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Abstract: In order to address potential safety hazards of dust explosions caused by the dispersion of
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combustible dust during the intelligent transfer of medium and heavy flammable materials (such as coal) in
mines, triggered by the movement of robotic arms and materials, this study takes 6-axis industrial
mechanical arm as the subject. Referencing the technical parameters of the arm’s joint motion and the wind
speed threshold for coal dust dispersion as motion constraints, the "4-5-4-4-5-4" polynomial pose
interpolation method and the proposed SEKOA were employed as the motion trajectory planning model for
the robotic arm. This model analyzed the nonlinear combinatorial engineering optimization problem for
achieving safe and efficient operation of the robotic arm. Under the established motion constraints, the
SEKOA algorithm demonstrates higher efficiency compared to other algorithms in safely transferring coal
powder materials, achieving the fastest time of approximately 9.5 seconds. The material movement is
stable, with no tilting or collision. The motion trajectory planned by the "4-5-4-4-5-4" polynomial
interpolation method is smooth and continuous. During the material lowering phase, the peak velocities of
the main drive joints 1 and 2 are approximately 0.72 rad/s and 0.47 rad/s, respectively, with peak
accelerations around 0. 5 rad/s”. After decelerating for about 2. 5 seconds to 0 rad/s, the robotic arm can

gently place the material at the designated position. This approach effectively prevents secondary dispersion
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of coal dust on the sealing container.
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Table 2 Constraint information on the motion posture of the packaging box

A A S B 5 D 5
1 0 0 2.5 1 0 0 2 1 0 0 0
VRS 0 -1 0 0 0 -1 0 -1 0 -1 0 -25
o o 0 0 -1 07 0 0 -1 1.8 0 0 -1 0.7
0 0 0 1 0 0 0 1 0 0 0 1
e s R, Ry 1 kA R s B AR Ak ik Lo, 1<6, . <60,.
RS RS ol B 51 AR PR | e o i<o <6
ST U, T T B2 R A5 1 1 L > max(tt.t0)
TURE I R DL S A T IO R ) B R B AR (3)
) ty > max(t, ,ty,0,,b5,t)
& .
te > max(1,,t,,t,,t5)
T<t +it,+i,+1, tis 1, <15




4 8 4]

FAEANAE AL T SEKOA MUMEARPRIET N HUME e iz Ol HrRH Bt L&) - 175 -

K 00,.0", A RIRE n XA IE SR AR A
S YA AN LI o 11| o I SR VR & = i B N
W R MAMERE, 6, 0", . 4% i KUKA-
KR560-R3100-2 HLBE 55 n 517 1Y 0 $5c K Al
JE BUE J RSB EE

TEE 3 v, BT e B AR TE a-y Pz 3 1Y
U SCT RO 1, I, B B3R AR AE -y P TRTAY
ia HPGE I VR 1R 174 BIR, 456 B 2856 R
TR G 1 B A 3R /N T 0. 882 rad/s, H
607, ... =0. 882 rad/s, %] 50. 5°/s (T T EHLHE %
B HU50°/s, B 0. 872 rad/s) ; HA KT AV sh A8 i
AR 5% KUKA-KR560-R3100-2 HLASEF 4% A %k
FRKE, BiAREK3,

R3I EXTHEREE . AMEE
Table 3 Rated angular velocity and angular

acceleration of each joint

FHn 0, ./ (rad - s7") 0", ./ (rad - s7%)
1 0. 872 1.50
2 1. 396 1.50
3 1. 308 1.50
4 1.570 1.50
5 1.570 1.50
6 2.268 1.50

2.3.2 EBINWEBIEBZRITILEE
WU VIl 3o 78 o B2 A G AU 48T T
il 3 [F1 25— R 2R A B | WL 52 B 35k 2 3y
P B TRk 23 R ARG 3 280 5 i i ek, D0 G
Bl A MBI R, B T2 4, iy, 55
SR R AR BB, AR AL 16 3 I % 4k
PR FE A, AR AL R T2
£(8) =min( Y, 1,) (4)

S:[tl by I3 ;Z ls ts] (5)
K (S) M e sR B, AR R LR 1R 19 e A
W] 38 S SEKOA Ay Al fidt

3 SEKOA BEMH

3.1 KOA R
TE KOA W B — iy — 17 B, KOA Jdit
BRI ) 55— 2 A 1A T B s 2 AR R A R TR AR
fift . AT EALEHOH AT X 5100 F, R m
HUEERE v % 4 DS EEEHT . KOA M f i i
AR TN
X, =l+(u-1)xr (6)

i=1,2,--- N
j=1,2,.d
KOA 7L AR, 2id i AR 2 2Ok BB «
X, =X(g) +Avi(g) + (F,(g) +
T, 1HU® (S -X(g)) (7)
Xy, =X(g) ®U, +(1-U)) ®
{Xi(g) S+ X(g) |
3.0
(Xi(g) +3~'S'0+ X,(g) —Xk(g)j} (8)
X, AR AR TE SRR 2 b
) 6 BELIE I s u 1 20 Bl g B R A 0
B 1 Z BRI REALEC N A IR ; ¢ S Tk AR IR
$X,, % KOA R B i 475 @ %
IREHITTR M A NATEWIT 0 S5y, HITR
(R HRE 2 80 T, Ry B T 1 TE 25 0 A 1 BE LR
U B0 8-1,H 03 1 Z[EH 2 ABEYLEL &= A
M E ;S 9 HATE i (RFHALE) 5 X, (X, N #
fErh 2 NBEPLE U, O BT, 0 B 1 Z Ay —
AFEHLECS — > BEALE ) R A AT AE 5 9 H 3
IVEN /¢
3.2 BitRRE
3.2.1 RieBERE
H1 T KOA 7E 8 YR AU, B4 H Ak i =X
(7)8a0(8) BB 1 Ik, B ISR 218 1
2t 2E A S AR R, T
KOA 7ESZPR LA PERE , 7E KOA 5] A
i ft b B 3% ( Whale Optimization Algorithm ,
WOA ) ) M 1B R s, L Bt fen 0 fi A 2 A
PEo QA 4 s B fR X, AR SR R S R
M X, , X, 2538 2 (9) 3= (12) 3 A & A
B EHAR DI 4t . X, 28 A AL 8 (R
BX,, B X, USss| X, A g0, Hat& oy
KT,
Xoi; =S8, +R_,,..(g) X exp(bw)cos(2mw) (9)

b =,3(:052[42g) +1 (10)
wzl_(2+f;jr (11)

4 2,
XO;':S_li(A‘-_ngr-I-Gg_Q}XC®S_Xi<g)
(12)

XS, Mt S e j 40K R, ., HITRS
R B F B B i I — AR AE b AR sz 8 156



hoE e B o e

- 176 - China  Safety

Science

H35%
20254F

Journal

RIEARREL; C 2 0 B 1 Z (A1 A BEHLECZH B %L
A58 FH AL, A2, 5,

y

4 BKUBETERVCEER
Fig.4 Schematic diagram for updating detection

and planetary solutions

3.2.2 ENMREES

BEBLI 1 2 > 1O A 0 JELARURE 78 4 Je Y TR P
BEAILTHIE R S5 AR 7 B, DAY KA R ] 1 o
BLRRER S FIHBEPLR M52 X X, 5 X,
AR S X IR X' 5 X, BR X, LS,
PRE AR, ORAESE T ) B4 Y 7 ) AR R EAiE iF
BEAE R PR B R R A Lo Pl 8, i
B RIR AN

X, =u+l-r1X;; (13)

A XN i
3.2.3 FLUBRMSE

BFXT KOA FF A& RE J7 55 14 i, K 2 (8) iy
ORI EE T AR e PR I S 4k, DL 5 R R
RE5FFKAES), HFAAM T, 5l » BeshBek,
= (8) A1 —E MR AE 7 J5 Wik sh e/, X (8)
vk o IS R 2

n= 2r—l+(0.2r—0.1)cos(72gj (14)

3.2.4 HYPARXKEE

B T AR T A 1 A A Skt R e R 3
L A A R BB e L S S A ) L, 5 ) A1) 28 X
ST DA — A 1 i A Bk s R R R R Y B
A1 28 SURKGAMERTE 2 AR ZEBE A T3 AR 28 St
B AR HAD 2 ] e S Fe LR, D11 58 X H X
R DB AT T B, AR L 28 U X R
NN

Xi**f1<g + ]) = rXPi.jl(g) + (1 - r)ng_jZ(g) (15)
K g, g, N AR 2 A FEPLAERE
3.3 SEKOA it &

SEKOA W HEARPATHERUNT

12 ERENIHIL S N=30.d=6.1=
0.5.u=10,6=500; i = (6) £ w1 LA

F2 4 T E(4) 0% S f(S) I EM W,
22 PREAE W (I (13) A2 X 57 g | 5 36 5
fift 5 X, XTI PR R ACRAE, B S 5 A(S) .

553 PRI R, IR 0 3
1 Z B BEHLEL P,

B4 IR P<0. S, N9 A X, &
i (12) B3 X, , HAHR (6) #H i Ay
W R 13) A ST XSRS X, R
IR, BB S 5 4(S)

S5 AR 2 LR o, IR <,
(7)) BB X, SN (14) , R (8) 3
B X, IR (6) I T R AR, M (13) 4
B ST BT SRS X, X R B AR,
S5f(S).

%6 4 MR (15) XHR BT IR 2E X, Y
AR TE N g =2+1,

§7 4 R g =6 i &R R R S )R
PR B £(S) s TSR 3 IR Ak S A T30

4 HWEEEELHESHR

1ER(3) 5% 3 Wissh AT, ¥ SEKOA HT
EACHUBRE 5% 12 SRy R B VR ML 303 38 MU
B KOA ., WOA | ik 4 1 1t 5 7% ( Sparrow Search
Algorithm , SSA )" i 45 {1k 5 ¥ ( Dung Beetle
Optimizer Algorithm, DBO )" 5 5% 3% 1 4k 5 v=
( Crested Porcupine Optimizer, CPO) P ES XTI,
KR FOLER T b AR 2 /N R
F 4, Hrh SEKOA 55 3 L6452 1Y 4 Bl i
KIWES,

x4 FLBHKINER
Table 4 Optimization results for total homework

duration s

WHL | KOA | WOA | DBO CPO SSA | SEKOA

19.25 | 10.46 | 10.88 | 9.76 | 13.37 | 9.56

13.70 | 10.20 | 10.88 | 9.81 | 10.95 | 9.61

20.65 | 9.76 | 11.57 | 9.79 | 10.93 | 9.57

1
2
3 17.66 | 9.81 11.98 9.75 11. 21 9. 54
4
5

18.76 | 9.87 | 11.95 | 9.71 | 12.58 | 9.56
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