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1 Overview

Thismanud details the operation and maintenance of the Thales AUV Launch and Recovery
Sysgem (LRS). This manua provides an overview of the mgjor componentsin the system and
recommended procedures for launching and recovering the AUV (Autonomous Underwater
Vehicle). It dso providesinformation on ingdling and maintaining the equipment.

The information provided in this manud isin no way intended to take the place of good and
prudent seamanship in the operation of shipboard equipment and the AUV team may well refine
these procedures.

For more detailed information on the operation and maintenance of the HIAB craneand CT
winch, the reader should refer to the user manuals for these components.

1.1 Introduction

This overview section provides a brief description of the mgjor LRS components. Please refer
to subsequent sections of this manual for detailed descriptions of the equipment and procedures.

1.2 Purpose of Equipment

The LRS (Figure 1-01) is designed to safely deploy and recover the AUV at up to 7.8 meters
(25.6ft) reach, measured from the crane post to the center of the AUV, from vessels of
opportunity in up to Sea State 5 (Beaufort 6) conditions. The LRS is comprised of acrane,
congtant tenson winch, cagpture mechanism, hydraulic power unit, towing boom, portable
control console, line attachment hardware, and an | SO base for storage and transport. The
towing boom is positioned gpproximately 6-10m (20-33ft) forward of the crane and extends
goproximately 6.1m (20ft) over the ship’'sSde. It is beneficid to locate the boom as close to the
ship’'s Sde as possible to have maximum boom extenson and awide target for the AUV tow
hook.

The LRS incorporates a basic concept used for the handling of payloads at seg; thet is, the
moation of the payload is brought into phase with that of the ship during transfer to and from the
ar-seainterface.
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Figure1-01 - ThalesAUV LRS

1.3 Description of Operations

NOTE: Thefollowingisa brief description of launch and recovery operations. Please
refer to Section 4 for a detailed description of operational procedures.

The LRSissmplein concept. It employs atwo-point attachment system (tow line and winch
cable) and a crane mounted capture mechanism for launch and recovery. During hoisting to and
from the capture mechanism, the tow line is tensioned to substantialy reduce the AUV’s
pendulum mation. The tow line and winch cables are both attached to the AUV using latching
hardware and do not require a person in the water.

1.3.1 Recovery of AUV

When the AUV surfaces it should be operated a maximum speed and a congtant heading of
approximatdly 15° off a head seawith alee created for the vehicle. Vessal speed is reduced to
1-2 knots above the AUV’ s speed. The vessdl makes a pass by the AUV from astern while
remaining paralle to the AUV. When the LRS passes over the AUV thetow lineislowered and
then guided over the body of the AUV until it is captured in the tow hook located at the AUV’ s
nose. The AUV is put under tow.

The crane is then positioned at its maximum outreach in the outboard position and the crane
hook islowered. A guide line, atached to the crane hook, isled to the throat of the AUV lifting
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hook using the AUV hull as a guide. Once this connection is made the crane hook islowered
with line handler taking up the dack in the guide line until the crane hook is engaged with the
AUV lifting hook. As soon as the hook is engaged the winch is put into constant tension mode.
In thismode, cableis paid out and hauled in under congtant tension as the AUV moves
verticdly relative to the mother ship and the crane.

Once the crane hook is attached to the AUV, the crane is positioned directly over the AUV and
hoisting commences. During hoidting, sufficient tenson is goplied to the tow line to sgnificantly
reduce pendulum motion. Hoigting continues until the AUV is secured to the capture saddle. To
prevent the possibility of over-hoisting, alimit switch cuts power to the winch when the AUV is
in the correct pogition in the capture saddle. At this point, a latching system locksthe AUV to
the capture mechaniam.

Recovery procedures are illustrated in Section 4.6.1.

1.3.1.1 Recovery of a Dead or Disabled AUV

Recovery methods are smilar whether the AUV is dead in the water or underway at a constant
heading. A dead vehicle may be a a heading that is not consstent with the optimum heading for
recovery. If thisis the case, once the AUV is under tow the mother ship can ater its heading as
required.

For further information on procedures for recovering adead or disabled AUV refer to Section
4.6.

1.3.2 Launch of AUV

The method of launching the AUV isvirtualy the reverse of the recovery procedure except
ampler. With the vessdl underway the AUV is lowered into the water and put under tow. The
crane hook (which is attached in the reverse position) is released by pulling the guide line. The
tow line, which is attached to AUV with a quick release sngp shackle, is then released.

The launch procedures areillustrated in Section 4.5.1.

A detailed outline of launch and recovery proceduresisincluded in Section 4.

Brooke Ocean Technology Ltd. 3



Thales AUV Launch and Recovery System - Operation and Maintenance Manual

2 Equipment Description

2.1 Introduction

This section provides a detailed description of the various componentsin the AUV LRS. It
includes specifications, a description of the controls and references to manufacturer information.

As noted in the overview section, the mgjor components of the AUV LRS arel
Crane
Congtant Tenson (CT) Winch
Capture Mechanism
Hydraulic Power Unit (HPU)
Towing Boom
Launch/Redlease Tow Line Assembly
Crane Hook Assembly
AUV Lifting Hook, Towing Hook, and Retraction System
Portable Control Console
1SO Skid

The LRS s capable of deployment and recovery of the AUV a areach (measured from the
center of the crane post to center of the AUV) of 7.8 metersin sea tate 5 conditions. Note: the
LRSisdesgned to operate a amaximum vessd roll of + 15°. The recommended heading for
launch and recovery of the AUV isabout 15° into a head seawith alee created for the AUV.

2.1.1 AUV Madifications
The following modifications have been made to the AUV to provide an interface to the LRS:

Instalation of atow hook assembly a the AUV’ s nose and allifting hook assembly at the
AUV'’s center of gravity.

Ingtdlation of a passive retraction/deployment system for the hooks.

AUV specifications areincluded in Table 1. Aniilludtration of the AUV with LRS hardware is
shown in Figure 2-01.

Table 1 - AUV Specifications

Brooke Ocean Technology Ltd. 4



Thales AUV Launch and Recovery System - Operation and Maintenance Manual

Length 39m (152in)
Weight — Dry 547 kg (12051b.)
Weight — Flooded 743 kg (1637 1b.)
Maximum Body Diameter 053m (21in.)
Center of Gravity, inair 148 m (58.27in.)
(measured from the tip of nose)

Figure 2-01 —Mockup AUV With LRS Hooks

2.2 AUV LRS Components

2.2.1 Crane

The craneis aHiab 200 Knuckle Boom Sea Crane with a double extension, telescoping boom,
weighing 2700kg The crane structure is of box-section design and uses sdf-guiding hexagond
extensons that provide a maximum reach of 7.8m. The crane has alifting capacity of 2550kg
(5622lbs) at areach of 7.8m. When stowed the crane dimensions are 2.46 x 0.82 x 2.3 meters.

The base of the Sea Crane has three feet which ensure correct support even if the foundation is
not quite even, and can be adapted for deck ingtallation. Six M30 threaded rods that are
supplied with the crane must be used in each corner of the base to secure the crane to the
foundation. The length of the threaded rod alows for afoundation plate (maximum thickness of
50mm) to be used.

A cable tenson detector switch, mounted on the crane and further described in Section 2.2.2.1
is used to prevent the winch from being placed in CT mode when thereis load on the winch.
This safety feature prevents the accidental dropping of the AUV. The craneisinterlocked to
stop the boom from extending beyond its recovery position and increasing the tenson in the
winch cable when the AUV isfully captured.

Boom, hoist and dewing operations are hydraulic, with hydraulic power provided from asingle
pump. Detailed descriptions of the standard crane functions are documented in Hiab 200 Sea
Crane Operator’'s Manual included as Appendix I. Section 2.2.1.1 describes the crane
modifications that were made to accommodate the LRS.

Brooke Ocean Technology Ltd. 5



Thales AUV Launch and Recovery System - Operation and Maintenance Manual

2.2.1.1 Maoaodificationsto Crane

The following modifications, illustrated in Figure 2-02, were made to the crane to permit
integration with the AUV LRS

Installed a sheave on the outer boom of the crane.
Ingtdled an intermediate sheave.
Installed atension switch to detect dack cable on the outer boom of the crane.

Ingtdled the cgpture mechanism by means of an attachment fitting pinned to the end of the
outer boom extension.

Installed awinch mounting base to the crane post to accommodate the CT winch.

Routed hydraulic lines and eectrica cables to the end of the outer boom, by means of a cat
track (Igus energy chain), to interface with the capture mechanism. The cat track isaflexible
trombone-type mechanism that follows the motions of the crane and is used to protect the
hoses and cables as the crane moves.

Routed crane hydraulic hoses through crane post.
Added a bulkhead with quick disconnect hydraulic fittings and eectrica connectors.
Ingtdled light.

Instaled crane interlocks to prevent the crane and winch from applying excessve tension to
the winch cable when the crane hook isin the fully captured position.

~ ATTACHMENT FITTING A CAT TRACK CT WINCH
I

)}:
%

TEMSION SWITCH SYSTEM —

]

{
INTERMEDIATE [ |
" CAPTURE MECHANISM SHEAVE — |

FLOODLIGHT —

Figure 2-02 — Crane M odifications
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2.2.2 Congant Tenson (CT) Winch

The CT winch (Allied Systems Company, Mode #CT-5), shown in Figure 2-03, is a planetary
gear hydraulic winch with specidized hydraulic controls alowing it to operate with congtant
cable tenson when the AUV isin the water, hauling in and paying out cable asrequired. The
CT winch is mounted on the crane post and is used to hoist/lower the AUV between the
capture saddle and water.

The winch brake is soring applied/hydraulicdly reeased and is equipped with an integrd one-
way roller clutch. The one-way roller clutch freewhed s in the up direction, but prevents the shaft
from rotating in the down direction unless the brake is released by hydraulic pressure from
“WINCH DN” sdection. Theline pull of the CT winch, when controlled by the joystick and
placed in constant tension mode is between 222-1334N (50-3001bf) and the line speed is
34m/s (675ft/min). The nomind line pull of the CT winch in norma mode is 9.8KN (2200 |b.)
and the line speed is 0.41-0.51m/s (80-100ft/min).

The winch is further described in the “ Technical Manud, CT-5 Winch Package SN 2014”
found in Appendix I1.

CABLE ANCHOR

CABLE DRUM

DOUBLE PLANETARY

GEAR REDUCER CONSTANT

TENSION
HYDRAULIC
MOTOR

LOAD
HYDRAULIC

CONSTANT
TENSION
CLUTCHES

MAIN WINCH SPRING
BRAKE BRAKE

Figure 2-03—-CT Winch

2.2.2.1 Tension Detector Switch System

The CT winch uses aline tension detector switch system to prevent the winch from being placed
in congtant tenson mode when there is aload on the winch. Thisis a safety feature to prevent
the accidenta dropping of the AUV. The tension switch system (Figure 2-04) conssts of a
roller on the end of a spring-loaded arm and a proximity switch. When thereistension in the
CT winch cable, the arm is deflected from the rest position and disables the proximity switch.
This prevents the CT winch from being placed in CT mode. When thereis no tenson in the
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cable the soring-loaded arm returns to its rest pogition energizing the proximity switch, alowing
the winch to be put in congtant tenson mode.

Iz

LEGEND
1. BASE 6. ROLLER
2. ARM 7. WASHER
3. ROD 8 NUT
4. ROD 9. PROXIMITY
5. SPRING SWITCH

Figure 2-04 — Tension Switch System

The congtant tenson mode can only be engaged after depressing the“*CONSTANT
TENSION SELECT” push button when a dack cable occurs as the load rests on the water
(during recovery) or by sdecting constant tenson mode while there is no load on the cable.

2.2.2.2 CT Winch Mounting Base

A mounting base isingtdled on the crane post and is used to secure the CT winch on the crane.
The CT winch bolts to the mounting base with four 34L0UNC bolts.

2.2.3 Capture Mechanism

The capture mechanism assembly (Figure 2-05) is a pivoting structure that is bolted to an
attachment fitting a the end of the crane outer boom. This assembly acts as a sheave for the
hoisting cable, and a capture device to lock the AUV to the crane and restrain its motion. The
capture mechanism is equipped with aset of caliper brakes that dampens the motion of the
AUV when it is captured. A rotator assembly is used to rotate the AUV and alatching
mechanism locks the crane hook into place so that the system does not depend on cable tenson
to hold the AUV securely againgt the capture saddle.
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Figure 2-05 — Capture M echanism With Attachment Fitting

2.2.3.1 Capture Mechanism Braking System

The capture mechaniam braking system congsts of two hydraulicaly applied proportiona
caliper brakes which operate on a partid disk at right anglesto each other. When the brakes
are released the capture mechanism is free to rotate about the horizonta axes, following any
loads suspended from it. When the brakes are gpplied, motions about both axes is dowed
down or stopped. The brake is normaly applied once the AUV has been captured. The amount
of brake force can be adjusted to suit the needs of the user and/or system.

2.2.3.2 Rotator Assembly

The rotator assembly congsts of alarge externd gear/bearing system driven by apinion. The
pinionisin turn keyed to adrive stack congisting of a hydraulic motor and a soring
goplied/hydraulicaly released brake. The rotator system is controlled through a proportional
control solenoid valve wired to a paddle switch on the control console. Due to the limitation of
the hydraulic hoses continuous rotation of the assembly is prevented through the use of a
mechanica stop.

The rotator assembly is interlocked to the tension detector switch and the maximum hoist limit
switch to prevent rotation when the cable is under tension. If the capture mechanism isrotating
and the tension detector switch istripped the rotator will stop its rotation. To restart the rotator
the winch cable mugt be dack. Rotation is dso prohibited when the maximum hoigt limit switch
istripped. Both of these switches can be overridden by depressing the interlock override button
located on the control console. Using the interlock override is not recommended unless the

Brooke Ocean Technology Ltd. 9



Thales AUV Launch and Recovery System - Operation and Maintenance Manual

system is being tested or in an emergency. The rotator must be at 90° to the crane during
hoisting and lowering of the AUV to ensure cable is properly reeved.

2.2.3.3 Latching Mechanism

The latching mechanism conssts of a spring loaded, hydraulically released latch that
automaicaly engages with afitting integrd to the winch cable swive termination. This
mechanism is attached to the cgpture mechanism and incorporates guide bushings to ensure the
winch cable is centered relative to the latch.

Two limit switches are mounted on the latching mechanism. One switch detects when the crane
swive has been hoisted far enough above the laich plates to a postion that alows the laich
assembly to open. When in this position the “PRESS TO OPEN LATCH WHEN LIT”
indicator on the control console should light. Thislimit switch also prevents over hoigting by
inhibiting any crane or winch function that would cause the crane swive to be raised further into
the latching mechanism. The second limit switch indicates thet the latch is completely open and
that it is safe to lower the crane swive pagt the latch. It turns on the indicator light, “LATCH
OPEN", on the control console.

Hydraulic lines and dectrica cables used to power latching mechanism functions are reeved to
the latching mechanism through a cat track (trombone mechanism) attached to the crane. The
hydraulic lines are terminated &t the crane end with quick disconnect fittings and two eectrical
cables (one for each limit switch) are terminated with waterproof connectors for ease of
attachment to the capture mechanism.

NOTE: The“PRESSTO OPEN LATCH WHEN LIT” indicator will light when the
swivel insdethe latching mechanism islifted off the latch platesfar enough to trip the
limit switch. It isonly necessary to pressthisbutton when thereisaneed for the crane
swivel to belowered below the latch plates.

Figure 2-06 shows the latch plates in the open and closed positions.

- ——

Figure 2-06 — L atch Plates Open and Closed

Brooke Ocean Technology Ltd. 10



Thales AUV Launch and Recovery System - Operation and Maintenance Manual

2.2.34 Capture Saddle

The capture saddle (Figure 2-05) congsts of an duminum frame bolted to the rotator assembly
and a series of bumpers. It servesto guide and restrain the AUV asit isbeing captured. The
capture saddle may be rotated £170° by the rotator, dlowing the AUV to be positioned in a
variety of horizonta orientations relative to the crane base. The capture saddle islined with
bumpers at dl points where the AUV may contact the structure.

2.2.3.5 Capture Mechanism Attachment Fitting

The capture mechaniam (see Section 2.2.3) is bolted to a sted attachment fitting which dides
into the end of the outer boom and is held in place with one pin. Thisfitting is constructed of
50WT gructurd sted and the attachment fitting with cgpture mechanism is easilly removed from
the crane for storage.

The atachment fitting is equipped with a removable extension used to position the tow line as
far as possible away from the vessd during the tow line attachment phase of recovery. The tow
lineis connected to the extenson with a bresk-away link that is overcome by gpplying tension.

2.24 Hydraulic Power Unit (HPU)

The HPU is a stand-alone unit mounted on a base that bolts to the 1SO skid. The HPU
incorporates an open loop system that powers the winch, crane, rotator, capture mechanism
brakes, and latch release. The HPU assembly is shown in Figure 2-07.

IN TANK
RETURN LINE
FILTER

FILLER RESERVOIR

BREATHER
; / POWER BOX

TEMP /LEVEL
GUAGE

oL
HEATER
CRANE CONTROL BOX
CONTROL
VALVE ki ki ki ki ki
N 2t —= |_— PITCH/ROLL
.‘fl_ _.‘ o 1 LATCH
oo .'Iil- ey 1 BRAKE
VALVE

MOTOR
I | : L — PUMP
b\ ' /

Figure 2-07 — HPU Assembly
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A closed center (Danfoss) directiond control valve controls the crane, winch, and rotator. The
control vave has seven ectrically operated sections, six of which can be manually operated,
one for each of the following:

dew (rotation around the verticd axis)

rasing and lowering the inner boom

raising and lowering the outer boom

extending and retracting the telescoping boom
contralling the crane mounted CT winch
controlling the CT winch in congtant tensgon mode
controlling the rotator

The directiona control vave aso contains a pump side module with an integrated electricd,
load-sensing, unloading vave. This normally open vave has amanud override option used in
the event of eectrica falure. When the emergency stop is pressed the vave becomes de-
energized and the system goes to standby pressure immediately. At the same time, the pump
and motor stop and pressure goes to zero.

The eectric motor powers aload sensing hydraulic pump which maintains system pressure
requirements. The load-sensing pump, with horse-power limiter set at 30HP can deliver as
much pressure, to its maximum pressure rating, asis required by any of the seven sections of the
directiond control vave. This enables the crane, winch and rotator to function (to their
maximum potential) despite increased load requirements without overloading the eectric motor.
The supply and drain of the pump are connected to the reservoir, asis the return of the
directiond vaves and drain of the crane, winch, and rotator. For further information refer to the
hydraulic schematic included as Appendix II1.

The HPU is equipped with the following:
190 liter (50 gdlon) reservoir
30 HP éectric motor
variable digplacement load sensing pump
2 electrica enclosures (power and control)
baffle plate
nylon suction strainer with 3ps bypass
pressureffiller breather rated a Sps
Cdoritech immersion hester with built in 1-pole thermogtat
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Thermd Trandfer ail-air cooler with 30ps bypass
3mm in-tank return line filter

temperature and level sght gauge

high temperature and low level switches

If the ail leve in the reservoir islow it will trigger an darm that will autometicaly shut down the
oil heater. WARNING: If the heater isnot completely immersed in oil it will burn out.

The pitch and roll brakes are controlled by two solenoid actuated, proportiona pressure
reducing valves and the latch release uses a non-proportiond directiona control vave. These
vaves are not designed to handle the HPU system pressure therefore an additiona pressure
reducing valveisintegrated to reduce the pressure to these valves to a maximum of 300ps. As
mentioned in Section 2.2.1.1, hydraulic hoses and dectrica cables for the brakes, rotator, and
latches are routed through a“ cat track” mechanism. Additiona hydraulic hoses and a control
supply for the crane and CT winch are fed through the center of the crane.

The two eectrica enclosures are mounted to the HPU frame and house a) power distribution
hardware and b) control hardware for the system. The power enclosure containsan I'T solid
date starter for the motor and controls for the motor and pump. The control enclosure includes
controls for amotor space heater and a 24V/10A DC supply. Start and stop controls for the
motor are ingtalled on the portable control console.

The HPU reservoir must remain free of contamination. To accomplish thisthe HPU has been
fitted with an in-tank return linefilter. The return linefilter is equipped with a color-coded
pressure gauge rated for 360ps and uses a 3mm betamicron filter thet deliversfine filtration to
capture dl system-generated contamination.

The HPU ail filter is szed for extended life a the nomina system flow rate. It must be pointed
out that new hydraulic fluid, direct from the manufacturer, is seldom filtered better than 40
microns and should be pumped into the reservoir through a 3-micron absolute filter.

2.25 Towing Boom

The towing boom is positioned gpproximately 6-10m (20-33ft) forward of the crane and
extends gpproximatey 6m (20ft) over the ship’ssde. It is beneficid to locate the towing boom
as close to the ship’s Side as possible to have maximum boom extension and a wide target for
the AUV tow hook.

The towing boom consigts of aking post, inner boom section, middle boom section, and outer
boom section and is equipped with a Harken one-speed winch (hand crank optiond). The three
sections of the towing boom, which can be stored on the container footprint, bolt together as
shown in Figure 2-08. When the towing boom is fully assembled the king post will not stand
vertical but will lean towards the aft end of the ship. The purposeisto counteract the pull
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exerted by the forestay when the AUV is not under tow and to give the boom more stability
with the AUV under tow.

When not in use the tow boom can be stowed by rotating the boom towards the upper deck
and securing it to the sde of the ship. The tow boom can aso be stowed by rotating the boom
aft and lifting the boom on to the deck. Thisis not the recommended position for slowing
because the boom is difficult to lift.

KING POST \

TOW LIME ﬂ\\\

f_ QUTER B00M
SECTION

T ,a’j 7
i
TOWING WIDOLE BOOM INMER BOOM ToW BOCM
SHEAVE SECTION — SECTION —/ SWIVEL ‘

O ALY

Figure 2-08 — Towing Boom

2.25.1 Towing Sheave

The cable from the winch is reeved through a towing sheave attached to the end of the boom. The
location of the towing sheave can be adjusted from the tip of the boom to the middle section of the
boom by moving the eyebalt to the preferred location along the boom. The length of the boom can
aso be shortened, in 46mm (18in) intervals, by diding the outer boom section into the middle boom
section and pinning. Adjusting the length of the boom is the preferred method of changing the
position of the towing sheave because it reduces the bending stresses that are exerted on the
boom.

2.2.5.2 Forestay

The towing boom is connected to the king post by a sted gooseneck. Thetowing load is
restricted by aforestay connected to a pad eye at the end of the boom and side of the vessd.
The forestay assembly conssts of 13mm (0.5in) diameter rope.

2.25.3 Towing Winch

The towing winch is a Harken one-speed hand winch with a removable hand crank. The winch is
mounted to the king post and acts like a capstan to give the tow boom handler more control over
the tow line. The Harken winch has aline pull of 2669N (6001bf) and is not capable of storing
rope. The tow line can be wrapped around the cleats on the king post when not in use (see Figure
2-09).
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Figure 2-09 — Towing Winch

2.2.6 Launch/Release Tow Line Assembly

The tow line assembly consists of three sections, the line handler section, the AUV capture
section, and the tow boom section. Both the line handler and tow boom sections consist of 7mm
(0.5in) rope and the AUV capture section consists of PV C covered 4.8mm (0.19in) stainless stedl
cabling. A link-weight is used to terminate these sections and act as a weight on each end of the
rope. The weight is needed to pull the rope more verticad thus giving awider span of the AUV
capture section in which the AUV can be captured. The stainless stedl link-weight is designed to
stop at the tow hook once the AUV is captured and is rated for the full strength of the tow line.

During launch operations a snap shackle is atached to the tow line between the two link-
weights and engaged with the AUV tow hook. The snap shackleis used to detach the AUV
from the tow line once launch authorization has been confirmed.

Thelaunch and recovery tow line assemblies are shown in Figures 2-10. Additiond illustrations
can be found in Section 4.5 and Section 4.6.
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Figure 2-10 — Launch and Recovery Tow Line Assemblies

2.2.7 CraneHook Assembly
The crane hook assembly (see Figure 2-11) is attached to the end of the CT winch cable. It

consgts of a swivel-mounted hook with an extended beak to accommodate a guide line. There

is aso an attachment point at the back of the hook to release the AUV during launch. The
swive is equipped with aring to present ardatively large, flat, bottom surface that Sits on the

latch plates. When insde of the latching mechanism, the underside of the ring is just above two

spring loaded (hydraulicaly released) latch plates. When the plates are closed, the hook is
lowered a short distance until the ring rests on the plates.

Figure 2-11 — Crane Hook Assembly
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2.2.8 Controls

2.2.8.1 Electrical Control System

The ship of opportunity provides 440VAC/3F power to the AUV LRS power distribution and
control system. The power distribution system provides three phase power for the HPU motor,
single phase power for DC power supply, heaters, and floodlight, and DC power for controls.
The control system incorporates a number of interlock and failsafes through aPLC
(programmable logic controller). The PLC contains the software that controls the crane and
winch operation when in remote mode. It is also used to monitor the high-temperature and low-
oil levdl darmsfor the hydraulic reservoir. Figure 2-12 isablock diagram that outlinesthe LRS
components.
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Figure2-12 LRSElectrical System

For more information on the dectrical control system refer to the eectricd schematics and
wiring diagram found in Appendix 1V.

The control box (Figure 2-13) houses the pitch and roll brake vave modulators, a 12V and a
24V power supply, an anti-condensation heeter, and PLCO. Thefollowing isalist of the
indicators and controls located on the control box:

1) power onindicator for control system power

2) hydraulic fluid low level darm indicator

3) hydraulic fluid high temperature darm indicator

4) audibledarm

5) darm slence pushbutton
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6) flood light on/off control switch
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Figure 2-13 — Control Box
The power box (Figure 2-14) houses the ‘ soft start’ motor Starter, reservoir heater contactor,
120V power distribution transformer, power supply for the soft start motor Starter, anti-
condensation heater, motor circuit interrupt, and circuit breakers which make up the power

digribution system. The following isalist of the indicators and controls located on the power
box:

1) main circuit bresker (on/off) control lever

2) motor overload reset pushbutton

3) motor power control indicator

4) emergency stop mushroom head push/pull switch
5) HPU sart switch

6) HPU stop switch

7) HPU run indicator

8) Manuad/remote sdector switch

Note: Thedoor on the power box isinterlocked with the system power (on/off) control

to prevent access if the power control isin any other position than off.

Brooke Ocean Technology Ltd.
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Figure 2-14 — Power Box

2.2.8.2 Portable Control Console

The portable control console (Figure 2-15) is used to operate the LRS from an unobstructed
vantage point on the deck. The console is bolted to a stand that can be welded to the ship's

deck.
(3
B
o '|IIII
]

I;[_,_:—'—"
|
Ix;.suf""”"ﬂﬂ

7 P

Figure 2-15 - Control Console and Stand

The console is connected to the HPU/control enclosure through 2 x 10m (33 ft) eectrica
cables. The cables are connectorised and can be disconnected from the control enclosure. The
console houses a circuit board for the CT winch, an anti-condensation heater, and PLC1.

The portable control console has the following features:

two-way joystick for crane dew and crane extension
two-way joystick for inner boom and outer boom
gngle axisjoystick for CT winch
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emergency stop

constant tension select button

constant tenson engaged lamp and audible darm
latch release control

latch open indicator

HPU dart/stop

HPU ON indicator

interlock override control

brake pitch and brake roll proportiond control

The crane joyticks use deadman-type thumb switches to prevent accidental operation of the
crane. The deadman switch must be pressed before the joystick is moved off-center, dseits
controls are disabled. (Once the deadman switch is pressed, the joystick must be returned to
the center position — then its controls are enabled.)

2.29 Spreader Bar Assembly

The spreader bar (Figure 2-16) is used to lift the LRS and consgts of the following:
- lifing ring
two wire rope dings which connect to the spreader bar with shackles
steel spreader bar
two lifting rings attached to bottom of spreader bar with shackles
Four wire rope dings atach to the 1SO corner fittings via a shackle and a Tandemlock
lifting lug.

The spreader bar, which weighs approximately 250kg, is shown lifting the LRS in drawing 039-
F-0-01 found in Appendix V.
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Figure 2-16 — Spreader Bar

2.2.10 1SO Sid

The 1SO skid, shown in Figure 2-17, forms the base to which dl the mgjor LRS components
are mounted. The ISO skid is hdf the size of atypica shipping container and has afootprint of
3.05m x 2.44m (10ft x 8ft). During transport it aso acts as the container base for the system,
with al LRS components stored within it.
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Figure 2-17 —1SO Container Base
The skid can be anchored to the vessd deck in ether of the following ways.
Using the four corner castings on the base of the skid.
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Using 8 renewable weld down plates that are bolted to the skid.

The open areas (between beams) on the skid are covered with a bolt on sted deck grating. The
skid aso contains sockets for the tarpaulin support structure, and tarpaulin tieedown rings. The
container enclosure consists of a heavy-duty tarpaulin and aremovable support structure. The
support structure congists of 4 posts, one mounted at each corner of the skid.

LRS components that are bolted directly to the ISO skid include the crane, capture mechanism
deck cradle, and hydraulic power unit. Other components, including the tow boom, control
console, and capture mechanism are bolted to the skid for transport only. Instructions for
unpacking and ingaling the skid are summarized in Section 3.3.

2.2.11 AUV Hooks/Retraction System

The AUV has been modified to incorporate atowing hook, lifting hook, and retraction system,
shown in Figure 2-18, to provide the interface between the LRS and the AUV. The complete
system congisting of two hooks, a cylinder, rods, springs, and brackets, is used to retract the
AUV hooks using hydrostatic pressure when the AUV is submerged (to reduce hydrodynamic
drag) and to extend the hooks when the AUV returns to the surface. Both the AUV lifting hook
and the AUV tow hook are of titanium construction.

1 by
) BN\ ke
Figure 2-18 — AUV Retraction System

2.2.11.1 AUV Lifting Hook

The lifting hook is used to hoist the AUV and islocated at the AUV’ s center of gravity. The
crane hook guide line, attached to the crane hook, is used to aid in the mating of the crane hook
with the AUV lifting hook. Once the two hooks are positively engaged lifting commences. The
lift hook is congtructed of Grade 5 titanium.

2.2.11.2 AUV Tow Hook

The tow hook assembly is mounted in the nose section of the AUV and acts as the tow point
during launch and recovery operations. The assembly is designed with a spring-loaded latch to

Brooke Ocean Technology Ltd. 2
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positively capture the tow cable. A gainless sed link-weight, which forms part of the tow cable
termination, comes in hard contact with the towing hook when towing. The tow hook, which is
congructed from Grade 5 titanium, is mounted on the AUV with the mouth of the hook pointing
toward the stern of the AUV. The mounting bracket for the hook alowsit to pivot upwards to
dign itsdf with the tow cable.

In operation, abight of the tow line is hung across the path of the AUV and the tow line makes
contact with the AUV tow hook. Once the tow hook gate closes, the dack in the tow lineis
taken up so that the termination is firmly seated againg the hook and the AUV is brought under
tow.

2.2.11.3 Retraction System

The retraction system was designed to retract the AUV hooks after launch and to deploy the
AUV hooks before recovery. This is accomplished through the use of hydrogtatic pressure,
which increases asthe AUV descends and decreases as the AUV surfaces. The retraction
system includes asmall air cylinder that must be pre-charged with 69KN/n¥ (10ps)) ar
pressure to ensure that it will work properly in the fidld. The rod sde of the cylinder is open to
seawater pressure through a brass breather vent.

Asthe AUV goes down, the seawater pressure increases and progressively pushes the piston
down. The retraction of the cylinder rod pulls the cable chain and rotates the tow hook to the
retracted position. At the same time, a push rod moves towards the lifting hook and again
through a cable chain sprocket mechanism, the lifting hook isrotated to the retracted position
where it engages a soring-loaded latch. Thiswill happen during the first 36mm (1.40in) of travel.
Astheair is compressed further, the cylinder body will Sart to move againg the constant
tengon springs until the piston bottoms out.

When the AUV returns to the surface, the air pressure in the cylinder pushes the cylinder rod
out rotating the cable chain and deploys the tow hook. The lifting hook remains latched. When
the towing line engages the tow hook and pullsit to its maximum deployment position the
cylinder moves forward againgt the CT springs and the bottom push rod moves &ft to release
the latch. This releases the oring loaded lifting hook alowing it to deploy.
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3 Ingallation Instructions

This section provides ingruction for ingaling the AUV LRS. It describes how the system is
prepared for ingtallation, anchored to the vessal deck, installed and checked.

The AUV LRSisdesgned to beingdled immediately following trangport. It can be quickly
ingalled by a crew of two or three persons and started up within afew hours of ingallation.

3.1 System Transport

The LRSis completely contained on an 1SO skid and as such provides an efficient means of
system trangport. The skid islifted usng a spreader bar assembly. The spreader bar connects
to the ISO skid with four lifting dings connected to the 1SO corner fittings with tandemlock

lifting lugs.

3.1.1 LRS Shipping Requirements

The AUV LRS includes a crane (Hiab 200), HPU, towing boom, capture mechanism assembly,
and miscdllaneous smdler components which make up the rest of the system. The shipping
weight of the LRS is approximately 6805 kg (15000 Ib.). Figure 3-01 shows the components

as shipped.

Figure 3-01 — L RS Shipping Configuration
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3.2 Insallation Requirements

3.21 Anchoring of SO Skid to Ship’s Deck

The 1S0O skid can be mounted to the ship’s deck by using the 1SO corner fittings or welding the
skid weld plates directly to the deck. Ingtalation details are as follows:

A) Skid and Mounted Hardware
Waeght - 5950 kg (13,100 1b.)
Deck reactions — refer to Dwg. # 039-1-0-06 in Appendix V
Footprint - 3.05m x 2.44m (10 ft x 8 ft)

B) Tow Boom
Weight -215kg (4751b.)
Deck reactions — refer to Dwg. # 039-1-0-04 in Appendix V
Footprint - (2ftx 2ft)

3.2.1.1 Corner Fittings

Some vessdls are equiipped with mating 1SO corner fittings, which will dlow the LRSto be
quickly ingtalled on deck. The ISO skid corner fittings will be secured to the deck with twistlock
dackers. These fittings must have a minimum ultimate strength of 34,060kg (74,9301b) tenson,
45,082kg (99,1801b) shear, and 150,273kg (330,600Ib) compression. The twistlocks and a
means of latching them are to be provided by the end user.

The following is a suggested procedure to anchor the 1SO skid to the deck if the corner fittings
are to be used. To anchor the 1SO skid to the deck, ensure the twistlock stackers are anchored
to the deck sockets, the rotatable locking sections are in the unlocked position (pardld to the
length of the skid), and the locking handles are facing outside of the ISO skid footprint.
Carefully lower the skid until it is resting on the twistlocks. Then lock the twistlocks by rotating
the handles 90°. Carefully lift the skid until snug againg the twistlocks and insert shims. The
shims are meta plates with U-shape profiles that dide between the twistlocks and the skid.
Once the twistlocks are inserted, lock the twistlock handles by threading a¥#20-UNC x 1.25-
inch long hex bolt into the tapped hole in the shim.

3.2.1.2 Weld Plates

The 1SO skid is equipped with 8 weld down plates that fasten, with 3410UNC gavanized bolts,
to matching plates on the outside I-beams of the skid. For permanent ingtdlation the plates are
fitted and tack welded to the deck, then the skid is removed to permit welding from both sides.
For temporary ingdlation, the plates are fitted and welded on the outside only with the ISO
skid in place. For permanent ingtdlation the weld plates are to be painted. Thisisaso
recommended for temporary ingalation if it isto be used for an extended period.
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To ingal the skid with weld plates, the plates are bolted to the matching plates on the skid and
the bolts torqued to 271Nm (200ft-1b.). The skid is then lowered to the deck and the plates
trimmed as necessary so that the LRSisas closeto leve as possible. The skid can be ingtalled
as high as 100mm (4 in) above deck levd; if it is necessary to raise higher, the weld plates must
be gusseted. Note: Ensurethat the tarpaulin isremoved prior to any welding.

3.2.2 Electrical Power Requirements

The LRS s connected to the power supply through a power cable that runs from the power box
to the supply. The cableis 10m (33ft) long. The vessd of opportunity must supply the LRS
with 2440V 3-phase power (50 or 60 Hz), rated for 55A minimum.

The control system uses a*soft start” motor controller, which reduces the peak current drawn
during motor tartup. The ‘soft gart’ function can limit the number of motor Sartsin agiven
hour due to disspation of heet in the soft-starter during the ‘ soft start’ period. Increasing the
garting current will increase the number of re-artsthat are possible in ashort time period. (See
soft-garter users manud in Appendix V1.)

3.3 Installation Procedure

Once the SO skid has been anchored to the deck, ingtal the AUV LRS asfollows. (Many of
these tasks can be carried out concurrently.)

1) Remove the tarpaulin and store.

2) Remove loose gear and tow boom components.

3) Remove tarpaulin post and stringers and store with tarpaulin.

4) Unbolt the transport bar from the crane.

5) Remove the portable control console from the skid and locate on deck so that the operator
will have an unobstructed view of al operations. Then weld the basein place. Note: LRS
oper ations can be conducted with the portable control console located at its storage
position on the I SO skid, although thisis not recommended.

6) Wire HPU into the ship's eectricd pand.

7) Uncoil portable control console cables from the HPU skid and connect to the console.

8) HFill the HPU unit with ail if not dready done. Hydraulic ail isto be filtered during filling with
a3mmfilter.

WARNING: Do not fill the HPU tank unlessthe craneisin folded position. If filled
with the crane extended, the tank will overflow dueto the volume of ail required to
extend the cylinders.

9) Check ail levels and review safety procedures before turning the HPU on using start button.
After garting the HPU (for the first time) check to see that the motor isrotating in the
direction of the arrow. Note: The *soft start’ function can limit the number of motor
startsin a given hour dueto dissipation of heat in the soft-starter during the * soft
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sart’ period. Increasing the starting current will increase the number of re-starts
that are possiblein a short time period.

10) Unfold the crane asfollows.
Lift outer boom off parking support, but no more than 13mm (0.5in), by carefully
engaging Outer Boom Down on theright hand crane joystick. Please note thet as the
outer boom is upside down at this point, moving the joystick in the down direction
causes the boom to move up in the opposite direction.

WARNING: If the outer boom islifted morethan 13mm (0.5in) it will hit thewinch
mount and cause damage to equipment.

Lift inner boom up by engaging Inner Boom Up on the left hand crane joystick until the
outer boom can be unfolded.
Unfold the outer boom by engaging Outer Boom Up on the right hand crane joystick.

11) Locate the tow boom king post weldment at the desired location near the side of the vessd
and weld in place.

12) Balt the king post to the weldment.

13) Pin the boom to the gooseneck on the king post.

14) Assemble the three boom components.

15) Ingdl rigging.

16) L ocate a suitable location to anchor forestay or weld a pad eye as an attachment point.

17) Ingdl forestay.

18) Sew the crane to line up with the capture mechanism, ensure that the inner boom isup to its
limit, bring the boom extension close to the attachment fitting and carefully extend the boom
until thefitting dides into the end of the crane and secure with the pin provided.

19) Carefully retract and raise the outer boom to take the capture mechanism out of its cradle.

20) Place the capture mechanism near deck level and connect the hydraulic hoses and dectrica
cable.

21) Check the operation of the latch plates and the rotator. Exercise severd timesto flush air
out of the hoses.

3.4 Start-up / System Testing Procedure

3.4.1 Hiab SeaCrane

Note: For SAFE operation of the crane a second spotter person should always be used.
An ingpection of the area around the crane should be doneto ensureit isclear of any
obstructions. The crane operator should take directions from one person to avoid
confusion.
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34.11 ColdWeather Start-up

When the crane is started up in cold wesather the wear on the hydraulic system, particularly on
the pump, is greater than in norma operating temperatures. In order to minimize weer, the crane
should be started as follows:

1) Leavetheail to circulate for afew minutes. Do not touch any of the levers.

2) Rasethe crane from the parked postion.

3) Operatethe”IN” function of the outer boom for 1-2 minutes.

4) Operatethe“OUT” function of the outer boom for 1 minute.

5) The craneisnow ready for use.

3.4.1.2 CraneFunctions

1) Power the HPU and check that the motor is rotating and the pump is on.

2) Raise boom until the capture mechanism is free of the deck.

3) Sowly rase and lower the crane inner boom until it bottoms out in each direction.

4) Raseand lower the crane outer boom until it bottoms out in each direction

5) Extend and retract the crane extenson telescoping boom fully.

6) Put the cranein apostion that will alow for complete rotation and dew of the crane in each
direction.

3.4.2 Capture Mechanism Functions

3.4.2.1 Rotator

1) With the winch cable dack rotate the capture mechanism to full mechanica stop in cw
direction.

2) Check that the hoses and cables are not strained.

3) With the winch cable dack rotate capture mechanism to full mechanicd stop in cow
direction.

4) Check that the hoses and cables are not strained.

3.4.2.2 Brakes

1) If thebrakeisinthe“ON” pogtion dowly release until the capture mechanismis verticd,
then switch the brake to the * OFF’ position.

2) With the capture mechanism brakes “ OFF’ dowly raise and lower the boom and check
that the capture mechanism pivots fredy.

3) With the crane boomed in, switch the brake for one of the horizontal axes to the “ON”
postion

4) Sowly raise the boom verifying the capture mechanism brakes do not dip.

5) Turn“ON” the brake for the other horizontal axis and verify that the capture mechanism
can no longer swing fredy. DO NOT release the brakesin any other orientation than its
natura suspended postion.

343 CT Winch
1) Turn onthe CT winch and verify that winch isnot in CT mode.
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2) Pay out cable and haul in cable.

3) Ensurethat the cable is dways under tension on the winch to maintain proper spooling.

4) Sowly continue hoiding until the latch automaticaly engages.

5) Pay out cable until the termination rests on the latch plates.

6) With the latch engaged, dowly haul in cable until the “PRESS TO OPEN LATCH WHEN
LIT” indicator isilluminated. (This light indicates maximum hoist and illuminates when the
winch cable termination is above the latch plates and the plates close automaticaly. Whenin
this pogition, alimit switch that isinterlocked to the winch, capture mechanism rotator, and
crane istriggered to prevent the crane hook from being over hoisted. Winch haul-in, capture
mechanism rotation, and any crane functions that could produce over hoigting are inhibited
while this switch is engaged). Carefully attempt the following: cable haul in, main boom up,
outer boom up, and extension oui.

7) With the crane hook a maximum hoist, open the latch plates by depressing the “PRESS
TO OPEN LATCH WHEN LIT” button and have a person on deck verify the latches are
open when the“LATCH OPEN” light isilluminated. Release the “LATCH OPEN" button
and have a person on deck verify the plates are closed.

8) Open the latches and lower the crane hook assembly below the capture mechaniam.

9) Verify the operation of the interlock override by manudly depressing the maximum hoist
limit switch and interlock override. Then attempt the following: capture mechanism rotation,
cable haul in, main boom up, outer boom up, and extension out. Ensure that thereis
aufficient cable paid out so that the crane hook remains well below the capture mechanism
adl times

10) To verify that CT mode is operationd, pogition the capture saddle well above the water or
deck. Lower the hook close to the deck.

11) Put the winch in minimum CT mode and verify that the cable can be pulled off of the winch
by hand, approximately 133N-222N (30-501b) tension. Engage the hook to a firm place on
deck (lug or deck cleat). Clear the deck and have a crewman stationed at an E-stop in case
of emergency. Gently pull the joystick to increase tension and the winch will pick-up the
dack cable.

12) Increase tenson until winch isin maximum CT mode. Boom up and down; winch should
haul in and pay out cable.

WARNING: Never put thewinch in CT mode unlessthe AUV isbeing recovered of
the winch isbeing tested.

WARNING: Never put thewinch in maximum CT unlessthe hook is connected to the
AUV (recovery) or the hook is connected to a heavy weight of at least 150kg (330Ib) or
isanchored to the deck.

WARNING: If thewinch joystick ismoved dowly from “MAX TENSION” position to
cancel constant tension, or isallowed torest in the*MAX TENSION” position, the
hook will beretrieved at a speed in excess of 3.4m/s (675 ft/min).
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4 Operating Instructions

4.1 Introduction

This section details launch and recovery procedures for the AUV LRS. Each section of the
operating indructions includes a summary, which describes the actions required to perform the
procedure and a detailed set of ingtructions to execute the procedure. The following personne
are required for launch and recovery operations:

LRS Coordinator (also communicates with the bridge)
Crane Operator
Tow Boom Operator

2 Line Handlers (to handle snap shackle release line, guide line, and one end of tow line)

4.2 Safety Notices

The procedures noted below are not intended to relieve the Master of his
responsibility for the safe handling of the vessel and equipment. Brooke Ocean
Technology Limited disclaims responsibility for any accident or injury asa result of
omissionsor errorsin the procedureslisted below.

4.21 Communicationsand Training

Communication is essential between the crane operator, deck crew, and the bridge crew. Do
not begin operations until communication protocols have been understood between the various
personnd in the operation.

Ensure that dl personnel involved in launch/recovery operations are familiar with the operations
as described in this chapter. They must dso be properly trained for their individua tasks and
familiar with operation and safety procedures.

4.2.2 Winch Cable
Always keep at least 5 dead wraps of winch cable on CT winch drum at dl times.

Replace the winch cable immediatdy if any Sgns of damage or deterioration are observed,
including broken wires, kinks, or Sgnificant corrosion.

4.2.3 Electrical Syssem Warnings
Electricity and salt water can kill. Even relatively low voltages are particularly hazardousin a
marine environment.

The hydraulic power unit motor and power box are energized at 440V. Break the supply
circuit and lock it out before performing any maintenance on the power box.
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The control circuits are energized to 120 VAC and 24 VDC. Disconnect supplies by opening
circuit breakers and/or removing fuses before performing maintenance on the control systems.

4.2.4 Suspended Loads
Keep clear of the AUV and the crane a dl times.

4.25 LineHandling

Persond and equipment can become entangled in loops of cable and trailing lines. To avoid this
do not wrap cables or lines around hand or body and handle with caution.

The guide lineis particularly dangerous because it is secured to the crane hook. If maximum CT
mode is accidentally enabled the winch will haul in cable at 3.4nVs (675ft/min) and could pull the
line handler overboard and cause serious injury to personndl.

4.2.6 AUV Propdler
Keep clear of the AUV propeller a dl times.

4.2.7 CraneOperating Radius

If the vessdl is subjected to roll anglesin excess of + 10° do not dew crane to maximum resch.
Reduce reach of the crane to 5m before dewing. Once deployment position or deck cradleis
reached the crane can be extended to the required reach with the dew held in position.

4.2.8 Latch Plates

The latch plates close with a substantid force. Keep hands clear of the latching mechanism
during pre-operationa checks and lock out the hydraulic system before performing maintenance
on the latch plates.

429 CT Winch

If CT mode is dissbled while the winch isin the maximum CT paostion, the winch will
immediately begin to haul in at full power and speed. Exercise caution when cancding CT mode
from the maximum CT paostion.

WARNING: If thewinch joystick ismoved too dowly from “MAX TENSION”
position to cancd constant tension, or isallowed torest in “MAX TENSION” position,
the hook will beretrieved at a speed in excess of 3.4m/s (675ft/min).

WARNING: NEVER use CT mode unlessthe hook is attached to an object that
weighs at least 150kg (3301b).

WARNING: If constant tension mode is cancelled while the vessal ismoving down a
wave, a shock load will occur creating the potential for equipment damage. To ensure

Brooke Ocean Technology Ltd. 31



Thales AUV Launch and Recovery System - Operation and Maintenance Manual

shock loads are avoided, cancel CT and commence hoisting of the AUV when at the
top of awave.

4.2.10 Conditions Precluding a Safe Launch

The LRSis not designed for use in conditions beyond Sea State 5 (Beaufort 6) and/or + 15° of
roll. Do not launch when conditions are likely to exceed these limits before the scheduled
recovery.

4.3 Control and Instrument Functions

The LRSis controlled from the portable control console (see Figure 4-01) which is equipped
with the indicators and controls listed in Section 2.2.8.2 of this manud. The function of the
various console components is described below.
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Figure 4-01 — Control Console

1. Joydtick for operating the CT winch. Moving the joystick away from the operator pays
out cable, while moving the joystick toward the operator haulsin cable. The winch speed is
proportiond to how much the joystick is moved. For detailed operating ingtruction refer to
the CT winch manud.

2. Lighted push-button switch for opening or closing the capture mechanism latch. The
switch is interlocked with the haul-in limit switch and should only be pressed when the
switch islit (thisindicates that the crane hook has been raised above the laiching plates).
The button has to be held to keep the latch open.
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3.

Latch Open Lamp. Light to indicate the latch open limit switch has been tripped and the
latch is open.

Joystick for extending the crane and moving theinner boom up or down. Moving the
joystick to the left retracts the boom, while moving it to the right extends the boom. The
boom has two extensons. When it is extending, the inner section first extends fully, then the
outer section extends. Moving the joystick away from the operator moves the inner boom
down, while moving the joystick toward the operator moves the inner boom up. The speed
of dl functionsis proportiond to how much the joystick is moved. The dead-man switch on
the end of the stick must be pressed for the function to be active. If the stick is moved
before the dead-man switch is depressed then the joystick command will not be
acknowledged. The joystick must be returned to the center position and then the dead-man
switch depressed to enable the joystick controls.

Joystick for dewing the crane and moving the outer boom up or down. Moving the
joydtick to the left causes the crane to rotate in a counter-clockwise direction, while moving
it to the right causes the crane to rotate in a clockwise direction. Moving the joystick away
from the operator moves the outer boom down, while moving the joystick toward the
operator moves the outer boom up. The speed of al functionsis proportiond to how much
the joystick is moved. The dead-man switch on the end of the stick must be pressed for the
function to be active. If the stick is moved before the dead-man switch is depressed then the
joystick command will not be acknowledged. The joystick must be returned to the center
position and then the dead-man switch depressed to enable the joystick controls.

Constant Tension Select button placesthe winch in constant tension (CT) mode.
When the condant tension feeture is activated, keep the joystick at the minimum tension
position to prevent the winch from hauling in a ahigh rate of speed. The CT mode will only
be activated if the tension switch is open (i.e. the cable is dack). For more detailed
operating ingructions refer to the CT winch manual. When CT mode is selected, the CT
Tenson Sdect button will illuminate and an darm will sound until CT mode is cancelled.

WARNING: Only usethe constant tension feature during recovery when the
capture mechanism is positioned over the water and the crane hook islatched to
the AUV. Do not use thisfeaturefor latching or unlatching or for any operations
when the capture mechanism is on deck.

WARNING: NEVER use CT mode unlessthe hook is attached to an object that
weighs at least 150kg (3301b).

Spring-loaded push-button switch for interlock override. Pushing this switch dlows use
of crane and winch functions that are disabled when the latching limit switch has been
activated or is not connected.
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WARNING: Only usetheinterlock override switch in an emergency or to test
system functions. Improper use of thisswitch could result in damageto the LRS or
injury to personndl.

8. Mushroom head push/pull switch for emergency stop. Pushing the button shuts down
the HPU, applies the winch brake, and inhibits crane/winch movement. An identica switch
is mounted on the power box. Note: if thisswitch ispressed, it must be pulled to the
release position before the HPU can be re-started.

9. Springloaded push button switch for starting the HPU. Pushing the button for at least a
Ysecond will cause the HPU motor to start. (Note —this button is only operationa when
Remote mode has been sdlected. The Start/Stop buttons on the HPU power enclosure can
be used in both Manua and Remote modes.)

10. Rotator paddle switch to rotate the captur e mechanism. Moving the toggle away from
the operator rotates the capture mechanism in a clockwise direction, while moving the
toggle switch toward the operator rotates the capture mechanism in a counter-clockwise
direction.

11. Spring loaded push button switch for stopping the HPU. Pushing this button will stop
the HPU motor. (Note — this button is only operational when Remote mode has been
sdected. The Start/Stop buttons on the HPU power enclosure can be used in both Manual
and Remote modes.)

12. Rotary potentiometer for roll-brake adjustment. Braking force isincreased in theroll
axis by rotating the switch CW, while braking force is decreased, until the brakes are off, by
rotating the switch CCW.

13. HPU light to indicate that the HPU isrunning.
14. Rotary potentiometer for pitch-brake adjustment. Braking force isincreased in the

pitch axis by rotating the switch CW, while braking force is decreased, until the brakes are
off, by rotating the switch CCW.
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4.4 AUV Launch and Recovery Pre-Operational Checks
Prior to launching, the following pre-operationa checks should be made:

Table2 - LRS Pre-Operational Checks

Crane

Crane pre-operationa checks complete as per Section
3.5.1.2 of LRS manud.

CT Winch

CT winch pre-operational checks complete as per Section
3.5.3 of LRS manudl.

Capture Mechanism

Capture mechanism pivots freely when brakes are off

Fully captured limit switch and indicator light working

Latch plate indicator lights working

Latch plates operating

Rotator operating

Check that capture mechanism safety keeper pinisingaled

Capture saddle rubber bumpers are undamaged

HPU

Hydraulic pump is operating

Tarpisremoved (if temperature exceeds 20°C)

Hydraulic system is free of lesks

Towing Boom

Tow boom secure (nuts, bolts, and cotter pins ingtalled)

Towline attached in appropriate configuration

Snap shackle atached (launch)

Tow winch functiond

Forestay taut

Crane Hook

Swivd isfreeto rotate

Pin securing the hook to the swive istight

Hook is free of damage, wear and deformation

Cable termination nut istight

Cable and Handling
Lines

Winch cableis free of corroson, kinks, broken wires, and
separated strands

Verify that linestied into link weights are properly reeved and
free from damage

Firmly pull lines on either Sde of link weights to verify they
are secure

AUV

Tow hook assembly free to operate, held by spring in up
position

AUV cylinder is charged to 69KN/m2 (10ps)

Crane hook assembly free to rotate, held by spring in up
position
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4.5 Launch

Launching the AUV involves two distinct operations. The pre-launch phase involves prdiminary
equipment checks and the process of latching the AUV to the crane prior to deployment. The
launch phase involves placing the AUV in the water under tow and then releasing the crane
hook and the tow line. A launch may be aborted at any stage in the process up to the fina
release of the tow line without making afull recovery.

The images shown below are representative of the LRS being ingtaled on the port side of the
ship. It should be noted that for starboard installation the procedures would be the same,
garboard ingdlation being amirror image of port sde ingdlation. The lines used for launch and
recovery are attached in the same manner despite the direction of crane dew.

45.1 Launch Procedures

Launch (and recovery) should be completed with the vessel heading 10 to 15° off ahead sea.
Thiswill minimize roll motions and a the same time provide alee for the AUV.

1. Complete dl pre-operationa system checks.
. Connect the guide line to the shackle at back of the crane hook.

2
3. Attach and secure towing boom forestay and then put towing boom into position.
4. Pay out sufficient tow cable on deck to reach the bow of the AUV.

5

. Attach the sngp shackle to a 3/8” shackle at the tow line midpoint between the two link-
weights.

6. Attach the snap shackle to the AUV tow hook. The snap shackle release line should be
orientated so that it will face the ship when the AUV is under tow. Rig the release line to the
sngp shackle pin as shown in Figure 4-02.

To LINE
HANDLER

RELEASE LINE

— ALV TOW HOODK

Figure 4-02 — Release Line to Snap Shackle
7. Removethe AUV tie-downs.

8. Sew the crane and capture mechanism over the AUV.

9. Lower crane hook and engage with the AUV lifting hook.
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10. Release capture mechanism brakes.

11. Lower cgpture mechanism until it isadmogt in contact with the AUV’ s hull & the sametime
manudly taking up the dack winch cable. Ensure that the gap between the hull and the
capture mechanism bumpersis equd, both fore and aft and side to side. Continue to lower
down until the bumpers are dightly compressed (Figure 4-03). Also, continue to manualy
keep tenson in the cable.

12. Once the bumpers start to compress the crane hook will automatically latch with the latching
mechanism. Visualy check to see that plates are laiched. Note: The“PRESS TO OPEN
LATCH?” button isNOT USED at this stage of the launch sequence

13. Boom up dightly until the swivd isregting on the latch plates and the “PRESS TO OPEN
LATCH?” light isout.

14. Carefully raise the AUV from the deck cradle (Figure 4-04). Then apply the capture
mechanism brakes.

15. Carefully dew the crane until the AUV is clear of the deck cradle. Ensure thet thereis
aufficient dack in the tow line.

Figure 4-03
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Figure4-04

Figure 4-05
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| Figure 4-06

16. Sew the crane until the boom is perpendicular with the ship and rotate the AUV until it is
perpendicular to the crane boom (Figure 4-05) using the dignment marks asaguide. In
rough westher (greater than £10°0f roll) do not exceed reach of 5 meters while dewing.

CAUTION: Do not put thewinch cable under tension unless the capture mechanism is
perpendicular to the crane boom. Also, do not rotate the capture mechanism unlessthe
winch cableis dack.

17. Ensure the capture mechanism is the same distance from the ship’s Side as the towing
sheave.

18. Once the craneisin the launch position, boom out to maximum extension and release the
capture mechanism brakes (Figure 4-06). If vessdl roll causes excessive motion, do not
release the brakes until just before launch. Note: Always position the capture
mechanism as close to the water as possible while avoiding therisk of hitting the
water.

19. Ingtruct the LRS Coordinator to head the vessal 10 to 15 degrees to port off a head sea
and maintain a speed of 2-3 knots.

20. Inform the bridge that the AUV s ready to launch.
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21. Take up dack tow cable but do not put the tow cable under tension.

22. On receiving clearance to launch from the LRS Coordinator, dowly haul in the wire rope
until the “PRESS TO OPEN LATCH?” light islit. Then press button to open the latch
plates. Wait until “LATCH OPEN" light islit then gill holding the button, dowly lower the
crane hook assembly bel ow the capture mechanism. Once the assembly has cleared the
capture mechanism, release the “PRESS TO OPEN LATCH” button.

23. As s00n asthe cable termination is clear of the latch apply tension to the towline.

24. Commence lowering the AUV into the water. While lowering the tow boom operator
maintains sufficient tension on the tow line to prevent yaw and pitch (Figure 4-07).

h Figure 4-07
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Figure 4-09
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25. Assoon asthe AUV iswaterborne and tension comes off the CT winch cable, release the
crane hook from the AUV lifting hook by pulling on the guide line (Figure 4-08). Note: Do
not use CT mode when launching AUV.

26. Advise the LRS Coordinator that the AUV is under tow.

27. Release the tow line by pulling on the snap shackle rease line. As soon as release occurs,
quickly haul in the tow line (Figure 4-09).

28. Stow the crane and towing boom.

4.6 Recovery

Recovery of the AUV should be completed a the same heading as launch operations. Pre-
operationd checks of al hardware should aso be completed prior to commencement of
operations.

There may be instances where it is necessary to recover an AUV that is“dead” in the water.
The basic concept behind a dead vehicle recovery isto attach atow lineto the vehicle and get it
under tow, a which point the crane hook can be attached and the vehicle recovered in anorma
manner.

For recovery, set the ship on aparalel heading with the AUV and approach the AUV from
agtern. At minimum speed attach the tow line as stated in Section 4.6.1. Once the AUV is under
tow dter course, if necessary, into a head sea ensuring that the AUV is a safe distance away
from the ship while turning. The remainder of the recovery sequence proceeds as normd. Note:
Thetow hook isdesigned to automatically release the lifting hook when at the surface.
If the tow and/or lifting hook isnot deployed then it will be necessary to manually
deploy them.

Theimages shown below are representative of the LRS being ingtalled on the port sde of the
ship. It should be noted that for starboard installation the procedures would be the same,
darboard ingdlation being amirror image of port Sde ingdlation. The lines used for launch and
recovery are atached in the same manner despite the direction of crane dew.

4.6.1 Recovery Procedures
1. Complete Pre-Operational Checks.

2. Bring the end of the tow line to the rail adjacent to the crane and deploy the towing boom
and forestay. Ensure the forestay is taut.

3. Remove the sngp shackle from the tow line and attach the tow line at marked position
(position to be marked at time of ingtalation) to the break-away link located on the capture
mechanism extension. Both link-weights should be outboard of the bresk-away link as
shown in Figure 4-10. Ensure the length of tow line between the towing boom and the crane
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boom extension is such that when the crane is in the recovery position, there is not too much
dack.

e | MK WEIGHT

) CABLE TERMIMATION)
[0 LIME e ! TC TOW BOOM
= OFERATOR
5
SREAK—AWAY LINK
ATTACHED TO EXTENSION
OM OUTER CRAME B00M =

Figure 4-10 — Tow Line (Recovery Arrangement)

4. Remove the guide line and shackle from the back of the crane hook and reconnect the guide
line to the beak of the crane hook as shown in Figure 4-11.

WARNING: Personned and equipment can become entangled in loops of cable and
trailing lines. To avoid this handle lineswith caution. Also, never wrap linesaround
your hand, arm or body.

N

M

Figure4-11 — Crane Hook (Recovery)

5. Swing the crane outboard and boom out to maximum extension as shown in Figure 4-12.
Be careful to keep the tow line clear of obstructions. Adjust the length of the tow line so that
the U-shape bight of lineisjust above the water creating atarget for the AUV.

6. Alert the bridge that the deck crew isready to attach atow line to the AUV.

7. The AUV surfaces and maintains a constant heading. The vessel gpproachesthe AUV, a
minimum speed, from behind with tow line target deployed.

8. Assoon asthe target passes the AUV propeller shroud, the target is lowered onto the
AUV hull and moves forward until it is engaged in the tow hook (Figure 4-13).
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9. Once the cableisin the tow hook the vessdl reduces its speed to 2-3 knots.

10. Release the tow line from the bresk-away link by pulling on theline. Sack cableis
immediately taken up by the tow boom operator with asingle turn of line around the tow
winch & al times

11. The tow boom operator continues to take up cable while aline handler dlows cable to be
paid out. When the link-weight seets in the tow hook the tow boom operator alows a smdll
amount of dack to be paid out to absorb theinitia surge load.

12. Thetow lineis hauled in until the AUV is under tow. Adjust the length of the tow line until
the AUV lift hook is digned with the crane hook.

13. Veify the capture mechanism is perpendicular to the crane boom using the dignment marks.

CAUTION: Do not put thewinch cable under tenson unless the capture mechanism is
perpendicular to the crane boom. Also, do not rotate the capture mechanism unlessthe
winch cableis dack.

14. Boom out the crane to maximum reach so that the capture saddle is outboard of the AUV.
15. Position the guide line between the nose of the AUV and the tow hook.

16. Pay out the guide line until it just reaches the water, then drop the line onto the AUV hull
and move aft until engaged with the AUV lifting hook as shown in Figure 4-14.

17. With the capture mechanism ill outboard of the AUV, lower the crane hook, taking up the
dack in the guide line (Figure 4-15). Allow the hook to be lowered dightly below the AUV
hook. Then engble CT but leave the winch in minimum CT.

18. Pull the hooks together until engaged. Then dowly increase CT until thewinchisin
maximum CT. Note: Theline handler should maintain tension on the guideline at all
timesto prevent hooks from disengaging.

Warning: Do not go to maximum CT until the hooks are engaged.

Warning: Line handler should handle guide line with extreme caution and be
prepared to releasethelineat all times. Thereis potential for the cable to be
hauled in at 3.4m/s (675ft/min) if maximum CT modeis accidentally engaged or the
winch is put into maximum CT with no load on the cable (ie. hooks are not
engaged).
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APPIVIENSIONIS

Figure4-16

19. Boom in until the center of the cgpture mechanism is the same distance fromthe ship's
Sde as the towing sheave.

Note: Always position the capture mechanism as close to the water as possible without
therisk of submerging.

20. Repostion the AUV until the lifting hook is dightly forward of the crane with an angle of
about 5° from the vertica. Thiswill ensure that adequate tow line tensgon is maintained once
hoisting commences.

21. When the AUV is at the crest of awave or just asthe CT winch cable startsto be paid out,
commence hoigting by cancding CT and lifting the AUV a maximum speed. Maintain tow
line tension during hoigting (Figure 4-16 above). Note: The winch must bein the
maximum tension position when canceling CT for a smooth transition.

19. Oncethe AUV isclear of the water and as it approaches the capture saddle, reduce
hoisting speed. If yaw is present, put additiona tenson on the towline and take extra care to
ensurethe AUV is properly aigned with the capture saddle before hoisting the rest of the
way. Note: If thevehicleisnot parallel to thelength of the capture saddle then the
AUV could be damaged.
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20. Hoigting continues until the AUV is secure in the capture saddle and the “PRESS TO
OPEN LATCH?” light comes on indicating that the AUV isin the maximum hoist position.
Note: The“PRESSTO OPEN LATCH” button isNOT USED at this stage of the
recovery sequence. The laich plates are now shut capturing the swivel indde of the
latching mechaniam.

21. Lower the AUV dightly until the swivel isregting on the latch plates and the “PRESS TO
OPEN LATCH?” light goes out.

22. Slacken the tow line (Figure 4-17).

igure4-17 B
24. If ves rall exceeds +10° do not dew the crane. Retract the crane inboard until at areach
of 5 meters and then dew the crane until the AUV is digned with the deck cradle.

25. Telescope the crane (if necessary) and rotate the cgpture mechanism until the AUV is
digned with the cradle. Then carefully lower the AUV (and capture mechanism) until the
craneisjug above the cradle. Disengage the brakes if necessary to permit alignment with
the cradle.

26. When the AUV is digned with the deck cradle carefully lower the AUV (and capture
mechanism) until the bumpers are dightly compressed.

27. Oncethe full weight of the AUV ison the deck cradle dowly pay out cable.
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28. Manudly apply tension to the dack cable until the “PRESS TO OPEN LATCH” light
comes on. Then press the button to open the latch plates.

29. Wait until the“LATCH OPEN” light islit and then dowly raise the crane. Unhook the
crane hook from the AUV lifting hook and hoist clear.

30. Sew the crane until clear of the deck cradle.

31. Store the crane by placing the capture mechanism on deck.
32. Disconnect the tow line from the AUV.

33. Ingall the AUV tie-downs.

34. Inform the bridge that the AUV is secure on deck.

35. Stow the towing boom.

Brooke Ocean Technology Ltd.

49



Thales AUV Launch and Recovery System - Operation and Maintenance Manual

5 Maintenance | nstructions

5.1 Safety Precautions

The following precautions will reduce the possibility of injury during routine maintenance
operations that require dismantling and/or repair.
a.  Whenever possible, disconnect the LRS from ship’s power during maintenance.
b. Before making hydraulic repairs, verify that the hydraulic system is depressurized.
c. Before atempting to remove any crane hydraulic cylinder, support the inner and outer
boom.
d. Do not dlow ail or grease to accumulate in the work area.

5.2 Maintenance Capability

Personnd carrying out preventative maintenance on the L RS should have some formd training
as amechanic, mechanica technician or equivaent trade.

5.3 Test Equipment and Special Tools

The following test equipment and specid tools are required for performing specific preventative
mai ntenance routines.

Grease gun

Metric and standard wrenches

Metric and standard socket set

Torgue wrench (1,000 ft-1b) with 36" extension (for the crane tie down bolts)
Voltmeter

Vicegrip pliers

Vice

Vicejaws (BOT supplied)

Tape or hose clamps for termination of wire rope

Plug drivers (BOT supplied)

5.4 Preventative Maintenance

This section contains service information which will help to ensure trouble free operation of the
LRS. Falureto comply with the recommended maintenance intervas or lubricants can result in
excessve wear and premature failure of the LRS components.

54.1 System Level Preventative Maintenance

1. Annud proof-testing of lifting sysem Every 48 months, the LRS should be tested and re-
certified to ensure that dl lifting components meet the LRS equipment specification.
2. Touch-up painting of LRS.
Crane: To repaint, firgt grind the spot to clean metal. Then touch-up the areawith a

gray, polyamide zinc epoxy (2 part) primer, painting only the ground area. Subsequent
coats may be painted after aminimum of 4 hours at 23° C, or 8 hours at 10° C. The lowest
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hardening temperature is 10° C. Sand the edges of the primed spots. Blow clean and
apply amid-coat of white-beige, (2 part) polyamide epoxy. Drying specifications for the
mid-coat are the same as for the primer. When mid-coat is dry apply atopcoat usng (2
part) high gloss aiphatic polyurethane and let dry for 4-6 hours a 20° C. The topcoat
should contain 85%+ 5 gloss and is dry to the touch after 1-2 at 20° C.

LRS To repaint, follow the ingructions for the crane primer and mid-coat. When the
mid-coat is dry mix the Amersheild dipheatic polyurethane resin with the Amershield cure
and Amercoat thinner and apply atopcoat. Allow paint to through dry for 10 hours a 20°

C, or 72 hours at 10° C. Note: 2 cans of touch up paint are provided, onefor the
crane and towing boom, the other for the skid and captur e mechanism.

3. Fresh water wash-down. As often as possible and at least monthly it is advised to wash

down the LRS with fresh water to remove st deposits that occur during normal use. Make
sure that hard to reach areas are rinsed clear of sdt. Pay specid attention to the capture
mechanism for it has many smdl pieces and will be the closest to the water.

4. Sdzing shackles. When replacing any shackles, or while performing generd equipment
ingpections, make sure that al shackles are seized, to prevent accidentd disassembly.

5.4.2 Lubrication Schedule

Table 3 (below) provides a complete lubrication schedule for the LRS. The lubrication
schedule dso indudes information for hydraulic return line filter replacement.
Lubrication points for the LRS craneis shown in Figures 5-01.

Table3- LRSLubrication & Filter Replacement Schedule

Equipment Action Lubrication Frequency

Return filter Change N/A When pop-up indicator
shows replacement is
required (oil at 20°C)

Reservoir Pressure | Change N/A If damaged

Bresther

Hydraulic Huid Check Leve N/A Daly

Crane Sew Drive | check SAE 80 w/90 hypoid ail. | Daily

Levd For temps. ,-20°C, use
75W hypoid ol

CraneBoom Pins | Grease EP-2 Grease Twice/week

Crane Boom Grease EP-2 Grease Twice/week

Siders

Crane Extension Grease SAE 20W30 Ol Weekly

Pins

Crane Cylinder Qil HVI 22 or equivadent Monthly
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Rods

Capture Grease EP-2 Grease Monthly

Mechaniam Shims

Capture Grease EP-2 Grease Monthly

Mechanism

Rotator Bearing &

Pinion

CT Winch Cable | Grease Prelube-19 Grease or 6 months
equivaent

Capture Grease EP-2 Grease 6 months

Mechanism Sheave

Hydraulic Huid Change Ol HVI 22 or equivadent Y early (sooner if

contaminated by water)

5.4.3 Preventative Maintenance Chart

In addition to the above lubrication and filter change procedures, the following preventive
maintenance activities (Table 4) are prescribed for mgor components of the LRS, at thetime

intervadsindicated baow:

Table 4 — Preventive Maintenance Activities

ACTIVITY FREQUENCY
Conault lubrication chart and perform necessary lubrication Pre-Operationa
Check the ail level in the hydraulic oil tank. Pre-Operationa
Check the wire rope and spreader bar assembly for damage. Refer to | Pre-Operational
sections 5.5.1.8 and 5.5.1.9 for more detailed inspection procedures.

Check the stays, shackles, terminations, hooks and other attachments | Pre-Operationa
used with the L RS to ensure that they are free from damage.

Check that the crane hook swivd pin istight. Check that the cable Pre-Operationa
termination nut is tight.

Inspect the lines, connections and other components of the hydraulic Pre-Operationa
system in order to detect any oil leskage.

Check that the crane can be operated with ease and that the controls | Pre-Operational
automaticaly return to their neutra pogtion.

Verify that the crane is free from damage. Pre-Operationa
Repair crane components that are damaged. As soon as noticed
Check that capture mechanism latches, including indicators and Pre-Operationa
controls are functioning properly

Check that the tow boom is properly reeved and dl lines and fittings Pre-Operational
are undamaged.

Inspect line attachment hardware for damage or wear. Pre-Operationa
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Check that the AUV tow and lifting hooks are free of ocean debris Pre-Operational
and organisms and al fagteners are torqued.

Replace tow line (see Section 5.5.1.8) As Required
Replace winch cable (see Section 5.5.1.10) As Required
Oil exposed crane cylinders. Weekly
Run crane through necessary motionsto lubricate dl exposed cylinder | Bi-Weekly
surfaces.

Check that CT winch mounting bolts are secure and re-torque if Monthly
necessary.

Touch up painting Monthly
Check cylinder rod sedsfor leakage Monthly
Check and tighten screwed connections in accordance with Table 5, Monthly
Table 6 & the exceptions noted

Check that latches on dectrica enclosures and dectrica connectorsa | Monthly
capture mechanism are secure.

Check hooks, stays, spreader bar and all other lifting gear Monthly
Check that al prescribed notices arein place Monthly
Check portable control console, dectrica enclosure for water ingress | Monthly
Check and tighten electrica feed through and penetrations on portable | Monthly
control console and eectrical enclosure

Check the function of the control vave levers mounted on the HPU. Monthly
Carry out avisua inspection of structura parts to detect any cracks, Monthly
deformations, play in joints, ec.

Put the LRS through atest run and listen for any suspicious noises Monthly
Fresh water wash down Monthly
Ingpect hoses ingde of crane pedestd for chafing and wear. Monthly
Check that dl LRS fasteners for tightness and ensure that dl Monthly
replacement parts meet the origind load ratings and are of the same

quality

Re-torque crane M 30 threaded rods to 1000 ft-1bs. 3 Months
Check overdl gtructure for corrosion, removing paint and carrying out | 3 Months
hammer test as necessary

Inspect welds for cracks 6 Months
Ensure sheaves are free from cracks and examine rope groove for 6 Months
scoring

Test sample of hydraulic ail 6 Months
Clean LRS thoroughly with fresh water pressure washer 6 Months
Check dl linkages, joints, bearings and guides for play 6 Months
Re-terminate winch cable termination (see Section 5.5.1.10) 12 Months
Overhaul capture mechanism 12 Months
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Disassemble CT winch , ingpect dl wear items 12 Months
Replace desiccant in portable control console and dectrical enclosures | 12 Months
Change HPU oil and filter 12 Months
Proof test LRS 48 Months

5.4.4 Additional Preventative Maintenance

In addition to the above tables, the following preventive maintenance routines must be
conducted.

5.4.4.1 OQil Filtration

The HPU contains a hydraulic return line ail filter that must be maintained. The return filter
provides filtration for oil returning from the crane circuit. It islocated on the top of the reservair.
It is equipped with a43 ps bypass vave and a pop-up indicator to show when the element
needs replacing. The eement is serviced by removing the four bolts on the filter cover (clean the
area around the filter before remova).

5.4.4.2 Oil Maintenance

The ail in the hydraulic system should be checked on aregular basis for any signs of water or
foreign maiter. If the oil appears"milky", it is probable that water is emulsfied in the oil and the
oil must be changed immediately. The hydraulic reservoir should be kept closed at dl times.
When filling or topping up the tank, the new oil should be pumped into the reservoir usng a
transfer pump equipped with a3 micron (absolute) filter on its outlet. Be sure that the pump
does not contain any residue or fluid different from the oil being transferred. The breather cap
should only be removed for cleaning.

Note: The hydraulic reservoir should not be opened as part of routine maintenance.
There should be no reason to drain and open the tank and risk contamination. Only
when sever e contamination of the system has occurred can this action be justified.
The recommended hydraulic oil for this system is Petrocan HVI 22 or equivdent. Thisail is
capable of operation at temperatures ranging from —20°C to 60°C.

5443 Crane

The crane should dways be stowed when it is not being used. If the craneisto be owed ina
position that exposes the cylinder piston rods the exposed rods must be wiped clean and coated
with hydraulic oil weekly by retracting cylinders or goplying oil manudly. If the cylinders can not
be fully retracted remove the capture mechanism monthly and retract. During periods of non-use
of any more than afew days the capture mechanism should be removed and the crane folded.

Theail levd in the dewing house a the filling stud must be checked dally and refilled, when
necessary, with hypoid oil SAE 80W/90. Figure 5-01 diagrams the critical lubrication points for
the Hiab Sea Crane. For more detailed crane maintenance see crane manud.
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LUBRICATION

i’
. | At least once a week

SAE 20W 30

“‘-" At least twice a week

Figure 5-01 —Hiab Lubrication Chart (Hiab Manual, section 10)

5.5 Corrective Maintenance

This chapter identifies problems that may occur with the AUV LRS and recommends corrective
action.

5.5.1 Trouble Shooting

In the following table are listed problems, the probable cause(s) and corrective action
necessary. For the Hiab 200 crane and the CT winch, further information can be found in their
respective manuals.

5.5.1.1 Hiab 200 Crane

SYMPTOM CAUSE CORRECTIVE ACTION

Crane does not respond to Loss of dectrica power. Check 24 Volt supplies
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joystick commands.

Dead-man switch is not
depressed.

Press dead-man switch on top
of joygtick before moving off-
center.

See'PLC10.doc’ in
Appendix VI

Sew housng ail leve
increases during operations.
(Ol overflowsfrom the
bottom of the crane post

Oil levd increased dueto
thermd expansion of ail.

Sew cylinder sedsare

If overflow continues check
dew seds.

The dew drive sedls must be

through the Ste gauge during | lesking into the housing. replaced before the crane is
system operations) used again
The crane has insufficient Working pressure too low Attach pressure gauge and
lifting capacity check working pressure. If
too low adjust main pressure
relief vaveto correct vaue.
Main pressure relief vave Changethevave. Sed.
faulty
Pressure rdlief cartridge faulty | Change the vave
Interna leskage in cylinder
Change pigon seding i.e. dl
sedings
Pump faulty (seeincreasing
noise in pump) Change or repair the pump
Boom or dew drivedoesnot | Load exceeds the safe Reduce load.

hold its position when under
load.

working load for the crane.
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Cylinder islesking or counter
baance vaveislesking.

Vave lever may be jammed.

Identify cylinder and control
vave asociated with this
cylinder.

Check that the control levers
on the vave return to the
neutral position. Repair as
necessary. If linkage is not
jammed thereislikely a
problem with the vave.

55.1.2 CT Winch

SYMPTOM

CAUSE

CORRECTIVE ACTION

CT winch will not haul in
cable.

Sysgem isin Manud mode

Cable has tripped the ‘hoigt’
limit switch.

AUV isinfully captured
position.

Switch to Remote mode.

Check that the switch arm
moves fredy.

Lower AUV until the “PRESS
TO OPEN LATCH WHEN

LIT” light goes out.
See‘PLCI10O.doc’ in
Appendix VI
Winch will not hold load. Defective counterbalance Adjust winch control
vave. potentiometers as per manual.
Repair or replace winch brake.
Defective winch brake.
Locate and diminate restriction
in return line (check return
High back pressure affecting | filter).
winch brake of
counterbalance valve.
| Winchwill not lift theload. | Winch overload. Reduce load.
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Defective or improperly
adjusted pump controller.

Defective pump.
Defective motor.

Davit 2-blocked, or anti-2-
block control defective if

Adjust, repair, or replace.

Repair or replace pump.
Repair or replace motor.

Lower load. Adjust or repair
anti-2-block control.

improperly adjusted.
No response to joystick No power. Check that power ison and
commands. power cable is secure.
Check power supply.
See‘PLCI10O.doc’ in
Appendix VI
CT mode will not engege. No power to the switch. Check CT winch tenson
Slack cable sensor not closing | detector switch.
the circuit.
Solenoid vave not operating. | Repair solenoid vave.
See‘PLCI10O.doc’ in
Appendix VI
55.1.3 Capture Mechanism
SYMPTOM CAUSE CORRECTIVE ACTION
Latch plates do not open or Hydraulic cylinder not Check that the quick

close when button is pressed.

operating.

disconnects are fully engaged.
Check dl lines, vaves and
fittings for lesks.

Check solenoid valve.

Check thet limit switch is
operating and repair and adjust
if necessary.

See‘PLC10O.doc’ in
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Appendix VII.
Latch plateswill not openor | Latch plates have jammed. Check for damage;
close. replace/repair as necessary.
Brake will not engage. Solenoid vave not working. Repair or replace vave.

No power going to the
solenoid.

Cdlipers saized.

Obgtruction in hydraulic
system.

Check that the solenoid is
receiving a power supply

Remove and disassamble
brake.

Check hydraulic lines for fluid
and pressure.

See‘'PLC10.doc’ in
Appendix VI

If thelatch is open and
“LATCH OPEN" light does
not illuminate.

Switch lever isout of
adjustment.

Thereisno power & the
switch.

Bulb is burned out.

Limit switch is damaged.

Examine the latch assembly to
ensure that there is no damage
or foreign materid that could
affect latch rotetion.

Check power supply

Replace bulb.

Check limit switch and repair
or adjust as necessary.

See‘PLC10O.doc’ in

Appendix VI
Capture saddle will not rotate | No power going to thevalve | Check the power supply and
paddle control.
Vave not responding to Replace dectricd actuator
sgnd.
Motor not responding to Repair brake-motor.
hydraulic power.

See'PLC10.doc’ in
Appendix VI
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5.5.1.4 Hydraulic Power Unit

SYMPTOM CAUSE CORRECTIVE ACTION
Shaft is not rotating. Pump mdfunction Shut down HPU and
disassemble pump to
determine what is broken.
Unusud noise. Intake not clear Shut down HPU and clear the
intake.
Lesk in suction line Repair lesk.
Pressthe start button for the | Main power switchisnot on. | Turn the main power switch
€lectric motor and nothing on.
happens. No power from ship.
Check ship’s power supply.

Emergency Stop button is
depressed.

Control system failure.

Pull out Emergency Stop
button.

Place system in Manud mode
and press ‘ Start’ on the power
enclosure.

See‘'PLC10.doc’ in
Appendix VI

5.5.1.5 Portable Control Console

SYMPTOM

CAUSE

CORRECTIVE ACTION

Controls and indicators on the
console are not operating.

Electrical power cables are
not properly connected to the
electrica enclosure.

Woater indde console or
dectrical enclosure.

Control system fallure.

Check connections and engage
connectors if necessary.

Remove covers from control
console and eectrica
enclosure and check for water
damage. Replace damaged
components.

Place system in Manua mode
and recover manudly.
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See‘PLC1O.doc’ in
Appendix VI

55.1.6 1S0O Skid

The 1SO skid is congtructed of welded stedl with bolt on deck grating. There are no field
repairable partsin the ISO skid.

55.1.7 Forestay
The stay must be replaced as soon as the rope develops kinks or a heavy spird twist.

55.18 TowlLine

The rope sections of the tow line must be replaced as soon as signs of wear are noticed. The
AUV target section should be replaced as soon as it develops kinks, a heavy spird twist or if
the wires are corroded at the cable terminations.

5.5.1.9 Spreader Bar Assembly
The spreader bar cannot be repaired in the field.

Thesllngs must be replaced as soon as any of the following occur:
more than two wires are broken aong one foot length of rope
five percent of wiresin any length of ten rope diameters are worn or corroded
the diameter of the winch rope vishbly changesin comparison with the norma stretching and
diameter reduction of anewly fitted rope
the rope develops kinks or a heavy spira twist
the wires at the terminations are broken and corroded

5.5.1.10 CT Winch Cable

The winch cable must be replaced as soon as any of the following occur:
more than two wires are broken aong one foot length of rope
five percent of wiresin any length of ten rope diameters are worn or corroded
the diameter of the winch rope visbly changesin comparison with the norma sretching and
diameter reduction of a newly fitted rope
the rope develops kinks or aheavy spird twist
the wires at the terminations are broken and corroded

5.6 Torquevalues

Table 5 provides balt torque information for the LARS winch, crane, PL7 winch and weld
down plate fasteners.

Table5- Torque Valuesfor LARS Structural Fasteners

Brooke Ocean Technology Ltd. 61




Thales AUV Launch and Recovery System - Operation and Maintenance Manual

I TEM QUANTITY FASTENER SIZE DRY TORQUE
(Nm [foot pound])
CT Winch 4 310 UNC 200 [150]
Hiab Crane 6 M30 1,400 [1,000]
Wed Plate 40 3/4-10 UNC 270[200]
Fasteners

Table 6 - Recommended Torque Valuesfor 304 Stainless Steel Fasteners

BOLT SZE DRY TORQUE
(Nm [foot pound])
10-24 2.712]
10-32 3.7[2.7]
1/4-20 9[6]
1/4-28 11[8]
5/16-18 15[11]
5/16-24 16[12]
3/8-16 27 [20]
3/8-24 29 [22]
7/16-14 42 [31]
7/16-20 45[33]
1/2-13 58 [43]
1420 61 [45]
%10 173[128]
%16 168 [124]
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Note: Torque values are for dry threads only. For plated threads reduce torque values by 40%.
Thistableisonly vaid for 304 sanless sed.
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