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Design and Dynamics Analysis of
ROV Launching and Recovery System

SangKi Lee

Department of Mechanical Engineering
Graduate School, Korea Maritime and Ocean University

Abstract

This paper is for development of ROV LARS(ROV Launching and Recovery
System), based on the same as the actual product. A Lebus groove drum and
an angle level winding type winch were designed for stable winding of
umbilical cable up to 3000m below sea level. One of the most important
features of ROV LARS is to control ROV to work with Umbilical cable stably
even in rough sea conditions. It is characterized by controlling the amount of
ROV heaving by wave using real-time wave data transmitted from MRU. The
dynamic analysis was to verify the structural stability of the ROV LARS acting
in the sea state 5 and the stability of the hydraulic system. Through the
production and dynamic analysis of the ROV, it is recognized that the ROV

can operate stably at 3000M underwater.
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Table 1.19] FAI®E AA i HF-7F~ AL D AlF A A2 A
B 20159 7|Fo s A AA HEZ=S Azl Alsro I A9 Axp Al
&) ikl S Zﬂii AEch Hdsie] A4F vlFd 201519 82%09

Table 1.1 Resource Production Forecast by Depth

N 32 2K(1,000b0e/d ) Z%) o
e 015d | 20o0d | 2015d@ | zoera | o rE)
NESE 3,644 4307 8.2 79 18.2
obel 8,189 9,017 183 16.4 101
549 2.106 2.807 47 51 333
) 4,056 4,697 01 8.6 158
= 12,489 15,663 28.0 28.6 254
B 1,205 1,536 27 28 275
PREYT 5,162 4,938 116 9.0 43
2B 36,851 42,965 82.6 784 16.6
] 3% 2K(1,000b0e/d) 02%) o
A 015d | 2020d | 20159 | ooora | o rE®)
NESE 3,093 3.997 69 73 29.2
obel 522 1,442 12 26 176.2
549 - 121 - 0.8 -
Zg] 2114 3.022 47 55 43.0
= 10 247 - 05 2.370.0
B 1,603 1,994 36 36 244
RS 450 733 1.0 13 62.9
2B 7,192 11,856 174 216 52.2
— 2 —
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LARSE =4tstatr] 1@ 2le AT A7 5%2 5o, Table 1.2¢014 2
TEOl A= wieh o] AN AEHE= a7l mE 7= 2, A
AF 314 gl FMECA #4 A7E 33t

Table 1.2 ROV LARS Development Condition

g & 4 % H] 11
Sea State Sea State 5
Wave Height Max. 4m
Type Overhead Telescopic Type
Capacity S.W.L 10Ton
Operation Depth Max. 1600m
Hoisting Speed Max. 29m/min
System Pressure Max. 230kg/cm?
Classification KR

ROV LARSE Alute] Ftxzo wtg}l A-Frame Type, Telescopic Type %
2 FEHAY. A-Frame Type2 Telescopic Typeoll Hla] F+F& o2 w3}
A RE A Fol] dX=o] ROVE e|Fo Adste 3ol Aok wHhd,
Telescopic Type®] -9 Boom& Al&T=317] 913 H343 +x271 28
stA|RE 117ke] ROVE Wil AA|ste ROVE ¢HdstA Bad + Ae=
A o] Qo] B A= Telescopic Typee] ROV LARSE tiade g <
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Fig. 1.2 A-Frame Type ROV LARS Fig. 1.3 Telescopic Type ROV LARS
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Hok7]) 9} Level windel] th3t Aojth A g @3z wel dlazd
A7} Level wind2 AAskaL, AA A& that A4 &) A A8k

Ao
- =
A7 B Agdolde B3 Ae Testg 33Tt HE0]

OB

HAg719 Level windell gk FMECA #4& 53t sl Ao digh

FAQ A% g AHGS AFB,

o

Collection @ kmou



Al 2 % ROV LARS 44

2.1 ROV LARS 2A =4

B =R AA/AZEE= ROV LARSS A A

=
D A A&= ROVe TMS & o4
AHE FA &= Table 2.1 2 Table 2.2¢ 20},

2) ROV7}E &85 = oA siddelE gt ROVZE

SE&HE HY9 AN E = Table 2.33 2o},

3) ROV7F AA 5=
A A gk o},

4 AelEe #

mN

T &l gA LARSe F4<

7+% 4 A Ee ROV LARSY/} A 3slm ¢4 3
F A= gme Axd F4E B

24 D oAF e Hrse

5 BAlE = FFH Al2H 9
Al es A5H BFE AASEH ROV LARSY 8o o B
dAHoly EEHA EHE VA & F UEE AASH. ol &
Ed & ROV LARSY £3& & SWL 10.0tone. =2 3o,

Table 2.1 Weight per Equipment
7 A H 1
ROV 3.7Ton Air
3.1Ton Air
TMS
1.8Ton Water
Umbilical Cable >.1Ton/km Air
4.0Ton/km Water
— 6 —
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Table 2.2 Air/Undersea Weight

3| 3/3 A 2] FA| = FA
Eilk '
TMS 3.1Ton (Margin 0.2Ton *3%hH
2 TMS 1.8Ton 10.0Ton
Sl &
Umbilical Cable | 6.4Ton(4.0Ton/km * 1.6km) | (Margin 1.8Ton 23}

Table 2.3 Operation Condition

3 = R H A
|22 3373 5
frel da Hdl 4.0m

ROV LARS | ZF&EEGIFH 4 Ad 2=E

$8=zxA ALZTi ZHo 24.5 knots
7] 11.1 sec
7)1 Z&3k4 35 E
A9 5.00 deg
ROV LARS EXNY 4.00 deg
Wads
e CLRR e 0.4 g
ATt 0.2 g
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2.2.1 Combined Umbilical Winch 434

ool e

=

élﬂ
O
m——
@F@‘*
S |
%

5930

1948 2550

Fig. 2.2 Combined Umbilical Winch
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Table 2.4 Data of Combined Umbilical Winch

Length 2550 mm
Width 1948 mm
Height 5930 mm
Weight 28000 kg
Material KR A36
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2.2.1.1 Level Wind A A

Fig. 2.3 Level wind

Level Winde d¥elZ AlolEo] =4 & 242 <+
24 Edo] FA4E o dUgF AolE FAYS AAS] #d Fig.
2.33} 7o) Fleet Angle SensorE F&sle] gl
ko] wel Sheavert Wl 202 HASY A, 5 AA MM 2
o] A AAE F2 st AN AYr)o AEe I dEEE AolE
ZY ZolE & F UEE 39th Level Windg FAstT = AlA

olgf Table 2.59} Zt}.

i)

rr
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Table 2.5 Sensor for Level Wind

iV

Length Counter

Load Cell
Fleet Angle Sensor
Rated
. . Rated 6A
Capacity 20 Ton Resolution 3,000
Current 250V a.c
R.C)
. . 2,000V a.c
Rated 3.0mV Load Dielectric
Max. 10mA 50/60Hz for
Output(R.0) [V+0.5% Current strength .
1 min
<0.05% in Power Contact 250V a.c,
Creep Error ) 12-24VDC
20min Supply voltage 30V d.c
) Min.
Zero Current Life .
<1%R.0O ) Max. 80mA Imillion
Balance consumption expectancy )
time
o Allowable
Excitation Moment of Max. ;
10V ) Operation 0.1~1Im/s
Voltage Inertia 20gecm?2
speed
Protection Protection Protection
P67 P56 P67
Class Class Class
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Fig. 2.4 Umbilical winch
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357} 7H53t =5 Fig, 2504 RoF+= 1
b BE2¥e #9 ZHE AdsAn:

e Hl
\-.._ sizes 28..200
08 =
[
i
506
:}::n
F o zes 250..1000}]
=
£
3 02
- \
[+ R
&
[ o e,
02 _04 .06 08 10/ 12 14 18
N { Nipay

Fig. 2.5 Permitted displacement in relational speed
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nw o A&7 ZAEE

TUEE 9] ARE 9 H

Table 2.63} Zo] Z}% dHolHES A &3tH ¢ EE+E 108cc/rev 271
7} BQasHA "ot o]e) o] 2(2.2), 2(2.3)5<
719] AboFS Table 2.7 o] YEbE 4 Qth

o

1g3te] Aueld A

Table 2.6 Parameter of Hydraulic motor

Weight of ROV & TMS (W) 10 Ton
Outside Diameter of Umbilical Cable (D) 1732.8 mm
Mechanical Efficiency of Hydraulic Motor (7 m) 0.9
Mechanical Efficiency of reducer (7 w) 0.9
Max. Working Pressure (AP) 230 kg/cm2

Table 2.7 Data of Umbilical Winch

Drum Flange Diameter 2200 mm
Umbilical Layer 11 Layer
Weight 19000 kg
Hydraulic Motor 108 cclrev X Z2ea
Max. Working Pressure 230 kg/cm2
—- 15 —
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2.2.1.3 Hydraulic Power Unit A2 A

Hydraulic Tank

| Hydraulic Pump| | Electric Motor

Fig. 2.6 Hydraulic Power Unit

HPU(Hydraulic Power Unit)x= ROV LARSe] A x FHo] HAstr]o A
Aol &oldt=& Fig. 2.6% o] FHESA HAsSIATE. =3 Control
Panel& HPU Z#lo] RAFomN 94 A3 44 By S 2

T 183t¥ o, Redundancy /MES =98t 3 MY A7|=EY §9+
H=z7 34 b= g2 3 M2 284S & F JAEE HAA.
TS AR AAIZE ROVE &8|2 W oF 3F7] wjEol o= <ls 4 %
A Fol7] fsto dlg ¥zA71E A3 3k
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Hydraulic Pump Unite] Alo]Z2E ZAASI= 42 4243} 2o

Q"L >< N >< N
Qp = W (2.4)

em

o 7] A,
Qn : FY=E Do F%F (cm’frev)

Nem : ;1(17] E’—Ei-o’] 7
nv o THEEY AF 82§

7D c RPEZ F Ag

212.DNA AAHARe} Zo] fFUEEE 108 cclrev 27) A 8319 11,

d 3Age AA 244 aF7HAAR A £25 957 98 A
2 Aol HuFH HAA TS st vﬂoﬂ AAE As vl =
£% 7.Irpmes AE§ st¥er, 7] EHe 45 oA o FEske A
speed 1760rpme A -&3HAH F4 =ZH B O‘?J Hxol 882 77 0
0.922 # g3l HEHo7 F9F FEZE= 135ccrev 27| 2= A7 Z2H

AT

Collection @ kmou



HPUS] W7 =B §3< Adets 4& 2257 2o,

AP
_ X QP (IIL (25)

L = = mx600

7] A,
AP : Differential pressure in bar (kg/cm?)

Qr : Hydraulic pump Flow (cc/rev)
Nem : Electric Motor revolution per minute (rpm)

nlh : Efficiency of Electric motor

Electric motore] Ape]=2E ZAA3s}7] #3814 Table 2.8914 EFHATH
AHEE S 230 kg/cm2 o] PR REF st om, AQ4HNA AFHE nut
9} zo] PumpE 135cc/rev 27) AR&sted 7] 2 (2.5 o] A4kstH
104kw Electric Motor 2707} B8 StAl |t} olef o] 47| 423 2
(2.4), 2)(2.5)8 ©]&3}o] Hydraulic Power Unit] AFoFS Table 2.83 29|

A 3T
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Table 2.8 Data of Hydraulic Power Unit

Max. System Pressure

280 kg/cm2

Hydraulic Pump

135cc/rev X 2ea

Max. Oil Flow 480 L/min
Weight 6500 kg
Electric Motor 104kw X 2ea
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2.2.2 Overhead Telescopic Boom 437

/ _ Hydraulic Cylinder |

[ Docking Head |« (&

Fig. 2.7 Overhead Telescopic Boom

Overhead Telescopic Boom< Fig. 2.73% #o] Main Boom, Telescopic
Boom, Hydraulic Cylinder, Docking Head® A 4 Part= uyHt} HA
Main Boom-2 Trolley2} &4 FAd0] Hof Adule] HXEHo Q= Guide
Rails w2} 2Y & AAE AA o] At} Telescopic Boom-2 Boom
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Telescopic boome] ROVE mi@ 1 A st=d Mg FA40 w3 83

FE7F =% boome AAGA o™ 2](2.6)7 o] boom sizeE ZAA 3}
AT
o, 2 Sy X¥Xa, (2.6)
St @ EHAF (5¢=2)
¥ : ROV LARS 53}% A<
p : Telescopic T2 Al w3 EHE
oA714 FaF A vE o 4 QD3 2o
T=1+ Vy+ & 2.7

C: &3 A AA 9 7133td 4 Al (kN/m)
g =9 7}4:5(9.81 m/s)

Ve A 3F3 T3 Abolol A% =(mls)

Al £ @S 21285 mET
Ve =05 V, + Vit V?
05 Vi< Vi Dl = Vy+ 3/ Vi + V2

Vg =01 (Hg,,+1)

V,=18+03- (H,, —3)

Vi = Vi + V2 V2 (2.8)
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o 7] A,
Vi B4 £%S 5o 287] A Ho A &=
Vi ROVE E9]g8& &3t Aute 3ty &=
Vi ROV X3 A2 0 799 &£x9 A Ao &£x9] zo]
Vi & 9 5A AR Q7 HAE 3 £5

Al Aol A ALEE= data S A7) A7), 22.8)d] ALstH ROV

LARSo| #-¢¥ = Dynamic Factor g& thS-3} ko] Hrt},

Vy =01- (H,,+1)=01- (4+1) =05

sign

V; =1.8+03 (Hg,—3)=18+03 (4-3)=21

1 1

Vf:E k- Hg,, =5 b 4=33
DWT 10000

(k= 5.5— 50000 92— 20000—5)

Vi =05+ v2.1°+3.32 =4.4 (m/s)

_ c 6
=14 Vy+ 4 g — LT ,/88.3X9.81 =23

( C: 76KN/m , W=9000kg=88.3KN/m )

Docking Head: 4 75 R§8lo] ROV7E o= WaolA 8455
T Adze 2@ g £ Je FHE Hxo] estEE Slewing

Bearing¥} Slewing Gear UnitE Fig. 2.9¢} Zo] H-&31% T
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- Slewing Gear Unit

Slewing Bearing|

Fig. 2.9 Slewing Bearing & Slewing Gear Unit

e

T ROVZF Docking Headell &2 & = ROV 548 ¢43}3t7] ¢
&l Bumperg AX|3t 1, ROVZE EE2& AS WASH7] 23] 3 pointoll
Latch System& Z83}o} Latche] 2% Cylinderg o]&3le] ROVE <

ZA e IS =S Fig 2103 o] AA s

mlo

Fig. 2.10 Bumper & Latch
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Fig. 3.1 Three-Dimensional Finite-Element Model of Winch drum
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Fig. 3.2 Mesh of Winch drum

stsx72 Fig. 3.3914 HRlE viel Zo] AFH, Bri&x, Cuks, D

£d &=, BEAFsts, FGad oz dAsain.

B: Static Structural
Static Structural
Time: 1. s

E Standard Earth Gravity: 9808.6 mm/s®
Acceleration: 4382.7 mm/s®

. Wariable Load: Hydrostatic Pressure
[D] Rotational Welocity: 0.85 rad/s

B Force: 93100 N

[E] Frictionless Support

[B) Fixed Support

Fig. 3.3 Setting of Load Condition
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A7l =59 Fx3Y A= Fig 34.014 Hole npel o] Al &
g ¢F 6.1 MPac] =5 AAd BAZ e Jetun, HFgHS °F 0.5-1
MPag =o|t}, Ho) WS Fig. 3.5.9 Zo] FHy gulgd Aol ¥
A Sl &l oF 0.02 mmE FAFA shde] LAy

B: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

6.0836 Max
34077

47317

40358

33798

27030

2028

1352

067607
0.00013291 Min

Fig. 3.4 Structural analysis result of winch drum (Total Equivalent Stress)

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: rmm

Tirne: 1

0.017663 Max
0015701
0.013738
0011773
—{ 0.0008128

- 0.0078503
00058877
4 0.0039251
0.0019626
0 Min

Fig. 3.5 Structural analysis result of winch drum (Total Deformation)
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SA Y3 =9 FxAH AHRE HECE HA FEREC i A
gketstr] 93l, wW4l= Fig. 3.6.2F #°] Hex Dominant, Mapped Mesh

[e)
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=
(LA
[e)
/‘Kjl‘é‘

5 2 EdWE Yud by AgF WHE BRshsich
Fig. 3.7.9 o] sidde) 5 o sigsts =Uo= 919 FUA}A )

S5,

Fig. 3.7 Load Condition of Umbilical Winch(with Level wind)
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Tz314 A3 Fig 3.8. (@< 2ol Ho &3 <F 32.6 MPao] sl Z g
d A YElUH, 4 S8 oF 3.6 MPa AEZE 4 H AT
Ho HPFLS Fig 3.8. (DollA Hole niel o] T8I AlEd Aol

Ao 9a] ¢F 1.3mm AEE YEFH Level Wind 9ol 24 3o},

R=N
=

32.617 Max
28.003
25.360
21745
1812
14496
10,872
7.2482
36242

(a) Total Deformation (b) Total Equivalent Stress

Fig. 3.8 Structural analysis result of Umbilical Winch with Level wind
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Al 2=8le] 79 ROV winch, Snubber motor, Level

wind 5o& FAHGOH, FHAI~Re R XS HeiA T
zt At¥& Table 3.2¢9F o] ZAbstTh

A Z dF7Y F4 Al=" md gy s)A& Fig 3.9 ¢ Fig 3.103%

ol FPA 2" Ag A AZEY oI Simulation XE o]-&3te] 33}

R, B AFoeE 2PY 7 F stuel Spec. Base Modeling® 2 4

[ SimulationX Professional Edition - SimpleSynchronizerCANTestRiz. ism

File Edit Wiew Insert Elements Simulation  Analysis Extras  window  Help
DE-HS 4B x| - | 2 E U
\/\DC]OQGMEQE'&?'&' ’.’éTranslant =@ 3
= L -y — =1 e - o T
Library Bar _ 2 X | [FF]SimpleSynchronizerTestRig (SimpleSynchronizerCANTestRig.ism) ] X
o Z 04 =
@ [ SignalBlocks fe; [ B
EJ [ General
@ [ Mechanics
2] [ PowerTransmission ‘
Fi} [ PowerTransmissionMBs
EJ [ Electricity
- [ ElectroMech
@ [ Magretics shiftForce
E} [ Preumatics
- [ Hydraulics contact_Sleeve_ Syr‘lchmnlzerBUdy
- [ ThermoFluidics 8% sccyehl
- [l ExternalTypes w idlerGear
E!_ [ Thermics 3 art S0 a2 a1 S04 a2 m:n_n cirfr cirt () cir2
= ’-"'lj HiLIntetfaces ' 5
! 'd dsPacE Flywhes! schrnnizerEod ﬂ""
= mmgDi54302
H 0|5
[i=] cancantrolier = Parameters | Results | General | 4k
@ CANRE | Modellexplorer
m CANTS i VlidlerGear Eoard Type boardType: | DS4302 v|
: Fixing EBoard Number boardho: | 1 V|
o ~am stopSleeve
D54302 : £l P Cortroller Mumber  controllerhio: | 1 vi
4 {B Flywheel Transceiver Type transceiverType: | 15011898 v|
- ZHp borgWarnerSin T
| canmy Baud Rate baudr.ate: ESUUUUU i | bit/s "|
Camment: DS4302 CAN Interface Board =] CAnCTRL Tetmination Resistance termination: | on (120 Ohm) vl
Ident: HiLIntetfaces. dSPACE.DS4302 'C " T 1 e
Version: 1.0 omponents | AR TvPes § g & e

Fig. 3.9 Hydraulic System Modeling 1 of Umbilical Winch
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Fig. 3.10 Hydraulic System Modeling 2 of Umbilical Winch

Table. 3.2 Spec of Hydraulic System each Part

Type Schraubensbmessung(min}) d, ¢, t Anzugsdrehmoment inNm
CAMEansion of ScTews (ming Torgue of SCrews i Mm
PELLDNE. 4% MExdD - 3.8 BE 105 BB g
Accumulator rF‘KHC!NﬂJ Jax maesn-as 84 135 BF 21
operating PRI TS ©x MEWED - 109 84 135 7 ]
PKH-DN2D  6x M10XBO - 10.8 105 165 105 &0
valve PKH-ONZE  Bx M0x30-128 105 165 105 70
PKH-DNZZ  Bx M12x110-108 13 18 12 100
PKH-OHAD 6 x MiGxiZ0- 128 185 I/ 18 300
PKH-DNSD  6x M20xi40- 108 M 3 E 73]
Standard Bladder Accumulator - £|CHAFS @24 210/350 Kglem (3,000/5,000 PSI)
Z z =  [Nominalsize[Gas Volum| A |B | C D ENEE ‘ Weight "éi"ra‘
(Mogslilo) Gal.| Liter IN® :L'ner mm mZmﬂ» mm |mm|PF"| Kg | I/sec
BN35010CI |0.04 0.16| 10 | 0.16 | 265 |40 39| 56 |26(%"| 2 0.45
BN350-1Pt  |0.13 0.60| 30 060 | 248 |40| 54 | 92
- i it | P
Accumulator S{BN210350:025A{025 1 | 73 | 120 | 2875 | 43| 51 | 112/114
BN21065007A |07 | 25|125| 25 | 506 | 49| 56 | 112/114
BN2103504A | 1 | 4 | 235|385 | 4075 | 67| 88 ‘162/170
I i | S
BN210/350-25A | 25 10 | 600 | 9.83 | 588 | 66|102| 217/230| 76 | 2" | 20.4/36 | 13/18
BN2103505A | 5 20 1203{1972 899 166 102| 217/230| 76 | 2* | 3258 ‘13/18
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Check point

Metrica cilindrica / Metric parallel

Codice/Ref.

S$10614X15AIC

510718G00C

S1n71RGAIC

M 10x1 37 8 17 630
M 10x1.25 37 8 17 630
M12x1.5 37 10 17 630 g
M 14x1.5 37 12 19 630 C
M14x1.5% 37 12 2 630
M16x1.5 37 12 2 630
Gas cilindrica / B.S.P. parallel
150 228G 1/8" 37 8 17 630
G 1/8" % F 2 17 @
@ G4 37 12 19 630 R
e = = = e ©
150 228 G 3/8" 37 14 2 630
150228 G 1/2" 37 15 27 630

*INOX / Stainless steel

510714G00C
S rvr e

Opzioni/Options n n

Ordering Information

Ball Type Cracking  Seals Body Port
Check Valve Pressure Material  Size
Code | Cracking Pressure Code | Seals / Kit No.
Check valvel 0.0 | 0.0 Bar (0.PSI) | N | Nitrile, Buna-N / |
0.2 | 0.2 Bar (3 PSI) Std. (SK30515M-1)
I 1.0 1.DBar[15 psn | V' | Fluorocarbon /
(5K30515V-1)
1.5 | 1.5 Bar (22'PSl)
2.4 121 Bar (30 PSI) Code| Body Material
2.5 2.5 Bar (36 PSI) Dmit] Steel
3.4 | 3.4 Bar (50 PSI} A | Aluminum
4.0 | 4.0 Bar (58 PSI)
SIZE FREE FLOW DIMENSION(mm) PRESSURE
MODEL -
(PT) (L/min) A B 05 5
= HC 400 /4" 23 60 22 05, 5
HC 600 3/8" 30 65 25 05 5
HC 800 1/2" 45 83 30 05, 5
Check valve2 /2
HC 1200 3/4 100 93 38 0.5, 5
HC 1600 1" 150 17 45 05, 5
HC 2000 11/4 280 130 55 0.5, 5
HC 2400 11/2" 380 130 60 05 5
HC 3200 2" 600 160 72 05 5
Technical data for OMR with 1 in splined and 28.5 mm tapered shaft
Type omR | o | oms | owa | omr | ows | owr | ows | omr
Watoraa 5o | s | 10 | 125 | 160 | 200 | 250 | 315 | 315
Geometrc dsplacement_c S1s | s03 | w8 1257 | 1596 | 1wes | 283 | 3157 | m2s
il G161 | o | 11 | mest | 971 | 02231 | 5261 | nosa | pasor
War speed mint o | 75 [ 7 w0 [ | [ | | w0 | e
Irpm]. int" 970 940 750 600 470 375 300 240 200
oo | 195 | 200 [ 300 | 30 | 30 | 30 | 30 | 0
cont. [890] 1730] | [2120] | [2660] | [3190] | [3190] | [3190] | [3190] | [3190]
Nem | 0 |20 | 20 [0 | @0 | a0 | a0 | a0 | w0
Mec e bfin] i msal | noso | pasal | ooy | s | esor | ey | preo) | moro)
peok | itey | paoor | ot | peon | wsoor | o | isave | pssan | ssve
. o | 70 [ [ 10 [as [ 125 |00 | 0 | so | s
w a1 | nea | (741 | vss1 | s | 0341 | w4 | w7 | @7
Level wind e i R B TR BT TR T T B
e mal | pon | o | neal | nesl | n7a | n2z | nost | pa
motor ot | oo | oo | o | sor | ool | ssor | ol | o | ool
[ o | 7 |20 | ;0 [0 [mo | s | w0 | vs |
sl 25401 | 2500t | 9o | soor | mooa | seor | posol | e | st
Lo Izzzzsso] lez:m [slzzssal Bzzzssm [slzzssal [3211;1 [;;uﬂ] ll‘vsauu] n‘s?o!
w | o |0 |« |0« o oo
Vmin oot nos] ns9] | Ds9] | sl | Ds9] | Dsg] nss] ns9] | nssl
Mmoo Wsgalmin] o | s | s | s | 55| % 7 s | 7
L n32] 93] 98] | n9s] | o8l 98] 98] 98] 98]
Max. starting pressure bar 10 0 0 9 ¥ 5 5 5 5
with unloaded shaft Ipsil Nas] [145] [145] N130] [100] 751 751 1751 1751
atmecpresdopeort | @ | 150 | 200 | 250 | 300 | 30 | 20 | 315 | 30
Nem [lbfein] [710] | [1330] | [1770] | [2210] | [2660] | [2660] | [2570] | [2790] | [2660]
Wi g at max. pressdrop int.” 100 170 230 280 350 400 400 400 380
Nem [lbfein] [8%0] | [1510] | [2040] | [2480] | [3100] | [3540] | [3540] | [3540] | [3360]
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Proportional
control valve

eve| — [ | |

‘ Code ‘ Description
‘ Ccva ‘ Control valve group ‘
Code Description
= 3 CVG30
5 CVG50
6 CVGe0
Code ‘ Description }

- BI ‘ Number of control sections ‘

—> PR10-36__- -

Adjustment Option

1/4 in. Hex Allen Head A
1-1/2 in. Dia. Alum. Knob B

Option A w/Cover Cap C
Factory Preset Non-Adj. F

Factory Preset Hidden

Adjust. See|page 6.003.1] H

Setting in bar"

(Blank) for Adjustable, or
Specify, for example:
r

—> M25  25ba

M100 100 bar

(®lank) for Adjustable, or

Reducmg Option C Specify, for example:
wiLockwire Holes L 9.0 900 psi
valve 235 2350 psi
Porting
Cartridge Only 0 <— Spring Range
SAEG 6T 4 6910276 bar
DO 0 SAEB 8T 100 to 400 psi)
y g —> 15 10.3t0 103 bar
EeR ;;g v ggg. §: (150 to 1500 psi)
s Seals 30 27.610207 bar
UK MirOniy Buna N (Std.) N <— (400 to 3000 psi)
Fluorocarbon V  'Adjustable valves will be preset to
approx. 50% of spring max. potential
@ Madel Code IDR™_—-P=3W - 40 S
=)
1=

Relief valve

e ©

Function ort Size - Bodied Valves Only

> 1DR30- Cartridge only

port size Housing Number

Seal Material
trile (for use with most

1DR35 - Cartridge and body

Aluminium Steel

industrial hydraulic oils)

Cartridge only

SV - Viton' (for high tempera-
ture and most special

0

> P- Leakproof screw adjustment

w 1/4" BSP A1485

fluid applications)

R-Handknob adjustment 3w 3/8" BSP A1043 A14175

G- Tamperproof cap (see page -~ g1 3/8" SAE A15676 A14843

£-7 for dimensi
T ——— Sea section J for housing details.

[4] pressure Range at 10%
in

481/mi

7-100 bar (100-1450 psi)
- std setting at 70 bar

Tank (2) Note:Code based o pressre 20+ f{j‘sz“"fn'g(iﬁgx‘:f‘"
: ——> 40- 50-400 bar (725-5800 psi)
- std setting at 280 bar
DF-PWI - - -
OPTIONS BODIES
Buna Standard 00 Blank  Without Body
Viton Standard Vo N 1/4 NPTF Ports
Buna, Knob 0K S #6 SAE Ports
Viton Knob VK
Sequence Internal Adj. Buna 0l
Valve Internal Adj. Viton Vi PRESSURE RANGE
Tamper Proof Buna oT 0425 50-425 PSI
Tamper Proof Viton vT 1500 4251500 PSI

TAMPER PROOF
Fill in 4 Digit Pressure Setting
Example: 0500-500PSI
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[ \
Seal Shuttle Design Factory Threaded Valve
valve series norm, cartridge  size
direct
Sh 1 1 operated
uttle valve Code|  Seal Code]|  Size
omit NBR —_— | 06 NGos
\ FPM 10 NG10
Bold letters
Short-term availa
Technical Data for OMM with 16 mm and 5/8 in Cylindrical Shaft
Type. omm oMM omMm OMM oMM oMM
Motor Size 8 125 20 32 a0 50
Geometric displacement s a2 125 ke 210 A9 20
g [in] [050] 0771 (1221 s3] [243] 3.08]
P i’ cont 1950 1550 1000 530 500 400
2 ol it 2450 1940 1250 500 630 500
2 s
Nm ot 1951 1140] 1220 13501 400] w0
Max. torque
[ibfin] e 57 70 88
o n33] 1200 310] 1500] 1620] 17801
T8 24 24 24 22 )
KW o 124] 132] 2] 2] 139 4]
Max. output
thel e 26 32 32 32 32
Z 5] 3 3] 431 3] 3]
S bb -t 100 7 100 100 50 70
nu eI’ Iotor ik n14s0] [1450] [1450] 1450] 01310 11020]
M. dr bar i 140 140 140 140 140 140
lax. pressure drop Iosil - [2030] [2030] [2030] 12030] [2030] [2030]
& 160 160 160
i [2900] [2900] [2900] 12320] [2320] 12320]
= 16 ) £ 20 20 20
., yimin 2] 1531 31 531 53l 53]
[USgal/min] 20 25 25 25 25 25
" 53] 65] ) 551 5] 551
Max starting pressurewith | bar s s 3 N a “
unloaded shaft osil. c) 0] 60 0] 501 501
atmax. press. drop cont. 7 12 n 34 38 41
- N fbfin] te01 nos] nss] [300] 1335) 3651
" R atmax. press.drop int.” 10 147 29 48 62 79
N Jofan) 501 0] 1255] 425] [550] 700
Min. speed™ i 50 40 30 30 30 30
L LTI LT LTS
L, J
\ \ T \ \ \
Thread  Press.  Design Thread  Steel Clamping  Seal Design
- type cocn;ﬁir"[)tl’w size body screw Geting
W vaive (not required
for ordering)
[omit [ NPTF [omit |
> [ [ Berp
Throttle valve o D ot G o
Without check Hexagon
omit | vaive omit| " socket
With check With knurled
=l valve E lnob
T | Tamper-proof
Code Size
— [a00 14
600 /8
800 12
1200 34
1600 1
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3.2.3 Overhead Telescopic Boo
FxBo 2 9FL MAA @t BE 5o 2dY PR TH2A
s ¢ mEE RIS 33
ul

o2 thaldt}. Fig.3.12¢} o] H 3t
st F2E AFE AP HEIFNIL tt] Mesh+= Fig.3.1301 4 Hol=

ok 6

9} o]l =ZVIE 2~30mm=z A3}, 97 Nodee} 209702 Element®

T

Fig. 3.12 Modeling of Overhead Telescopic Boom
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Fig. 3.13 Mesh of Overhead Telescopic Boom

Fig. 3.14°| A Hol&= upek o] Huj-3-¥ oF 22 MPao] Snubber A At EA|
2ol Yetue, Ho-e82 of 2 MPaolH, ol W g2 A5 ROV 77 5

]
o ols) o 0.2 mm= AU F9lo WA Ao, WP FH ¢

< AA Fx= A7)0 Hls| Fol AAFH o= b sHH.

B: Static Structur

A

20664e-9 Min

(a) Total Equivalent Stress

o

= | I ] -L
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(b) Total Deformation

Fig. 3.14 Structural analysis result of Overhead Telescopic Boom
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3.2.4 ROV LARS ¢ a4

ROV LARS®| ¢t Alzdle] =8 FAF 24¥ 3l AS5S A8kt

Fig. 3.15¢} #o] Hydraulic Joystick& #%7] &
5 24, 398 ¢EAE 53 YRE AEE WS AFEA, 9

~E23 9 94Y B4 & 24 S

)

[bar] |— general_hydraulic_chamber_3 - pressure at port 1 [bar] |
g
8
74
5
5
4
3]
2
1
T — 3 % I

i ramp_1 - ramp output [null]

10 —

&)
= ® L
[bar] —— general_hydraulic_chamber_5 - pressure at port 1 [bar] | ’ @ X

s T T T T T

X ramp_2 - ramp output [null]

Fig. 3.15 Modeling and Verification of Hydraulic Joystick
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Brake Release 3|2+ AY7] Z&A AL719 37 B olaE A
E 715224 Fig. 3163 o] ZH T% =2 ¢Ho #gste] 2Es)
T ¢telo] 15bar o] W] Byola fAHLS ol &Y

&

®

15bar '{--

Front # = @
Fig. 3.16 Modeling and Verification of Brake Release

Load Control Valve= REH<| #3]z-s ®#x|s}r] 9|3 Bezdg WH
ZA Fig. 3.17% Zo] Y7ol EE 2do) w3 FeUdd A HASH
a1 Free flowe] 3 % &g EAo| me}t nixtz4d 7535t S &<l

ST
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250bar

50bar

Fig. 3.17 Modeling and Verification of Load Control Valve

Proportional Control Valve Ab&#}o] A& AlFo] w3 F3FS A2H
of FEE 7 A=E 7Y WHoth Aol FHA oY 2ES TH|
skl ol UALE o] 88t xaxgd¥g xS, MHO fFo] AT
T AEE FAE Aot Wy Ftgd2 0] Yelhy e 2F] dHAHF
E4< d9gsta BB E FASkE B, dejz WE TS5 AR Bt
A =2d9 skt
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Fig. 3.18 Modeling of Proportional Control Valve

Fig. 3.190] Yepd nie} Zo] AEH|HE T3l

Proportional Control
Valvei= Hydraulic Joystick o2 HE 8= gzl =€ se] me} v

Aile fEe EESe AL AAT 5 Atk = FAAIHY 2z

ge 2AY wet EF F3o] hAsE Ze ABdClES B

T AR

=

m,d
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Flora
Compensaicd boli 6.5 lums
00 G turns
GO0 4 turns
= 2 turns
400
o

- /
i i
104

a

L] 100 200 300 400 800 8O0 VDD BOO
Curran [mal

(a) Variation of flow rate due to spring force
variation of Compacter

EEEER Y]

(b) Simulation results of flow characteristics in proportion to flow rate change
joystick operation according to spring force

Fig. 3.19 Simulation results of Proportional Control Valve
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Fig. 3.202 Proportional valve %o gk =S yepdt
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