS .
A AR E R RR 75 FE St fE 5
si<x <ty (1=1,2,---,n)
HAACKEL AEEREN . AHIRER . K. FLALA . AEE. SR, REMRS R E S SRR
T1, T2, T3, T4, 5, FEENTHAN a, b, ¢, d, e, NIF:
a = 0.561z4 + 0.70925 + 0.706x¢
b=0.500xs + 1.111x3 + 1.028x4 + 1.496x5 + 1.529x¢
c=0.353x1 + 0.375x5 + 0.556x3 + 0.140x4
d=0.118x1 + 0.250x,
e = 0.05924

B a. b, e d, e THNBRETREREL Quax LR, KEMELEAPEHR AT RITE 1700/7C 7,
FREFLACHEZHRC T B AR AR B b s R A 0y
Qmax = 52.7921 + 51.08x4 + —23.07x3 — 97.77x4 — 173.0525 — 167.62z¢
BWRZEMAREZM
47x7 4+ 20z + —239x4 — 38025 — 380z < K
1+ 29+ 23+ 24 + x5 + 26 = 100
2.1z1 + 1.4xg + 1024 4 6.525 + 7.326 < cost/10 = 150

5§1‘1§10 70§$2§82 8§1‘3§13 1§$4§3 2§.7J5§4 1§.7J6§3

2.3 IMERESR

8 RNA-ABC Fy5xt FUALIE 25 e BE O ARAR RV AL SR . TR R SRS R0
S FEEEYITEAEL S, = 100, BIREEN 10%, Cycmax = 2000, limit = 200,p; = 1.0,p2 =
0.5. FUALSELHEL TR HinR B R =R 6 48, BF 3 MEMASEHFEENIAEFAY
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. A 3 BiR, 7ERT 30 248, RNA-ABC SATE Oracle FVAMTE ST, RErE R A17
Xk, FE/EHRE T AT KB RBTE B LS, MRZE TR THE 50 AR TR AERVE
3328.309kJ kg 1.

3800 —
3600 IR A B

<y | i

o 3400

o

&

jnng

o 3200 .
3000 .
2800 —

20 40 60 80 100

TEHAEL Cycle

B 3 RNA-ABC Ei:Ithksiibskdnss

W 1 PR, StH RNA-ABC 3%, Deb stf&8k D01 b REZ E N 4000, {3 flis
RS H BRNRR 3247.452, G5 RImER, HIWFEAR, UF 25%. {#/H HGA #yk 12
YRR R 50%, B EEAy 3244.821, IEF B C MM (HE HGA MfF o =
(7,78.253,9,2, 2, 1.747) B NB A L9 R SR BT B ot T BRAI(E, 24 1700.073 > 1700. RNA-
ABC FHEWSE AT o+ = (7,78.264,9,2,2,1.736), i8R 3326.997, tb HGA #)

GERAT, BERURAE DA 2R R R T P, UG T Deb A2 H3AM HGA Fka .
® 1 =FERRBERGT

Deb gt {EHH: HGA #y: RNA-ABC 3

donvcke mieme CRER emven mm T pem s
B fefose

Qmax 25 3247.452 5000 50 3324.591 332 3326.997 1.57e-8

FAAE Y B UBL T 25 2R 5 IR 77 S50 U RN R 2 B,
x® 2 FLitreuElics SIFEC A RIS EEL R

]
FSo  THRE R K x100 M Ak sem HCPE SRR RO
x100 %100 x100 x100 x100 x100 /kJkg™* A&/5¢ t7!
1 7.00  78.264 9.00 2.00 2.00 1.736 0 3326.997  1699.424
2 7.00  76.98 10.00 2.00 2.00 2.02 0 3190.736  1702.18

WERIECTT 1 ALk 2, 8 AT R SGAT T H L7 AR KRR RE, IR SORTIC T iR AEtE:
REW R = T IHEL DT, MEKEIEREANR 3 Prm.
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%+ 3 FULMESEECH SIRE A RIEMEREEE R
BB YEZ RS EERE
Bk kg™ Jk /m-s™? JEE /mm FRIEES /cm 5 3hEE/ml
1 3328.7 4100m-s~! ~4700m-s~'  17mm~19mm  8cm~10cm  300ml~320ml
3189.6 4000m-s~1~4600m-s~!  16mm~19mm Tem~9cm  300ml~310ml
3 &g

(1) FINATEERARMAC AR, K RNA 2 FHAES ABC BRLE &, JFEM

Oracle i BRFALIRLAR, SEBL T X BA LR PAL IR KA. 5 Deb BALFILM HGA 59k
X HERH, TR R A PRI T, RNA-ABC FAREW] D BGE MR L.

(2) MR4% RNA-ABC AT H B B U ALK LS BL T WO FLAL K 24, ASREARE] 1700/

JC -t DUF, RIS, R s TIRAAALIES, Bl oy m 2L 25 BT RE R i
o T IRABLTT, X ECGE 2 KA T B DA B BOSCR ™A T AR SEm, 32 T 8RRy A2 Ak 4,
FAHEUHE.
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