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ABSTRACT: A deep-sea manganese nodule miner consists of 4 parts: the

Deep-sea Manganese Nodule Miner 4314 w21ay] 3371

pickup device, crusher, disposal device, and tracked vehicle. The tracked

vehicle is an essential component to keep the self-propelled miner moving across deep-sea soil. The performances of the tracked vehicle are influenced

by noise factors: the shear strength of the seafloor, bottom current, seafloor

slope, track speed, reaction forces of flexible hose, etc. It is necessary to

adopt a robust design method that improves the performances and minimizes the variation caused by noise factors. Taguchi’s method, the most
widely known robust design method, searches for the robust optimum using an orthogonal array composed of the product of the inner array and
outer array. In this paper, we propose a new screening technique to reduce the number of input factors and apply the MRSN (Multi-Response
Signal to Noise) ratio to convert multiple performances into single one in order to overcome the difficulties and limitations of using Taguchi’s
method in a case with many input factors and multiple performances. A test miner was already designed and tested. It has about 1/10 the capacity
of a commercial one and was successfully operated at an in-shore area. Taguchi’s robust design was applied to the tracked vehicle of the test miner,

and design improvements were implemented for the vehicle.
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Fig. 1 Configuration and design factors of a tracked vehicle
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Table 1 Control factors, driven factor and environmental factors of tracked vehicle

No. Factor Unit Low level =~ Medium level  high level Deviation
1 C Weight of track ton 7.07 7.64 8.13 +15%
2 C Position ratio of CG(X) 0.5 0.5125 0.525 -5%
3 C Position ratio of CG(Y) m 0.534 0.561 0.587 +10%
4 C Contact area of track m’ 341 3.52 3.63 -6%
5 C Aspect ratio of track 0.283 0.333 0.383 +15%
6 C Interval between left and right track m 224 243 2.63 -15%
7 C Weight of buoyancy ton 123 1.39 1.54 -20%
8 C Position ratio of CG(X) of buoyancy 044 0.489 0.538 +10%
9 C Position ratio of CG(Y) of buoyancy m 1.456 1.618 1.780 +10%
10 o Track velocity m/s 0.25 0.375 0.5
11 E Bottom current m/s 0 0.0838 0.1836
12 E Seafloor slope deg 2.524 6.6814 13.3628
13 E Shear strength of deep-sea bed kPa 45 55 6.5

C : Control factor O : Operation factor E : Environment factor
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Table 2 Proposed screening technique for multi-response system
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The smaller-the-better response 1)

No. Factor Pitch Sinkage Slip Torque Selected variables
1 Weight of track @) (@) @)
2 Position ratio of CG(X) (@) @) (@)
3 Position ratio of CG(Y)

4 Contact area of track o @) @)
5 Aspect ratio of track @) (@)
6 Interval between left and right track
7 Weight of buoyancy @) o @) @)
8 Position ratio of CG(X) of buoyancy (@) @) (@)
9 Position ratio of CG(Y) of buoyancy

10 Track velocity o O (@) (@)
11 Bottom current O (@) @)
12 Seafloor slope (@) O (@) (@)
13 Shear strength of deep-sea bed o O (@)
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Table 3 Taguchi orthogonal inner and outer array

Outer array
Array L01 L02 L03 L04 L05 Lo6 Lo7 L08 L09
Array Pattern 0000 0112 0221 1011 1120 1202 2022 2101 2210
Lo01 000000 1 2 3 4 5 6 7 8 9
Lo2 111111 10 11 12 13 14 15 16 17 18
L03 222222 19 . . . . . . . 27
L04 001212
L05 112020
Lo6 220101
Lo7 010221
Inner Lo8 121002
array  L09 202110 )
L10 022011
L11 100122
L12 211200
L13 012102 . . . . . . . . .
L14 120210 118 . . . . . . . 126
L15 201021 127 128 . . . . . 134 135
L16 021120 136 137 138 139 140 141 142 143 144
L17 102201 145 146 147 148 149 150 151 152 153
L18 210012 154 155 156 157 158 159 160 161 162
Table 4 Quality loss and MRSN ratio of orthogonal array
No. Wt of [ v S et of PO i v iy o M
track aG(X) track track buoyancy buoyancy 07 1 1 o ratio
LO1 0 0 0 0 0 0 0.203 0.009 0.330 2187 -2.551
L02 1 1 1 1 1 1 0177 0.011 0.365 2.358 -2.8%
L03 2 2 2 2 2 2 0.164 0.013 0442 2560 -3.381
L04 0 0 1 2 1 2 0.349 0.007 0.460 2451 -3.566
L05 1 1 2 0 2 0 0.120 0.008 0.258 2.140 -1.689
L06 2 2 0 1 0 1 0.085 0.023 0.446 2.480 -3.923
Lo7 0 1 0 2 2 1 0.193 0.007 0.438 2168 -2.773
L08 1 2 1 0 0 2 0.149 0.013 0322 2.326 -2.735
L09 2 0 2 1 1 0 0.199 0.014 0.379 2.625 -3.416
L10 0 2 2 0 1 1 0.128 0.006 0.238 2.014 -1.181
L11 1 0 0 1 2 2 0.368 0.012 0467  2.606 -4.109
L12 2 1 1 2 0 0 0.126 0.019 0.524 2.654 -4.072
L13 0 1 2 1 0 2 0.240 0.006 0314 2292 2422
L14 1 2 0 2 1 0 0.065 0.014 0.446 2176 -2.975
L15 2 0 1 0 2 1 0.265 0.015 0.382 2.643 -3.726
L16 0 2 1 1 2 0 0.084 0.006 0.275 1.907 -1.133
L17 1 0 2 2 0 1 0.285 0.011 0.470 2692 3787
L18 2 1 0 0 1 2 0.243 0.020 0.449 2.719 -4.269
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Table 5 ANOVA (Analysis of variance) of design factors
Degree of Level Sum of Mean of Contribution .
Factor o F ratio p-value
freedom 0 1 2 square square sum (%)
Weight of track 2 2271 3032 -3.798 6.994 3.497 4430 279.01 1E-13
Position ratio of 2 3526 3020 -2555 2831 1416 1793 11294  152E-10
CG(X)
Conta:rzcalfea of 2 3433 3021 -2.646 1.861 0.931 11.79 7424  3.98E-09
ASpe‘;aZit‘o of 2 2692 2983 3426 1.638 0.819 1038 6534  1.05E-08
Weight of 2 3248 3051 2802  0.6017 0301 381 2398  1.13E-05
buoyancy
Poistion ratio of
CG(X) of buoyancy 2 2639 3048 3414 1.801 0.901 11.41 71.85 5.1E-09
Error 5 0.063 0.013
Total 17 15.789

Table 6 Comparison between designed test miner and optimum conditions of Taguchi robust design

Weight of  Position ratio of  Area of Aspect ratio of Weight of  Poistion ratio of CG(X)
track CG(X) track track buoyancy of buoyancy
Desigl?ed test 0 5 > 1 2 1
miner
Optimum 0 2 2 0 2 0
Table 7 Optimum result
Average Deviation
Estimation Pitch Sinkage Slip Torque Pitch Sinkage Slip Torque
[deg] [m] [%] [kN/m] [deg] [m] [%] [kN/m]
Total average -0.0688 0.0324 0.00185 0.4578 0.2381 0.0167 0.00105 0.239
Designed test miner  -0.1912 0.0211 0.00150 0.4176 0.1187 0.0109 0.00089 0.235
Optimum -0.3259 0.0202 0.00136 0.4026 0.1643 0.00922 0.000825 0.233
Improvement(%) 385 46.2
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