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Abstract : In order to determine the appropriate volume of the a pressure compensator of deep seabed
mining robots, this paper reports on an experimental test for oil volume change in an oil-filled box. At the
design stage of underwater robots, it is crucial to determine the capacity of the hydraulic compensator which
is replenished as much as the contracted oil volume of the robots. A pilot mining robot, MienRo was
designed to work under 6,000 m in the deep sea. The hydraulic actuating oil and pressure compensating oil
of MineRo may be exposed at a hydrostatic pressure environment of 600 bar. Although the oil can be
assumed to be incompressible, its volume is actually changed under high pressure conditions due to air
contained in the oil and oil contraction. To determine the capacity of the pressure compensator, the oil
contraction rate should be verified through an experimental test using a hyperbaric chamber.
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Table 1. Specification of electrical insulating oil and
hydraulic oil

Item Insulating Oil Hydraulic Oil
(Standards of KS) (Tellus S2V 15)
Kinematic viscosity <4cSt 3.8cSt
(100°C)

Density (15°C) <0.91 0.881
Flash point >140°C 170°C
Pour point <-27.5°C —45°C

Oxidation stability <0.6 mgKOH/g 0.25 mgKOH/g

(Total acid number)
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Fig. 5. Oil filled box for experimental test

Table 2. Pressure condition in hyperbaric chamber

Pressure Condition Time
0~300 bar Pressurization 574 sec
300 bar Keep 180 sec
300~400 bar Pressurization 185 sec
400 bar Keep 180 sec
400~500 bar Pressurization 185 sec
500 bar Keep 180 sec
500~600 bar Pressurization 185 sec
600 bar Keep 9000 sec
600~10 bar Decompression  End of experiment

EQ 2719 Aol 78 Folv} apE,

B AT BRe YRS 00 AF WsFS 4
S B3 FH =30 M AL otEl B A9
44§32 Agsher) B85 Aol IgAHE
A A3 B e B A 2UL A9HoR
ATt st e Badfe A WakE s
7] 918 22l 0~300 bar, 300~400 bar, 400~500 bar,

500~600 bar, 600~10 bar, 10~0 bar®] 4&L = o2
7Hek & AAREE EkE S 1T 0~300 bar
o Agre] P A A7 glol A& ez Tiebstal
300 bar ©]F-F-El:= 100 bar T = F 327F FAAIE
7HIet AF B3l 600 bare] §FE 2] =ERE
= SR K150 A=A AT S =
ZiolM o] A ste] -5 <18k 600 bar 7HF ©]
Folle A3 FEE 980 10 barZbA ZsbekaL ThA] 10~
0 bar®] T7F2 2 ZAPAIA A1FS FESTH(Table 2).

l'U

R

43 23
PR Fsto] ne A2

212
I f94 8718 dighvle] 438t

ol

= l“r

EO it
%
ol
20
N,
1o



A Study on Measuring Compressibility Modulus of Pressure Compensation Oil 77

EQ;

9\

Monitoring Monitors

Pressure sensor(0~600 bar)
Temperature sensor

Oil filled “pressure
compensated box

A

Control & Monitoring PC

Hyperbaric chamber of KRISO

Fig. 6. Concept of compression test using hydrostatic pressure chamber

shthFig. 6). 75€ 4
Aol A W YL vhe e WA FYsilch

2, 21l 212 87

é
o
o}d
i

2717} 3—«01 WSS Soloia sae
A4, FHEZ71E] 90% BET 2 US 22T} o] AL
FE B el gl e] e YaH WY Relief
valve) 255 27] 9ol

AR, W Woll 18 A2(igs AAlste] e E
&7]2 1;_}1_3] 7x40}_7_ xq]x% uﬂgﬁ 3}o)

SIS S Heh,
9, 2R HEA 871 2 gyl Weke B
2817) 919 54 Aletel LED 29g $Asiel 93

o] 7Fsal=s gt

TsA, 2P 9] S 0~600 barZ =AFH 02 7
3] o, 100, 200, 300, 400, 500, 600 bar®] 71& U<
of =EdlS uj kHRAT| A WHelE T EE
Ll 7%I~GPE}

Pz
4
1 Aol %%z sels}a
X

F AF Wt et 29

QA 54 8719 A4E 2451 9 54 37
of AP SFRIEALRel B AR MAS Fo) 8

=4 g,
4. A9 A9 2 22

AP WellA HEAS71e] AlAskE AEsiAl Al

237] 918 A ) AHE-E TS A DA ol ol s
Ao THe BASL Fig 73 2 AA WsE
#HoR RIHES F9eH T ABE Table 33} 2ok,
o) AZE ghe AZAL] Aold Beto] o)z of
7re] ol Brlslei). B A”ele] T o] &

= Wshk= Fig. 83 o] A dAsHA FAEA
Table 3014 7} S}z o] et 0ole] eh=g oke
99} 720 Lehdcy. o714 e 2l
7} re ppkmch Ae) A
o 3F :‘,: 1;]_
ol Tellus S2V 15 242] ¢F
18l 4= 21keA e dFES T3t
7} QrE ol thek ede] YFES OLE:‘E/‘U]SL]
o Z

%
o 2

W
rr

o o
o
&3
(4]

R Y )
o F‘lqﬁ |«

>,
oo o
=2
>~
&
i
A
_IE
< g
[oZ
:{E
-

A1_>‘
i
-
p‘h
N
4o

ot & x0
o -P{% £oox

427 VH Faae
/ST, FRRAFS Y E) AL
F3 A
c}( Table 3). 7141 100 baroﬂAM e
8 3718k &71 Wil EAfste 371
°]2 ®lt}. 600 bar°ﬂ/\1.4 =4 7:1]

AEE S8 dojxl AH AR dFA AT #*
(¢F 2.7x109 N/m?)& F1 2L Sa) 82lE Tellus 37

1
©] ZH1.8x 109 N/m?)Ht} =t} o]AL & 999 Al
B0 me AFFS Blad S v Tellus 37 o4& &4
LrollA] Tellus S2V 15 2% ®h 2 3k 7t



78 Kim, J. H. et al.

Fig. 7. Image of changed compensator volume under each pressure condition

Table 3. Compressed volume of Tellus S2V 15 oil

Pressure Contraction percentage  Compressibility of Compressibility of 0oil Compressibility modulus of
(bar) of compensator(%) compensator (cc) (%) predicted oil (N/m?)
100 78 43.20 0.38 2.61 % 10°
200 60 83.70 0.74 2.70 x 10°
300 45 124.20 111 2.70 x 10°
400 30 167.40 1.48 2.70 x 10°
500 16 205.20 1.82 2.75 x 10°
600 4 237.60 2.10 2.84 x 10
20 250
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Fig. 8. Temperature measured in the hyperbaric chamber Fig. 9. Compressured volume of oil under given pressure
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