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Experimental research on vibration removing and
breaking of cobalt-rich crusts

Z0U Xiang-fu, HE Qing-hua, GUO Yong, ZHU Jian-xin
(School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China)

Abstract: The key technology of removing and breaking of ocean cobalt-rich crusts was studied by experimentations
with or without vibration loading on the vibration breaking experiment platform made by ourselves. The results show that
the breaking energy consumption is reduced further. The rules of how the main vibration cutting parameters impact the
removing and breaking of the crusts are obtained. A set of optimized vibration removing and breaking parameters are
discovered through orthogonal experiments: middle eccentricity piece loading, cutter fitting angle 45°, vibration
frequency 50 Hz, moving speed 0.6 m/min, rotation speed 25 r/min. The average driving pressure of the motor decreases
by 22.9%. Adding appropriate vibration load can reduce the energy consumption of the spiral roller cutting head
effectively.
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Fig.1 Sketch map of rotation and vibration machine
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Table 1 Cutting experimental data with big eccentricity piece

o ﬂﬂﬂ% W £ %ﬁiéf}};v/ {ﬁﬁﬂ/%ﬁ% r/ A?EHUE%P/MPa SR T BE%%
FHIE 6/() Hz (m'min ) (rmin"") &5l A
1 0 16 0.5 25 5.5 6.1 9.8
2 0 20 0.6 15 9.1 11.3 19.5
3 0 25 0.7 20 6.0 8.0 25.0
4 25 16 0.6 20 6.2 6.7 7.5
5 25 20 0.7 25 7.4 9.0 17.8
6 25 25 0.5 15 5.3 7.6 30.3
7 45 16 0.7 15 7.4 8.3 10.8
8 45 20 0.5 20 6.0 6.3 4.8
9 45 25 0.6 25 6.4 6.9 7.2
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Table 2  Cutting experimental data with middle eccentricity piece
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r?ﬁ ﬁHE 9/(0) 7 4](/ z (mmln ]) (r~min 1) yﬁij] %ﬁ?%ﬁ {EE}JI_‘FIE%X %
1 25 50 0.6 25 5.8 9.0 35.6
2 25 40 0.5 20 8.0 9.4 14.9
3 25 30 0.7 15 7.7 9.2 16.3
4 45 50 0.5 15 7.1 9.3 23.7
5 45 40 0.7 25 6.7 9.0 25.6
6 45 30 0.6 20 8.5 11.5 26.1
7 0 50 0.7 20 6.7 9.0 25.6
8 0 40 0.6 15 8.4 9.6 12.5
9 0 30 0.5 25 8.7 11.7 25.6
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Table 3 Comparison of decreased hydraulic pressure
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Table 4 Results of vibration cutting orthogonal experiment

with middle eccentricity piece
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1 251) 501y 0.6(1)  25(1) 356
2 251) 402)  052) 202 149
3 25(1)  303) 093)  153) 163
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Fig.2 Relationship between experiment index and four factors

M 4 RN 2 #0T LUE HH, TJ R 22 BE 6 ) 457,
B £ 50 Hz, “FEB3HEE v o4 0.6 m/min, ¥R
¥ r 2 25 v/min I, HE TR 2138 [ B4R
R, X 4 AR IEFEK A AR, 23—
TARMIICEESHL Oofiviry, AL TS 0, N
45°, B fi 50 Hz, “F-EB3HEE v 4 0.6 m/min,
R EEE 2k 25 r/min.

PRIk, w4 e st s G IR Eh IEI, nTLAR R 4
ANSHONIEN DI R BE i K 2/ MKIRCR -

WA r—P% -] 2R Mg 0>t
JE v.

3 ZAEREREIRSIVIANIE

K L3 H U e s DT S 56 B 3RAS I 2 AL DL e
SR, NI A R R A e s ¥ B A A . SE K
TAWIRIER AT IR AT 12 O LG,
3T A AR IR 45 R . 1B 3 B b 2 il g g
i 2k, enl RIPIBI KA AR 2 ikl
PIRAFARAULT R

M At PR S DR SR (K 2 4 n] DA - ds
PR S TCIRBIAALE, R BSR4 S Ik YR sl i R W St R

"
B, HCRahim e o] AR, X5 Rk SiiR 45 R e
—E.

FelRah MM A5 Hzh 3K Eh i =

.................................. -

g 1.0 2.0 3.0 4.0 5.0 {

t/s
3 2WIHRADH R IR T b &
Fig.3 Driving hydraulic pressure under vibration cutting with

full picker
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