$38 % 2
2024 1F 4 H

EERuN Sy
NONFERROUS METALLURGICAL EQUIPMENT

Vol. 38 No.?2
Apr. 2024

SIAREI PN B AL TR T - WORHR B 5 R BGESRAL A BT[] A7 (15845, 2024 ,38(2) :46 - 51.
SUN Ling, JIA Kai. Optimization design of cutting head shape based on particle-ant colony hybrid algorithm[ J]. Nonferrous

Metallurigical Equipment, 2024 ,38(2) .46 —51.

B T4 T - W BHR & 5 A M BB SR AL iR

S NI 25

(1. B 7 W RIR SRS S,

3 wp2
, w2l

T F47 1230005 2. 57 Tk AU AL AL, TT 4 121000)

(# F] 4% EBH-150 Bl AL Sk 70 o o it r 8 380 1) Ay e sl 1T, SR KL 1 - WOHE IR 5 306 X
AP LIERF KA TS . A Matlab BUERSAAT X0 B HE91 S 8017 2 BARLAL, DUBIBA 35
Ar PSR THIBEOL A TARREYE . PSS R s BRI Sk A R (R R 22 VR B8 U, IS 1) A T2 3/ s, (A B
WA 32 SO Y A 1 BRI SRR T 24 629% , HABTT 1) A 2 10 3l 11 S0 35 ARG, 0 ad 509% X Sk A 2K

PE T BEHURE T T AR E T, A B T RE R R Sk (T A i

SRS AR Sk A8 L T 1) b (14 34 24

(EAT BT AE BT I (LR AR, B S 1 BRI R BB R BT 3, DAL BT s T BRAR A 2OCR (B i
PR HEATRE . A5 N S HELEE] S A PE A B B T — Bl R ik S X T R S L T AR AR

Mz RAEEE L,

[RER] JadEpl; Bk B - WO IRET L Matlab 800F; B{a Bl

[ HE 4 S ] TD421 [ XEkFRERE] A
DOI;10. 19611/j. enki. cnl1-2919/tg. 2024. 02. 008

0 3§

TR Sk 2 i AL T A R 1 S B A,
M 22 IO 6 AT TC 5 HRH Sk 1 e sl g
BOZREATOIRIANRERE i TGRSR SR B
SIS CRAT VL 12, Hedei i il s 1 LA
L TARZROC B A R LR TARRCR AR % 4
PERET o RSk Bl TS AR ALY A A R A
PR AL RN, A AR Sk AN Y A 2
HEAG B, AT RE T 208 Sk AR TAR R RS2 AN
SBT3k 23 AR Sk RO BHLRORE 55 , M T AR
I A7, I Al e PFLAR bk B 5 302 7= 2 e i
TERGRIE AR, B ORI A HES 7 B4 I
R IR U R R AT P P R IR £
HEZ K-S EORE ) i A2 A 3 152 e 2 4R Sk LA
LA HLRRR 2 PR 800K . it XA i 4k
FUHEATILAL , BE . 25 4R T A RIRCR , /D REFE, [A) i
L B ARG DR A X 7 2 ey S B8P LR e XU, S

[ HER] 2023 -11-12
[F—1E&] 8 (1984—) , L, i T RHF N, TR, fifi 1,
F B 7 AU R EEIE

[ XEHE] 1003 - 8884(2024)02 — 0046 — 06

3 BEAL LA B Sk i A A
1 #HFLANE

HH K IR 45 R Sk 58 A B ERhFe st
WA VTR BT 100 A1 58 8, A PR A Sk L 45 i,
1B RHI K SE A e R I, 2 A 2R 5 ik
T TS AT — A S A, 1 R X L S T AT B A AR
L HIER . IR B4 LR SE R S A2k e i s 21
G P DS EIR R T

(b) 4% T

B1 #HEAEREBIXEREER
Fig.1 Shape of cutting head and envelope

(a) SN

surface of cutting head tooth tip

A TS AR Sk B0 19 2 e O Sk g s
HEBN SR SR A A8EAT (52 Jo] o R L AlA 4



PN FeAF . FETRLT - WURHR B 5k R BGE SRR A B

TERGE] Sk SRS H RISk TLAT RO AR Ak B
ANARETRTSE T, K 8] B AN AT 54 J] A B R i B
AN 2 T ST S e AR Sk AR BT 1) A
D5 1) RT3 1) b R ey L K G AT R A e Sl L
PRI, A% SCHEE A AT £ 7 I 5 A )
VERPRAT BT 25 5 B X = [0,0]"

2 HirRERET

i Ee AR S B 10 Bl R/ N LA BT 197 22 AR EIOR
AN i AR, PRI, AR Sk 88 By 1) 4 e
R, MESEDT AT Ry, BV J7 18 #f R, A B A
M 7822 28 0 /M D A HE S S 80010 Y H AR

BRSO UL A 2 LR DI 1 T e
A8 19 78 22 R BUE B 2 H AR, 57 H b eR AL
W,

F(X) =0.2f, (X) +0.2f (X) +
O4fR (X) +0. sz (X) (1)
A e, (X i, (X) S (X) Sy, (X) 35N R, R,
R, 1M, 7872 AR/ NS AROUAL B bR s g

Opr
i, S (0 = (2)
AJM-—* (3)
Axm=fi (4)

i, |

J

1 n; 1 "j
Tr. = IE(RX:' _ERJZ By = z Ry

joi=1 joi=1

1 ”j
Op, = *Z (Ry, - ER,,)Z Ey =
i

n. n

=1

|—
M=
=

JZ(R—E)
ﬁ¢o¢ﬁ%ﬁﬁﬁﬁ%ﬁ@%lﬁﬁﬁ%ﬁX\
Y Z J7 R T n R R R B R
WAE XY Z F7IA R

3 AREHE

AR AT 1L 0 ke 0 2 O (B
SE AN AR AFRIXT I R A A
1) ARk A R 1 5
g, (X) =x, -18>0 (5)

g, (X) =42 —x, >0 (6)
2) AT 631 ] £ 31
g, (X) =40 —x, >0 (7)
g, (X) =x,-60>0 (8)
3) WA A PR -
gs(X) =x, -60 >0 (9)
gs(X) =90 —x, >0 (10)
4 ) FHAT 17 R 22 2 AR P B 71 <
2, (X) =x, =80 >0 (11)
5) Pedl )i SEBr Ak 7 AR
g5 (X) =x5=0, (12)
Qr =SV, (13)
S, =ae (14)

Ao S AR Sk A AR B A, mm? v, A
AR , m/s ;o AEEIERE, mm;e BH]
RIE , mm,

6 ) B P R .
g (X) =v, (15)
A, e[0.3,3],
7)) ) S B i R A
g (X) =n (16)
:—EQEP:HE [10,75],
8) B TE Tt A B il .

Ve
g, (X) =arcsin( ucl;);@f—sin (pf) -¢, (17)

JC‘:F' V, R A T m/s, $ (18) T
=3,

sin acos(@ +¢)

cos @,
AP WEEIL TR MAEE, (°) ;D NEFH L E
&, mm; o, NS SR RS, (°) .

4 fUFESERFT

B X AL GBSO 5 [ Sy e A0 i A A
ST BN 4 (] 81, S TR E L WL G O R
FE T Mt B T —Fp 3t Fohr A R i WO
T A AR S R TR R o s A B
TR EIFRRE @ X 3 AR Bk, 51558
WOREEE T L, E R T SY Tkt 2
AR IR ZE R I IR VA AR A b CRFEFP R () 2 4
P, AT IR G, 2 R v R i M Bk
B, FFRIHERWE 2 B,

V, =0.5Dg

(18)

47



HEEE 2024 44 2 W

ik

| iy AT TSR |
v

IR TR

e —

SRS

xl%’f.

L RS PRl il 2Rz
| | |

e R

B2 AR EFIEE

Fig.2 Block diagram of optimization design program
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Table 1 Pick arrangement after optimization of

parabolic cutting head

WS t R B 0 L
1 18 316 36.3 135 5
2 18 344 36.3 225 19
3 18 353 31.6 315 28
4 18 371 31.6 45 42
5 18 381 27.0 162 56
6 32 381 27.0 252 56
7 32 385 22.3 342 70
8 32 385 22.3 72 70
9 32 390 17.6 187 93

10 32 390 17.6 277 93
11 32 395 15.0 7 121
12 32 395 15.0 97 121
13 32 399 15.0 205 149
14 40 399 15.0 295 149
15 40 404 15.0 25 186
16 40 404 15.0 115 186
17 40 404 15.0 230 223
18 40 404 15.0 320 223
19 40 399 15.0 50 241

20 40 399 15.0 140 241

21 40 395 15.0 250 269

22 40 395 15.0 340 269

23 40 390 15.0 70 297

24 40 390 15.0 160 297

25 40 385 15.0 275 316

26 32 385 17.6 5 316

27 32 381 17.6 95 344

28 32 381 22.3 185 344

29 32 371 22.3 295 362

30 32 371 27.0 25 362
31 32 362 27.0 115 395
32 32 362 31.6 205 395
33 32 353 31.6 318 423
34 32 353 36.3 48 423
35 18 353 36.3 138 441
36 18 353 44.6 228 441
37 18 334 44.6 348 464
38 18 334 54.9 78 464
39 18 325 54.9 168 483

40 18 325 64.2 258 483

41 18 302 64.2 17 502

42 18 302 73.5 107 502

43 18 279 73.5 197 515

44 18 251 83.0 287 525

45 18 232 90.0 81 529

46 18 200 90.0 171 529

47 18 167 90. 0 261 529

48 18 139 90. 0 351 534
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Table 2 Truncation arrangement before optimization of

R2 MMEREE MUBTEEHES]

parabolic truncation head

Mk P t R B 0 L
1 20 316 36.3 136 5
2 20 344 36.3 217 19
3 20 353 31.6 317 28
4 20 371 31.6 42 42
5 20 381 27.0 163 56
6 20 381 27.0 246 56
7 34 385 22.3 341 70
8 34 385 22.3 58 70
9 34 390 17.6 186 93

10 34 390 17.6 267 93
11 34 395 15.0 8 121
12 35 395 15.0 82 121
13 35 399 15.0 207 149
14 35 399 15.0 287 149
15 42 404 15.0 30 186
16 42 404 15.0 109 186
17 39 404 15.0 232 223
18 42 404 15.0 312 223
19 42 399 15.0 52 241
20 42 399 15.0 132 241
21 42 395 15.0 252 269
22 42 395 15.0 336 269
23 42 390 15.0 72 297
24 42 390 15.0 155 297
25 39 385 15.0 277 316
26 34 385 17.6 176 316
27 34 381 17.6 99 344
28 33 381 22.3 177 344
29 33 371 22.3 297 362
30 31 371 27.0 19 362
31 35 362 27.0 117 395
32 34 362 31.6 197 395
33 34 353 31.6 320 423
34 34 353 36.3 35 423
35 20 353 36.3 140 441
36 20 353 44.6 218 441
37 20 334 44.6 350 464
38 20 334 54.9 67 464
39 20 325 54.9 172 483
40 20 325 64.2 2471 483
41 20 302 64.2 19 502
42 18 302 73.5 107 502
43 18 279 73.5 197 515
44 18 251 83.0 288 525
45 18 232 90.0 83 529
46 18 200 90.0 138 529
47 18 167 90.0 267 529
48 18 139 90.0 312 534
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Fig.3 Load diagram after optimization
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Table 3 Load condition after optimization of

parabolic cutting head

i
/%

IRME/KN  28.6928 24.4982 4.1946  14.62

C= T 0 GV Y L1 7 A G S 4

R, YJH/KN 21.9306 22.5343-0.6037 -2.753
BF=EY i 0.1112 0.0283 0.0829 74.55

BRME/KN  30.1098 27.2977 2.8121  9.339
YIE/KN 25.7483 26.3724-0.6241 -2.424
AR 0.0554 0.0247 0.0307 55.42

FRME/KN  38.7977 36.8098 1.9879  5.124
R, ¥IH/KN 34.9478 34.7483 0.1995 0.5709
AERE 0.0499 0.0221 0.0278 61.92
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Fig.4 Outline of the cutting head before optimization
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Optimization design of cutting head shape based on
Particle-Ant Colony Hybrid algorithm

SUN Ling', JIA Kai *

(1. Fuxin Industrial Transformation and Revitalization Service Center, Liaoning 123000, China;

2. School of Mechanical Engineering and Automation, Liaoning University of Technology, Jinzhou 121000, China)

Abstract; In addressing the issue of load fluctuations encountered by the cutting head of the EBH-150
type horizontal axis tunneling machine during the excavation process, this study employed a hybrid
Particle-Ant Colony Optimization algorithm to refine the design of the existing parabolic-shaped cutting
head. By utilizing the numerical simulation software Matlab, a multi-objective optimization of the
arrangement parameters of the cutter teeth was conducted, aiming to diminish load fluctuations and
enhance the operational stability of the tunneling machine. The optimization outcomes revealed that the
spacing of the cutting lines was adjusted to gradually decrease from the exterior towards the interior,
resulting in a more uniform distribution of force on each cutter tooth. There was a 62% reduction in
lateral load fluctuations, and significant reductions in load fluctuations in other directions as well, all
exceeding 50% . These enhancements effectively improved the stability of the machine’s lateral cutting
entry and contributed to extending the lifespan of the cutting head. Although there was an increase in the
average load in certain directions following the optimization, the peak load values decreased, preventing
the overload phenomenon of individual cutter teeth. Overall, the optimization design achieved desirable
results, yet its efficacy still requires validation through practical application. This research provides
effective algorithmic support for the optimization design of tunneling machine cutting heads and holds
significant implications for improving the work efficiency and safety performance of tunneling machines.

Key words; heading machine; cutting head; particle-ant colony optimization; hybrid algorithm;

numerical simulation; software Matlab o\
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