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ABSTRACT

Performance and efficiency of deep seabed collector is a primary factor for feasibility of commercial deep
ocean mining. The efficiency of manganese nodules collector depends on vehicle mobility relative to undu-
lating seafloor and is attributed pickup head to keep altitude and elevation of it against seafloor. For this
reason, motion control of pickup head relative to the changing deep-sea topography and other disturbances
is of particular importance in design of pickup device. The concept of design axiom is applied to a pickup
device of hybrid type in order to evaluate the concept design. Kinematic analysis conducted in absolute
Cartesian coordinates gives position, velocity, and acceleration of the hydraulic cylinders which enable the
pickup head to keep the preset optimal distance from seafloor. Inverse dynamic analysis provides the dri-
ving forces of hydraulic cylinders and the reaction forces at each joint. Design sensitivity analysis is per-
formed in order to investigate the effects of possible design variables on the change of the maximum
strokes of hydraulic cylinders. The direct differentiation method is used to obtain the design sensitivity
coefficients.
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Table 1 The maximum reaction forces of each body*

Joint | Joint | Ref | x-direction | y-direction
No. | Type | Body | Forces[N] Forces [N}
J 1 Rev 7 3727.7 353.9
J2 Tra 1 0. 10.25
43 Rev 2 3727.7 414.9

J 4 Tra 3 0. -0.78

J5 Rev 4 -57.02 -849.6

J 6 Rev 5 948.9 11115

J7 Rev [ 4733.6 2703.8

J8 Rev 6 -57.0 -923.2

* Note that the reaction forces of translational joints are
defined on the global reference X-Y frame and those of revo-
lute joints are defined on the body fixed x' -y’ frames of their
reference bodies. The reference frames are defined in Fig. 2.

200 1 ! !
i j i
! z |
| | |
* |
-200 T i
] | :
~400{™" O : Driviag farcar resutting frem Lagrange Multiphiars dua to 1otal forces
X : Driving forces reaniting fram Lagraage Multiptisrs dus ta tpphed farces
GO0 " 7 Oriving formes senulteg fram Lagrsage Multiplivs dus t insrtin forve
i
-1000f ;
a .
-1200
[+] 5 10 15
Time [sec)

(b) hydraulic cylinder #2

Fig. 4 Driving forces to hydraulic cylinders

7



YA 157 A3E (19983 34Y)

FY& 0|27 g3 /M Aol Z 43 ARy A
F49 94 " g Addd #2804 #1d 2 FPo| F§
avtn Jz4€d

7178td F&2A0 W& Lagrange $5v 4 =9
gd| dele v & Adshed AHEHRH, Table 1
o 2 297} Jeht itk Tablelold 2UES ) £
"Rev’e A ZUEE "Tra've #¥7 ZUEE 747
A, 14, 39, T8 2UQEQ) F= Yol 3000 ~
5000 (N) Ax2 F=8xx 6¥9 88 ZUEE g
o gol g€t 39, 64, TH, 8¥ XUEE =z Y
o 4Z259] iz 193 3W 2 EE 4AY #1374 94
8 2QEo} watd AA A2HE AHYdh= 4TS
St ZH Y UG #1o Yol Bol FEde AE
F F 3 o] HEO Hiale 283 B=s A2 + A

=5 47 Hojok & Zoln.
6. €A BlZT A

AutF o2 ZYF FEZA dis 4HdY Y 3
gol Z4E dyxle] #HME sl Aog 2w
AMe felsict, wepq Adoe Hd FH-S W A
9171 A% AA Ao sl WEg A e e A
A AAle F8¢ AR/ g, ol wet ¥ AFE
Fig. 19 Z&%] A, BY Zol& 44 A% b.b, 2 F
i AF e Rl 58 RAEY xi, y.Heke] 93] 2
38 AA ¥ b b2 FY B Fig. 19 4
#1429 Ao FPAg H5HSFVLVL2 I3y
‘Fol FogTh, A df, d; & o ARt rellA HdAY
FH9 AAY 2= Aboj9] Agjgln A ted Zo
Jutstd HFAZ 438 Al 4 3l

d{ = q,c0sqg +g5Sing,

— (g, cosq; +g,sing;) - dy,

d; = q,0€084q;; + 4y, singy,

—(g,cosqy +ggsingy) — dy, (14)
el AU Add £59 8 12 5 4e
st 2o] 3l 4 sl

13)

¥, = max(d,) - min(d,)
¥, = max(d;)— min(d;)

as)
(16)

4714 4y, d,= 24 AAE 1 #29] 71E A o

73

& /. gey 771 £330 del Vvt 9% 2
o18 ehdt. R 4 TR E ol 88 YAUS
b, b, b, b0l W) VHEE T

Zold 4% Yoo 4 H4E GU8E UPE Uy
o hgsE o v & nto?

{17

(18)

d71A SHA & HulE g £ Ay Al o

& AA A5 Au)EgL g TS YA ot
®.q, =-D, (19)

Fig. 5 (a), (b)& 27 AA PH o} i3 V. 9 ¥,
UATE e, 489 #19 Ad #3e =Zyd A
9] do] ®iglo) o}F Wztela 5 FUES] o= A
& Jgg ¥4 geve AL ¢ ¢ dd. gy ek
Adde 419 Ad 3L AR ddMe Zed A
o] Zol& WA AFle Aol feldlthe AL & F Stk
A9 #29 4+ A0 P S F/MATIEE ZY A%
Zyd BY 4olE FUHAACE &t AP oA 53
ZAEZ xi9 ¥ woz 73 y; o o Hgo
2 SAck ke AL ¢ 4 dx ZH ¢ B Zoj &
3HET 5 ZRES] x;Wgo o] Wisyt Ady #29)
Ao Ao st A ¢ 5 Aok

1.2 8

T34 AaiA Bika) FF7le] APZAE AAAH
oA EEAE 9 o 1A WS G dig A
TFE 71784, 958 SN FPsigict. AA
AA gelE H4ste & Al2dle] AddAr 28 4
AZde 2S¢+ U4 7178 14 & St 433
A7 Qe 23S AYE W FYF7L 4B AAY »
AE A7) A Addy Ad 944, &5, /SRS
Tilo] go2 £ AYFA ] A& A3 712 A5
€ AFsAG. B 9598 A4 E Sl dUdd
Folof & g FFozH AAY &3 AR S
A 712HQ) dolgE AR, 74 2JAEH Fee
S At 4 BAe ZAx AA Z2AE olEEA



N

oled - 34 - 4AE

XY SR RS

o
-

...............................................................

0.05

Sensitivity

-0.05

Cases

(a) Design sensitivity of performance function ¥,

0.07

0.06

0.05

Sensitivity
o o
o o
@ &

g
=3
<]

0.0t

.......

.......

.............

.....................

-0.01

Cases

(b) Design sensitivity of performance function ¥,

Fig. 5 Design sensitivity of the maximum strokes of hydraulic cylinders with respect to the design variables such as the lengths of
frames A and B, and x;—, y; — directional positions of joint 5 on pickup head
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