Annex F

Extract of Pilotage Directions and Guidelines



Clydeport Operations
Estuary Control

(7T
CLYDEPORT
>

CLYDEPORT ESTUARY CONTROL

PILOTAGE DIRECTIONS
AND
GUIDELINES

Name Of Holder

May 2004 1 Issue 1



CONTENTS

Document Contral {Distribution List
Document Control (Recard of Amendments)
Contents

Pulotape directicns

Pilots working & holiday armanpements
General notes

Additicnal information large vesselshenhs
Yorkhill Quay & Basin/ Govan Bagin
Sh: eldnall Riverside

Dicsel What! ! King George V Dack
Lohnitz Bazin

Rotheszy Deek (Non Fankers)

Rotheszy Dock {Tankers:

Newark Quay / Great Harbour

James Wail Dock / Greenock Ocean Terminal

Clydepont Operations
Estvary Centrol

Finnart # Holy Loch

Hunterston

Appendix
: TUG EXEMPTION LISTS
2 FILOTAGE TIME AVAILABLE SHEET
3 ADIMTIONAL NOTES

Note --

Guidelincs.

May 2004

PAGE NUMBER

Twin

Three

Four
Five/Six
Seven/'Ten
Eleven
Twelve
Thirteen
Fourteen
Fifteen
Sixteer
Seventeen
Eighteen
Mineieen
Tweniy
Twenty One
Twanty Two
Papes 23/ 24725/34

Page 27
I*ape 28

L.pdated Tug Exemption Zist Will Be Recorded Tu Estuary Contra) Copy Of The

Issue 1



Clydeport Operations
Estuary Control

i5. Relieving Times

In circumstances where a Pilot is not boarded within 24hrs. of becoming No.1 he will be relieved
and his name put at the bottom of the duty roster. (This does not apply to grade 4 Pilots).

A pilot engaged to standby a vessel at anchor may request to be relieved after 9hrs. in
attendance.

GENERAL NOTES

NOTE 1

For the purpose of these Guidelines, a ‘Large’ vessel navigating the river shall be deemed to be 2
vessel over 91.44m. (300ft) in longth, and/or having a GRT of 3000t or over,

NOTE 2

It should be recognised that these are Guidelines and for good reasons there mayhe variations in
' the times selected by individual Pilots

NOTE 3

In special circumstances, the pilod should be consulted regarding times of berthing/sailing and
rumber of tugs required.

NOTE 4

Vessels over 31.44m, (300ft.) in length and/or having a GRT of 3000t, or over, will usnally
require tug(s). Depending on manceuvring characteristics.

NOTE 5
T possible, the trim of a vessel should not exceed 3mirs.

NOTE 6

The maximum any-day draught for vessels proceeding to and from berths located east of Ergkine
Bridge and up to Shieldhall Riverside Berths is 8.7m in Fresh water.

NOTE 7
A “Small” Tug is 2 small Tug of 3 - 5 Tonne Bollard Pull.

A “Large” Tug is a Tug of 27 - 37 Tonne Bollard Pull,
A “ Mid Size” Tug is a Tug of 10 Tonne Bollard Pull.
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Clydeport Operations
Estuary Control

ADDITIONAL INFORMATION
Large Vessels/Berths

Guidelines for Vessels over 200 metres proceeding to Glasgow

Tidal Transit

Maximum Wind Speed 15 Knots

Daylight Transit

Check Air Draught (Erskine Bridge Clearance)
Depth Of Harbour (Safe Ground)

Tugs — 4 Berthing /3 Sailing

Fresh Water Armival Draught To Be Confirmed

CONSULTATION TO BE CONDUCTED.

Vessel Dimensions Fresh Water Fresh Water

Not Exceeding Any-day Draught Consultation Draught
200m x 30m 8.7m 9.4m
210m x 30m 8.7m 2.2m
220m x 3lm 8.7m 9.1m

230m x 32m 8.4m 9.0m

NOTE - For large vessel transits & changeover berths at Shieldhall, see Quality Work
Instructions.

Rothesav Dock Berths 1/2

Maximum Length 120 metres L.O.A.
Maxumum Arrival Draught 8.0 metres.
Draught Must Be Reduced To 6.0 metres By Low Water Glasgow To Remain Always Afloat,

May 2004 il Issug 1




Clydepart Operations
Estuary Control

DIESEL WHARFE

ARRIVING

Vessels should airange to berth on the Flood Tide.

SAILING

Vessels should arrange to sail from about 1hr. To High Water Glasgow.

Vessels over 75mirs. L.O.A. (No Fwd. Thruster) will require a small tug to assist,

The maximurn draught calevlation formula is Height of Tide + 2.5m minus 10%

KING GEORGE V DOCK

ARRIVING
Large vessels will usually enter the river 3'4hrs. before High Water Glasgow.

Vessels over 152 metres berthing Head North will require 3 tugs.

SAILING

Vessels over § melres dranght will usually sail at or about Half Flood Glasgow depending on

draught.

May 2004 14
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Annex G

Assessment of load required to girt Flying Phantom



Vessel:

Condition.: Derived loss scenario

State: Main Hull, Nozzle Etc., Thruster and Deckhouse

Water SG: 1.025

Longitudinal dimensions about AP (-ve aft, forward)

WN -

[N

12
13
14
15
16
17

DRAFT SUMMARY (DIMENSIONS IN METRES)

Deadweight Item

Oil Fuel DB Tk 40-57 P
Oil Fuel BD Tk 40-57 S
Oil Fuel Daily Service Tk

Total Oil Fuel

Fresh Water Tk 8-12 P
Fresh Water Tk 8-12 S

Total Fresh Water

Water Ballast Tk 2-8 P FW
Water Ballast Tk 2-8 S FW
Water Ballast Tk 24-39 P
Water Ballast Tk 24-39 S
Water Ballast Tk 57-60 C
WB Tank Fore Peak FW

Total Water Ballast

Foam Tank 21-39 C
Detergent Tank 40-44 C
Small Tanks

Crew and Effects
Stores

Towing Gear

DEADWEIGHT TOTAL
LIGHTSHIP
DISPLACEMENT

Free Surface Correction (Total FSM/Displmt)

VCG fluid

Draft forward (about USK at FP)

Draft midships (about USK)
Draft aft

STABILITY DATA

Heel angle
degrees

Angle of immersion of Port ER vent

(about USK at AP)

0

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90

Tug 'Flying Phantom' stability analysis using MAST

Weight
tonnes

12
12
4.42
28.42

9.5
9.5

19

7.5
7.5

o

26.38

15

32.79
9.97
5.05

1
0.5
3

141.11
470.5
611.61

0.186
3.928

Maximum

3.837

LCG Longitudinal
metres moment t.m
25.11 301.32
25.11 301.32
16.96 74.963
23.842 677.603
5.34 50.73
5.34 50.73
5.34 101.46
2.79 20.925
2.79 20.925
0 0
0 0
0 0
32.85 866.583
2.79 41.85
16.41 538.084
22.26 221.932
17.29 87.315
26.75 26.75
21.48 10.74
15.9 47.7
18.567 2620.017
15.87 7466.835
16.492 10086.85
Actual
2.637
3.79
4.942

Trim about Base Line Draft at midships LBP KN

metres on LBP

0.606 by stern
0.603 "
0.544 "
0.493 "
0.454 "
0.441 "
0451 "
0.485 "
0.539 "
0.625 "
0.735 "
0.867 "
1.014 "
1.165 "
1312 "
1.449 "
1579 "
1.716 "
1.858 "

about Base Line metres
3.598 0
3.593 0.401
3.536 0.807
3.455 1.194
3.358 1.545
3.248 1.859
3.118 2.146
2.966 2.409
2.786 2.652
2.58 2.875
2.345 3.082
2.081 3.273
1.799 3.435
1.503 3.56
1.199 3.648
0.889 3.701
0.576 3.722
0.259 3.709
-0.06 3.665
42.097 (degrees)

VCG
metres

1.744
1.744
6.14
2.428

3.931
3.931

3.931
4.242
4.242

0

0

0
4.827
4.242
0.622
1.412

2.99

5.02

2.882

3.742

KGxSIN(Heel) Righting moment

metres

0
0.342
0.682
1.017
1.343

1.66
1.964
2.253
2.525
2777
3.009
3.218
3.402

3.56
3.691
3.794
3.868
3.913
3.928

Vertical dimensions about Base Line ( above, -ve below)

Vertical
moment t.m

20.928
20.928
27.139

68.995

37.345
37.345

74.689

31.815
31.815
0
0
0
127.336

63.63

20.395
14.078
151
5
251
15

406.733
1882
2288.733

tonne.metres

0
35.986
76.322

108.461
123.02
121.914
111.485
95.675
77.771
59.578
44.444
33.992
20.368
0.323
-26.096
-56.671
-89.696
-124.77
-160.543

Free Surface
moment t.m

28.11
28.11
0.2
56.42

4.57
4.57

9.14

10.79
10.79

[eNeNeNo}

113.61

113.61

GZ fluid
metres

0
0.059
0.125
0.177
0.201
0.199
0.182
0.156
0.127
0.097
0.073
0.056
0.033
0.001
-0.043
-0.093
-0.147
-0.204
-0.262



Girting Analysis for Flying Phantom

GZ (m)
Heel angle Right Lever heeling lever
0 0 0.233 Heeling arm components HEELING
5 0.059 0.231 Draught/2 Freeboard Deck to top of reel Gob geo ARM
10 0.125 0.226 1.895 0.77 1.5 1.457 5.622
15 0.177 0.217 Max Breaking
20 0.201 0.205 DISP (te) Strength (te)
25 0.199 0.191 611.61 115
30 0.182 0.174
35 0.156 0.156
40 0.127 0.136
45 0.097 0.116 Angle (in plan view) of tow rope to FP's stern
50 0.073 0.096 Assumed 55 degs corresp tow rope load 30.89 tonnes
55 0.056 0.077 27% max strength
60 0.033 0.058
65 0.001 0.042 Note: Tow rope parted at over 80 tonnes in tests
70 -0.043 0.027
75 -0.093 0.016
80 -0.147 0.007
85 -0.204 0.002
90 -0.262 0.000
Flying Phantom Loss Condition

0.7 ~ .

0.6 :
E 0.5 1 :
B‘ : ——GZ in loss condition
5 4 T | E/R WTD- 29.6°
Q e E/R Vent- 42.1°
203 ; tow rope load
= . .
< . .
o) . .
& 0.2 \ :

0.1 ' \\’\\\\

O . \ T T 1
0 10 20 30 40 50 60 70 80 90
Heel angle (degs)
Note:

This analysis has been conducted to provide anestimation of the order of magnitude of load required to girt and capsize Flying Phantom.
It also allows an indication of the angle of downflooding into the engine room to be determined.

The sailing condition of the tug was derived from a combination of operators' recollections for the most likely disposition of fluids in

Flying Phantom's tanks, as it was not possible to determine tank levels after Flying Phantom's salvage. The lightship figure was the

same as that derived from the 1997 inclining experiment. The stores, crew and effects and towing gear are the same as that assumed

in the stability book dated July 2000. The length of tow rope deployed has been taken from average measurements of AIS and the lengths
of towline recovered. The angle of towline in the horizontal plan has been estimated from last known AIS headings from Flying Phantom.
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Annex H

MAIB Safety Bulletin 2/2005, published June 2005



MAIB SAFETY BULLETIN 2/2005

Collisions and contacts
between tugs and
vessels under tow or escort

in United Kingdom ports



MAIB SAFETY BULLETIN 2/2005

This document, containing safety lessons, has been produced for marine
safety purposes only, on the basis of information available to date.

The Merchant Shipping (Accident Reporting and Investigation) Regulations
2005 provide for the Chief Inspector of Marine Accidents to make
recommendations at any time during the course of an investigation if, in his
opinion, it is necessary or desirable to do so.

A number of collisions between harbour tugs and the vessels they were
assisting have been reported recently to the MAIB. Investigations have
highlighted a number of safety issues shared by each of the collisions. Itis
these shared issues which prompted this Safety Bulletin.

g

Stephen Meyer
Chief Inspector of Marine Accidents

This bulletin is also available on our website: http://www.maib.gov.uk

Press Enquiries: 020 7944 3232/3387; out of hours: 020 7944 4292
Public Enquiries: 020 7944 3000
INTERNET ADDRESS FOR DFT PRESS NOTICES:
http://www.dft.gov.uk



BACKGROUND

During the first 4 months of 2005, the MAIB has been notified of three
significant collisions involving harbour tugs. In the first incident, a tug running
stern first ahead of a merchant vessel lost control, turned broadside across
the bow of her charge and was holed beneath the waterline. In the second, a
tug guiding the stern of a merchant vessel moving stern first lost control,
struck the stern, and ended up with her tow line wrapped completely round
her bridge superstructure. In the third incident, a tug attempting to pass a line
to a merchant vessel underway lost control, ran in under the bow and struck
the bulbous bow. Fortunately, in two cases the damage was reasonably
minor; in the third, the tug had to be beached. No lives were lost, however the
consequences could have been much worse.

The common theme to all three of the above incidents was that the tug
master, although in each case quite experienced, was operating a tug with an
unfamiliar propulsion system, and was attempting a manoeuvre with that
system for the first time. The tug propulsion systems in the three incidents
were not the same, however, each required a very different thought process
on the part of the tug masters to manoeuvre the vessels effectively and safely
when compared to the systems they were accustomed to. The key point is
that, although the tug masters had a wealth of professional experience, they
had received insufficient training and familiarisation with the systems they
were using when the collisions occurred.

SAFETY LESSONS
MAIB strongly urges that:

e All tug operators review their training schemes, to ensure that tug
masters receive comprehensive familiarisation training before taking
control of a tug which is equipped with a significantly different
propulsion system. Such training should incorporate instruction and
validation on all manoeuvres that the tug master is likely to be tasked in
the port.

¢ All harbour authorities, pilots and tug operators regularly review the
capabilities and limitations of their harbour tugs and their crews, to
ensure a common understanding of each tug’s strengths and
weaknesses. This should be supplemented for each towing task with a
local appraisal of the intended operation to ensure the “tug to task”
allocation is appropriate before the tow or move begins.
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Svitzer Safety Memoranda



DO IT SAFELY OR NOT AT ALL

GROUP SAFETY MEMORANDUM 2/2008

THE DANGERS OF GIRTING

A recent incident has highlighted the dangers of tugs being girted whilst towing on a line. The
incident in question is still under investigation and it will be some time before the internal report
into this investigation can be circulated. Without pre-judging the results of the investigation, all
tug crews within SVITZER are to be reminded of the dangers of girting. In particular,
Tugmasters must be reminded of the need to test the Quick Release mechanisms for tow
hooks and winches prior to every towage operation — they could be a lifesaver in the event of
an emergency.

TOWAGE IN FOG OR SEVERELY RESTRICTED VISIBILITY

Towage in fog or when there is severely reduced visibility for other reasons (such as heavy
snow or a sand storm), is always difficult but can be done safely if the proper precautions are
taken. Any particularly challenging manoeuvres or transits must be subject to local risk
assessment, and where possible careful pre-planning with all parties involved. This should
include discussions with the Tugmasters and where possible the pilot and Port Authority. Such
a risk assessment must include consideration of acceptable speed under different
environmental conditions and contingencies in the event of changing conditions during the
operation. The assessment might conclude that towage can only take place above a certain
minimum visibility. Good communications and co-operation between the tugs, pilot, vessel
being towed and the Harbour Authority will be essential.

MASTERS OVER-RIDING AUTHORITY

All tug masters should be reminded that they have an over-riding authority to take whatever
action is necessary to ensure the safety of their crew and their vessel. This can include
refusing to connect a tow, or in extreme circumstances taking action to disengage from a tow if
they consider their tug to be in danger.

Remember, in SVITZER:

- ‘We do it Safely, or Not At All
- Ifin Doubt ..... STOP

Copenhagen, January 2008




Svitzer UK Safety Memorandum No 3 — 2008

Regional and General Managers; Technical Superintendents and Marine

TO: Superintendents
All Tug Masters and Crews
CC:
FROM: Chief Safety and Development Officer

SUBJECT:  Towage in Restricted Visibility

Towage in Restricted Visibility

The purpose of this Safety Alert is to once again remind Tug Masters, crews and

management of the risks associated with assisting vessels in restricted visibility.

Restricted visibility means all circumstances where visibility is or is expected to reduce to a
distance where the tug’s normal ability to perform may be impaired (i.e. fog, mist, falling

snow, rain, sleet or sandstorm).

Tugs can safely assist vessels in conditions of restricted visibility, but only if a thorough risk
assessment and a passage plan has been carried out and agreed with all the parties

involved in the operation.
The specific dangers associated with towing on a line in such conditions, particularly for the

head tug, must be considered and risk reduction measures agreed prior to commencement

of the operation. If in doubt the Tug Master must refuse to tow by this method.

1of5



Svitzer UK Safety Memorandum No 3 — 2008

Risk Assessments

Risk assessments have already been carried out on each tug for their suitability to work in

normal visibility within the port where they operate.

Risk Assessments in Restricted Visibility

Where restricted visibility is present or expected Tug Masters must carry out a specific risk

assessment which must include in addition to any other identified potential hazards

e The suitability of the tug to operate in the current or expected conditions of
restricted visibility

e The operational status of all navigational aids and equipment.

e The type of vessel to be assisted and in particular the minimum and maximum
speeds which will be encountered during the operation.

e The terminal or berth to or from which the vessel is to be moved.

e The tug assist methods that might be used.

e The movement of other vessels in the area.

e The navigational characteristics of the particular area of the port including the use of
information from Vessel Traffic Services.

e The characteristics of the other tugs which will be involved in the operation.

e The level of experience of the Tug Master and the crew.

e The contingency plans which may be required including one covering the situation
where the tug has to disengage because the Tug Master considers the crew or the

tug to be in danger

20of5



Svitzer UK Safety Memorandum No 3 — 2008

Pilot / Master / Tug Master Communications

It is imperative that the Tug Master communicates with the Pilot/Master of the vessel to be
assisted as soon as practicable, to plan the operation with the full knowledge of any
restrictions that may apply. Contingency plans should be agreed in case these

circumstances change.

It is essential that good and seamanlike communication continues throughout the operation

and the Tug Master must inform the Pilot/Master of the towed vessel of this requirement.

In particular the Tug Master must inform the Pilot / Master of the following:

e Any limitations on the tug's ability to assist.

e The maximum permissible speed at which any manoeuvre may have to be carried
out.

e The necessity to provide information well in advance to the tug of all engine
movements and alterations of course of the towed vessel.

e The necessity to inform the tug immediately of any changes in the towed vessel's
circumstances.

e |If a Tug Master believes his tug is being put at risk or he is not comfortable with the

tug’s position relative to the vessel

All the tugs involved in the operation must also maintain communications with each other

throughout the operation.

30f5



Svitzer UK Safety Memorandum No 3 — 2008

Port Authority Risk Assessments

Under the Port Marine Safety Code (PMSC), Port Authorities should have undertaken
operational risk assessments for vessel movements within the port in conditions of
restricted visibility, and drawn up guidelines or regulations. However, they may not have
taken into consideration the risks which may apply to the towage services during such
vessel movements and they must be made aware of the risks identified by Svitzer in the

conduct of such operations.

Svitzer port management must therefore liaise with the local Port Authorities to ensure that
any port guidelines or regulations take account of and mitigate the risks associated with the

use of tugs in restricted visibility and that all parties are aware of them

In ports where regulations and guidelines exist on restricted visibility they must be reviewed
regularly. Where there are no specific regulations or guidelines or they do not cover the
operation adequately the management must seek to have them revised.

The Port Authorities must be made fully aware of and understand the company procedures

within the port for the towage of vessels in restricted visibility.

Masters Over-Riding Authority

All Tug Masters are reminded that they have an over-riding duty and authority to take
whatever action they consider necessary to ensure the safety of their crew and their tug.
This can include refusing to connect to a tow or taking action to disengage from a tow if it is

considered necessary for the safety of the tug and crew.

4 0of 5



Svitzer UK Safety Memorandum No 3 — 2008

Attention is also drawn to SVIMS

Svitzer UK Operations Manual 3.4 Watchkeeping Responsibilities
Svitzer UK Operations Manual 3.5 Navigating within Harbour Limits
Svitzer UK Operations Manual 3.6 Navigating in Restricted Visibility

Chief Safety and Development Officer
20" June 2008
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Annex J

Lloyd’'s Register Safety Alert -
Recommendations for tugs undertaking towing operations



CLASSIFICATION NEWS

July 25, 2008 No. 20/2008

SAFETY ALERT Recommendations for tugs undertaking towing operations

APPLICABILITY All owners and operators of tugs engaging in towing operations

INFORMATION Serious concern has been raised within the marine industry about the arrangements
used by tugs when carrying out towing and the potential dangers involved in such
operations. The importance of risk assessments and efficient quick release gear has
been highlighted.

To help ensure the safety of tugs when carrying out towing, attention should be paid to
the following recommendations:

1. Before any tow, a suitable risk assessment should be carried out. This should
take into account all applicable scenarios, including: dangers associated with
towing; weather; and the competence, training and experience of the tug’s
crew.

2. The emergency quick release gear should be tested to make sure it is working
efficiently at all the stations from which it can be operated.

3. All watertight doors and openings should be closed and made tight during the
tow.

4. Communication systems between the tug and tow should be verified.

When following these recommendations, particular attention should be given to:
e the towing arrangements between the tug and tow and the dangers of girting
e potential problems resulting from the quick release of the towline

e potential problems resulting from sudden loss of the tug’s propulsion power.

HELP US TO HELP YOU - if you are an owner or operator and require further
assistance, please get in touch with your local Lloyd's Register Group office at the
earliest opportunity and we will be happy to assist.

Further information

Contact: Tom Dalling
T +44 (0)23 80 525720
F +44 (0)23 80 525799

E tom.dalling@lIr.org W
egister

www.lr.org

© 2008 Lloyd’s Register LIEE MATTERS

Services are provided by members of the Lloyd’s Register Group.
Lloyd’'s Register is an exempt charity under the UK Charities Act 1993.




Annex K

Examination and testing of the towing winch, undertaken on board the tug
Flying Phantom after salvage, alongside King George the Fifth Dock,
Glasgow, January 2008



SECTION 1 PURPOSE AND BACKGROUND
1.1 PURPOSE

The purpose of this document is to record the examination and testing
of the main towing winch and associated ancillary systems, as found
on board the tug Flying Phantom after she was salvaged. This process
was undertaken as a part of the MAIB investigation into this accident.

It also records the recovery of the tow rope from the winch drum; this
was then seized by Strathclyde Police as evidence. Examination of the
tow rope has been undertaken by specialists and will be the subject of
a separate report.

This document will present conclusions as to the status of the winch
system on board Flying Phantom at the time of the accident.

1.2 BACKGROUND

The tug Flying Phantom was involved in an accident while acting as
bow tug, towing the bulk carrier Red Jasmine up the River Clyde on 19
December 2007. This resulted in her capsizing to her port side and
consequently sinking. Three lives were lost; one crew member
survived.

The tug remained on the river-bed for over 30 days, before being
salvaged. Flying Phantom was then delivered afloat at the King
George the Fifth (KGV) Dock, Glasgow on 21 January 2008. At that
time she was declared a constructive total loss.

Key to understanding the capsize, was an investigation of Flying
Phantom’s towing winch system, and the tow release arrangements.
Investigators needed to determine if the release system had been
activated and, if so, had it functioned correctly.

As this investigation and consequent tests would disturb the systems,
and in so doing destroy some evidence, it was agreed that MAIB would
coordinate and direct the investigation activities, with other interested
parties attending primarily as witnesses.

1.3 FLYING PHANTOM TOWING WINCH MANUAL

Extracts of the Flying Phantom Winch Manual AHS 2876, are included
at Appendix 1.



SECTION 2 ARRANGEMENTS FOR INSPECTION & TESTING
OF THE TOWING WINCH ON BOARD FLYING PHANTOM

2.1 ATTENDEES AT INSPECTION

The following were present during the inspection of the towing winch:

MAIB inspector - provided independent overview of inspection

Strathclyde Police - controlled access to vessel, took
photographic evidence and maintained overview of events

MCA surveyor from Greenock office - represented MCA in role
as marine experts to Strathclyde Police

SGS UK Ltd, Grangemouth - provided chemist to certify
atmosphere of enclosed spaces was safe to enter

Dales Marine Ltd, Aberdeen - were engaged by Svitzer Marine
Ltd owners to provide advice on the mechanical condition of the
towing winch, to assist with testing, and dismantling of
mechanical assemblies as required

Invotech Electrical Services Ltd, Loch Lomond - as a
subcontractor to Dales Marine Ltd, provided advice and tested
electrical systems as directed

Hays Hydraulic and Mechanical Services Ltd, of Westhill - also
as a subcontractor to Dales Marine Ltd, provided advice and
tested hydraulic systems as directed

The regular chief engineer of Flying Phantom - attended to give
advice on normal operations of the tug and the equipment on
board

IMC Corp Licensing, from the Netherlands and consultants from
Safety at Sea Ltd - attended as representatives of Svitzer Marine
Ltd’s insurers.

2.2 PREPARATIONS FOR TESTING OF THE TOWING WINCH

Location and duration

Tests were undertaken with the tug moored alongside at KGV dock,
Glasgow; work was possible within daylight hours only.

Work began at 0900 on Tuesday 22 January 2008 and was completed
at noon on 7 February 2008.



e Condition of the vessel

The vessel was made as safe as reasonably practicable for the
duration of these tests. However, the vessel was “dead ship” — without
any means of power, ventilation or lighting. Temporary arrangements
for the provision of services were made as necessary.

Dangerous enclosed/confined spaces were ventilated and then
certified safe to enter by the Shipping Chemist; hazardous materials
were then removed as far as reasonably practicable.

In order to protect the surrounding environment, the tug was fully
enclosed by an anti-pollution boom.

Excess flood water was pumped out using portable pumps; water
levels were minimised and restricted access to most compartments
was made possible.

SECTION 3 TOWING WINCH - OVERVIEW
3.1 GENERAL ARRANGEMENT OF THE WINCH SYSTEMS

The towing winch system on board Flying Phantom was fitted in 1997,
replacing the towing hook originally fitted to the tug when built.

The locations of the components of the winch system on board Flying
Phantom are shown in the attached figures (Figures 1A & 1B).

3.2 OPERATION OF THE WINCH — OVERVIEW

The towing winch could be operated either locally (by means of a
mechanical lever, which operated a valve in the hydraulic system at the
winch side, on the aft deck) or remotely from one of the three remote
control stations in the wheelhouse. At the time of the accident the
winch was being operated from the wheelhouse.

From all positions, the initial movement of a control lever causes the
winch brake to be released, the oil pressure then provides motive
power to the winch. The controls are arranged so that the speed of the
winch is proportional to the movement of the control lever.

3.3 TOWING WINCH REMOTE CONTROLS IN THE WHEELHOUSE

The wheelhouse winch controls consisted of three very similar
electrically operated control panels, one each to port and starboard
forward; the aft panel was in the centre. The starboard forward panel
was the master and had additional pushbuttons for remotely starting
and stopping the winch power pack. Each of the three winch control
panels was provided with an emergency release button (ERB). These
were of the “lock on” type (i.e. once operated they remained
depressed, until manually reset), as commonly seen on machinery stop
controls.



Normal heave/veer operation of the winch was achieved using spring
loaded self-centring electrical control levers, one on each of the
wheelhouse panels (Figure 2).

Operation of the electrical remote controls in the wheelhouse sent a 24
volt control signal, to the winch hydraulic power pack, where an
electro-mechanical interface operated the winch hydraulic systems.

3.4 DISPOSITION OF WINCH SYSTEMS

General arrangement - deck workshop/store compartment

The deck workshop/store compartment contained the winch control
and power systems:

e The towing winch electrical control box,

e The towing winch hydraulic power pack, together with the
associated compressed air supply system, air driven
accumulator pump and hydraulic accumulator,

e The hand operated winch brake jacking pump.

This compartment consisted of a small (approximately 2.5 x 1.25 m)
full height deck workshop, entered through a steel watertight door, over
a storm sill from the starboard side main deck (the deck below the
wheelhouse). The door arrangements consisted of six clips, sealing the
door on to a rubber gasket. All were in a satisfactory condition; the
door was closed at the time of the accident.

Opening off this area, was a half height compartment which extended
almost the full width of the deckhouse casing, to give an area about
2.75 x 4.25m, which was primarily used as a deck gear store. This
compartment was above the main deck, beneath the tow wire spools.
The heavily reinforced aft vertical bulkhead of this space formed the
foundation on which the towing winch was mounted.

The space was ventilated by two small natural vents on the aft
bulkhead at a height of about 1.2 m over deck, closed off by hinged
steel covers (in satisfactory condition) which were closed at the time of
the accident. There was also one glass port-light in the aft bulkhead, in
the far port side corner of the store space. The port light glass was
found closed, with the internal steel deadlight not closed. When
forcibly smashed by the investigator (for safety reasons - in order to
promote ventilation of this confined space) the glass was found to be of
the correct dimensions and type (Figure 1A & 1B).

Winch electrical control box

The winch electrical control box was mounted on the vertical bulkhead,
inside the deck workshop, facing the starboard side. Push buttons for



local starting and stopping the winch system (replicating those found in
the wheelhouse), together with a green “running” indicator light were
mounted on the door of the control box.

Winch hydraulic power pack - system overview

The winch hydraulic power pack was mounted inside the deck store,
on the starboard side, orientated in the fore/aft direction.

Under normal conditions this unit supplied motive power to the winch
using two electrically driven hydraulic pumps mounted on top of the oil
sump tank. The electrical supply was from the ship’s main power
system. The pumps supplied oil under pressure to a hydraulic motor
mounted on the starboard side of the winch frame; some of the oil
pressure was used to release the towing drum brake, which was
normally held on by the brake springs.

The winch power pack was normally supplied with high pressure
compressed air from the engine room via an isolating valve and an in-
line reducer mounted within the store compartment. The compressed
air provides the motive force to drive the hydraulic accumulator pump;
the pump then pressurises the hydraulic accumulator.

A bladder type hydraulic accumulator was vertically mounted on the aft
end of the power pack, with the hydraulic connection at the bottom.
The accumulator stores the energy necessary to release the tow rope
under emergency conditions. It releases the winch brake, and also
configures the hydraulic pump to pay out, so allowing the winch drum
to rotate and slack off the tow rope (Figure 3).

3.5 HYDRAULIC POWER PACK - SYSTEM DETAILS

Compressed air supply

The compressed air supply to the hydraulic accumulator pump (Figure
1B and Figure 3) was fed from an air storage cylinder in the engine
room; the storage cylinder was charged by an air compressor.

Winch brake operating system - hydraulic accumulator

Fluids are practically incompressible and cannot store pressure energy.
An accumulator is therefore commonly used as a means of storing
energy in hydraulic systems. The bladder type hydraulic accumulator
consists of a fluid section and a gas section, with the bladder acting as
a gas-proof screen. The fluid around the bladder is connected with the
hydraulic circuit, so that the bladder accumulator draws in fluid when
the pressure increases, thus compressing the gas. When the pressure
drops, the compressed gas expands and forces the stored fluid into the
circuit. Under normal conditions, the bladder type hydraulic
accumulator is charged by both the main hydraulic pumps and the air
driven pump (see Figure 3).



3.6 WINCH BRAKE EMERGENCY RELEASE OPERATING SYSTEMS
e Main system

Depressing any one of the three ERBs in the wheelhouse would cause
the winch brake release system to operate. This was achieved by an
electrical control signal that was sent from the wheelhouse to an
electrically operated solenoid valve in the hydraulic system; the
solenoid valve was mounted on the top of the power pack unit. The
electrical signal caused the valve to supply oil pressure so as to
operate the brake release system.

By utilising the stored energy within the accumulator, the release
operation was designed to be possible irrespective of the condition of
the hydraulic power pack itself (for example, if the tug had lost
electrical power).

e Hand operated winch brake pump

A self contained hand operated winch brake jacking pump was
mounted inside the store space, on the aft bulkhead near the port light.
Manual operation of this pump supplied hydraulic oil to the winch
brake, allowing the brake to be released in the event of failure of the
hydraulic power pack (for example in a “blackout” condition).

This manual pump was connected via a 90 degree swing cock in the
main winch hydraulic circuit; the cock was located outside on the main
deck next to the winch on the port side, marked “Emergency Brake
Override”. Once connected, the hand pump operated entirely
separately from the main towing winch hydraulics system (Figure 1B).

This pump unit was not directly involved in the accident.
3.7 WINCH BRAKE

The winch brake was of the external band type, whereby a brake band
(lined with friction material) is tightened around the outside of a brake
drum, which is attached to the winch drum. In this case the band was
normally held on by the action of the pre-load from the brake springs,
i.e. the brake would tend towards “on” in the absence of any control
force to take it “off”. Therefore the tow rope is restrained by the winch
brake, meaning that the tug tows against the brake rather than the
force of the winch itself. The degree of initial restraining force is set by
adjusting the pre-load on the brake springs (Figures 4 and 7).



SECTION 4 INITIAL INSPECTION —AS FOUND

4.1 WINCH CONTROLS WITHIN THE WHEELHOUSE

4.2

The MAIB inspector on scene when Flying Phantom was brought to the
surface during the salvage operation had entered the wheelhouse on
21 January, as soon as it was above water, and before salvors began
work inside the wheelhouse. The scene was photographed as found,
then again with the worst of the mud carefully washed away, so that
switch positions could be clearly seen. All panels were intact and
appeared largely undamaged.

The MAIB inspector noted that the winch ERB on the forward starboard
towing winch control console, immediately inside the starboard
wheelhouse door was depressed, i.e. it had been operated, so as to
release the tow (Figure 5).

The other two winch ERBs were found not to have been depressed
and were in their normal operating position.

The towing winch heave/veer joystick controls were all found in the
neutral position; however, these controls were of the spring loaded
self-centring type and would return to the neutral position when
released.

It was not possible to determine the status of the pushbuttons on the
control panels as that information was not stable; the design of these
buttons was such that indication was not retained after the accident.

The same MAIB inspector was present when Flying Phantom was first
boarded on 22 January, alongside at KGV, and it was noted that the
evidence did not appear to have been disturbed. The controls were
photographed before any further work was undertaken; then again
after the panels had been fully washed down to allow details of the
control labels to be read.

DECK WORKSHOP/STORE COMPARTMENT AND WINCH
MACHINERY ARRANGEMENTS WITHIN

Winch electrical control box

The box was undamaged, and when opened the internal wiring and
switchgear were found intact and dry. These controls appeared to be
as they would have been with the winch running.

Winch hydraulic power pack
Despite negative first impressions of the condition of this space (as a

result of capsize and flooding), once emptied of loose gear and water,
none of the winch control or hydraulic power equipment within this



compartment was found to have been seriously damaged during the
accident.

The winch hydraulic power pack was visually inspected by the
hydraulic engineer. The unit appeared to be substantially undamaged,
but had become fully immersed during the accident.

The hydraulic oil level in the power pack sump tank appeared normal,
and was at the correct level. However, given the circumstance it was
likely that this oil could have become contaminated as a result of
immersion following the accident. It was considered to be unlikely that
representative system oil samples could be obtained, therefore
samples were not taken.

e Compressed air supply system

The air supply system valves, at the air storage cylinder in the engine
room, were found in the normal operating position, i.e. open.

A warning notice stating that the air supply isolating valve in the store
was to be open when towing, was prominently displayed next to this
valve. The valve in the store was found in the open position (Figure 3).

e Air driven hydraulic accumulator pump and accumulator unit

The hydraulics engineer visually inspected the winch air driven
accumulator pump and the accumulator unit. No apparent damage
was found.

e Hand operated winch brake pump

The hand pump was visually examined, and appeared to be
undamaged. The change over cock (next to the winch on the aft deck)
was found in the normal position, whereby the main hydraulic power
pack was operating the winch brake (Figure 7).

4.3 TOWING WINCH UNIT — AFT DECK
e |ocation and orientation of the winch installation

The winch was seen to be mounted on the vertical face of the after
bulkhead of the superstructure of the tug, and not attached to the deck
as would more commonly be the case. The MAIB was advised that this
was because the winch was retrofitted to the tug, in place of the
original towing hook. The hook was fitted to the bulkhead, which was
therefore built as a structure strengthened to take towing loads; the
deck was not strengthened to take towing loads. It was therefore
logical to mount the new towing winch on the bulkhead, rather than
attempt to reinforce the deck. A brief visual inspection of the steel
structure adjacent to the winch confirmed this information.



It is understood that some modifications to the winch have been made
to allow it to be mounted in the vertical, rather than horizontal plane.
However, details of any modifications to the original winch design were
not available.

General appearance and overall condition

The winch was well greased, and first impressions were of a generally
well maintained machine, that was lightly used. The winch did not
appear to have been significantly damaged during the accident. No
evidence of physical overload was seen, there was no visible distortion
of winch structure, or the area of its attachment to the tug.

Local winch control lever

Located on the main deck, immediately adjacent to the starboard side
of the winch, this self-centring control lever was provided to give local
control of the heave and veer functions. This lever was found in the
centre, or zero position.

Winch drive motor

The hydraulic drive motor, mounted on the starboard side of the winch
frame had no external indication of damage, and appeared to be in a
satisfactory condition. All associated hydraulic oil pipe work was
similarly satisfactory.

The towing winch brake

The brake was found to be on, operated by the springs as would be
expected. No significant damage or deformation of the brake operating
system was seen, and it appeared to be in a satisfactory condition.

It was noted that the brake actuating linkage system was attached to
the brake band by a single point on the forward face of the brake band
only; there was no direct attachment to the band on the after section of
the brake band. As a result, the brake band tended to “float” about the
forward attachment point.

Although “on”, the brake band was seen to be unusually displaced over
towards the port side, and the area of brake drum left exposed (a strip
about 15 — 25 mm wide around the full circumference of the brake
drum) was clean and bright. This could indicate that after the accident
the band was not found in its usual position. This was confirmed by the
vessel's chief engineer, who stated that he had not seen the brake
band displaced like this before (Figure 6).

Tow rope on the winch drum

The winch drum was approximately two thirds full of tow rope, of a type
that appeared similar to that which had been seen by the attending



MAIB inspector on the foc’sle deck of the ship Red Jasmine, and
recovered from that ship as evidence. That section of rope was seized
by Strathclyde Police and MAIB as evidence.

The rope on the winch did not appear to be spooled unusually on to the
tow winch drum, or particularly compressed as if significantly
overloaded. The tow rope had parted at a position about 9 metres from
the drum, approximately in the position of the bridle winch shackle. No
deformation of the bridle winch shackle was seen.

e “Goal post” arrangement

The tubular structure surrounding the aft side of the winch (the “goal
post”), used to help guide the tow rope on to the winch drum), was not
damaged, and showed no unusual witness marks from the tow rope. At
the time of the accident, the tow rope did not appear to have been
running off the drum in any way other than that which was normal
(Figure 4).

e Winch assessment

At this time, the attending specialists and investigators agreed that
partial dismantling would be advantageous. Dismantling would be
limited to giving improved access to components and operating
systems, while maintaining the possibility of later operating the winch
under power.

The winch was photographed and examined as found, before being
partly dismantled by specialist winch engineers for closer inspection.

4.4 WINCH INSPECTION - PARTIALLY DISMANTLED

The winch was then partially dismantled by specialists, as directed by
the attending investigators and experts. This work was also witnessed
by officers from Strathclyde Police. Findings were as follows:

e Brake springs

The brake springs were not visible with the winch in an operating
condition. A sheet metal guard covered the brake springs (on the port
side of the winch); this was removed to allow inspection of the springs.
The aft most of the two springs was seen to have fractures in its lower
part, such that approximately two coils were broken off from the lower
part of the spring. However, no parts were missing. The disposition of
the broken parts and dirt, grease and corrosion in the area around
them indicated that this damage pre-existed the accident, and also that
the brake spring settings had not been recently adjusted, or interfered
with. This supposition was agreed by the attending investigators
(Figure 7).



The broken spring would, to some degree, reduce the winch brake
spring pre-load.

e Winch drum bearings and shaft

Both main winch drum shaft bearings were opened up for examination.
They were found to be well greased and in a satisfactory condition.
There was some evidence indicating that difficulties might have been
experienced with these bearings in the past; witness marks relating to
work undertaken some time ago were found on the port side end of the
main shaft. Closer examination resulted in the opinion that this was not
related to this accident.

e Winch drive gears

The sheet metal guard covering the hydraulic motor drive pinion and
the driven winch gear wheel was removed for inspection of the spur
gear type drive system. No damage, or evidence of overload was
found, and they appeared to be in a satisfactory condition.

SECTION 5 TESTING THE WINCH

5.1 ELECTRICAL TESTS OF THE TOWING WINCH REMOTE CONTROL
SYSTEM

The electrician examined, and using calibrated instruments tested, the
winch control system in the wheelhouse; his findings were as follows:

e The supply box, under the chart table on the port side was
opened up and tested: The 24V electrical supply wiring was
unbroken; fuse ratings correct, fuses intact and no damage.

e The access panel below the starboard winch control panel
(master) was removed to test that the ERB push button
activated (pushed down and locked down correctly) to release
the brake. This was a normally open switch, pushing closes it
and energises the control circuit. This switch was tested and,
despite having been immersed for about a month, it was found
operational. One terminal of the winch heave/veer control
joystick was found disconnected, but it was seen to be clean
and bright and attending investigators agreed that this appeared
to have occurred after the accident. All other terminals were
found to be tight, and were marked in accordance with the
wiring diagram.

e The access panel below the port winch control panel (slave)
was removed to allow testing of the ERB in the run position. No
damage or loose terminals were noted, but the switch test was
inconclusive due to water damage.



e The aft winch control panel (slave) was opened up to allow
testing of the ERB in the run position. No damage, or loose
terminals were noted, but the switch test was inconclusive due
to water damage.

5.2 ELECTRICAL TESTS OF THE WINCH EMERGENCY BRAKE
RELEASE SYSTEM

Physical examination of the electrical control system was completed,
and tests were then undertaken by the electrician:

e The winch control system supply/starter box (located inside the
deck workshop) was dry internally and an average insulation
reading of 0.8 megohm was obtained. All the terminals were
tight.

e Continuity from supply/starter box up to wheelhouse control
panel was satisfactory.

e Continuity from the supply/starter box to the winch emergency
release hydraulic system solenoid valve at the power pack was
satisfactory.

e Electrical insulation on these circuits was checked and found
acceptable for further tests. A temporary 24V supply was rigged
from batteries and a test signal was sent by operating the ERB
on the starboard winch control panel in the wheelhouse. It was
found that the emergency release hydraulic system solenoid coil
(mounted on top of the power pack) operated. However, while
the solenoid operated electrically, the mechanical part of the
valve (which was normally operated by the solenoid) did not
operate. This meant that it was not possible to fully complete the
test process as planned, by initiating a remote release of the
brake from the wheelhouse console, (but see 5.4.3).

e Both main electric motors on the winch hydraulic power pack
pumps were insulation tested and found to have been damaged
by immersion; they were not safe to run and were not further
tested.

5.3 HAND OPERATED WINCH BRAKE PUMP

In order to test the hand pump, the emergency brake override valve

was rotated to the hand pump position. The cock was difficult to operate,
but functional. The hand pump was tested by the winch engineers and the
hydraulics engineer, and it opened the winch brake band satisfactorily,
albeit very slowly. This test also served to prove mechanical operation of the
winch brake assembly.



5.4 HYDRAULIC ACCUMULATOR AND ACCUMULATOR PUMP
e Hydraulic accumulator

The hydraulics engineer examined and then tested the accumulator as
an individual component; having removed the valve protection cap
fitted to the top of the accumulator and fitted a new test gauge, the
bladder pressure was seen to be 50 Bar, this is in accordance with
manufacturers’ recommendations. The accumulator was found to be
undamaged and in an operational condition.

e Hydraulic accumulator pump

In order to test the accumulator pump, a temporary air supply was
connected in place of the usual ship’s supply. The accumulator pump
was operated and the engineer confirmed that it charged the hydraulic
accumulator satisfactorily.

e Emergency release hydraulic system solenoid operated valve

While the valve did not appear to be operational, the valve was found
to be stuck in the “energised” position, indicating that it had operated.
The hydraulic engineer tested it manually and the valve operated
normally (in manual mode) during subsequent tests.

5.5 STATIC BRAKE OPERATION TEST

Satisfactory operation of the accumulator and brake actuator systems
having been confirmed, the next step was to test the brake operation
using the accumulated hydraulic pressure, with the winch drum static.
The accumulator was charged by the accumulator pump. By then
using the override to manually operate the solenoid valve, it was
possible to demonstrate that the air pump/hydraulic accumulator
arrangement was functional, and released the towing winch brake
satisfactorily.

5.6 TOWING WINCH TEST RUN - OFFLOAD

As a result of the generally positive findings of the investigation at this
point, attending investigators and specialists agreed that the best way
forward would be to attempt to run the towing winch in order to be able
to see it operate and more fully explore its condition and remaining
capabilities. This approach had the additional benefit of minimising
intrusive disturbance of evidence.

In order to run the winch under power, a portable hydraulic power pack
was rigged to provide a temporary oil pressure supply, by tapping into

the system near the power pack in the deck store. In order to minimise
the possibility of damage to the portable power pack, the oil return from
the winch hydraulic system was initially lead to the tug’s bilge, so as to
flush through the system with clean oil. It was then possible to connect



the temporary hydraulic oil return line to the power pack ready to begin
the tests.

With the temporary electrical, air and hydraulic oil pressure supplies
connected into the onboard systems, it was then possible to “drive” the
winch using the operating control on deck, at the winch side.

The loose end of the tow rope was carefully secured back on to the
winch drum, and the winch was then successfully operated in free-
running mode, in both heave and veer directions. This allowed an
examination by all of the attending specialists and investigators of the
drum, bearings, gears and hydraulic motor, together with an offload
dynamic test of the brake system. No significant defects were found
and the winch appeared to operate satisfactorily.

It was noted that the displaced brake band tended to re-centre itself,
back to its normal operating position (as indicated by the witness
marks on the brake drum) to some degree during these tests; however
it did not quite fully recover its original position. This could indicate
some small degree of distortion of the brake mechanism, but the
attending experts did not believe this to be significant.

5.7 THE TUG END OF THE TOW ROPE

Evidence recovery

Care to preserve evidence was taken during the removal of the tow
rope from the tow winch drum. The operation was at all times
witnessed by the Strathclyde Police Officers, and the attending MAIB
investigator.

Due to the way in which the tow rope had been spooled on to the
winch drum, it was estimated that approximately three layers of tow
rope remained; this would be adequate to secure the tow rope to the
drum.

All of the tow rope in use at the time of the accident, that remained on
board Flying Phantom, was recovered as evidence. The rope was
recovered into a new “bulk bag” (a large square canvas sack of the
type used by builders’ merchants) so as to minimise damage.

The free - length was marked (using electrical tape) so as to indicate
the point at which it became necessary to “break out” the rope from the
coils remaining on the drum. With the winch operated under power, the
rope was easily removed from the drum and taken off directly in to the
bulk bag.

The tow rope was disconnected from the winch, and the complete item
was secured in the bulk bag; the bag was then craned on to the quay.
The recovered rope remained under police custody at all times. The



MAIB inspector assisted the police with loading the evidence in to a
transit van, for delivery to the test house.

Tow rope attachment to the winch

The end of the tow rope was found to be attached to the winch drum by
means of a short length of light rope, secured through an eye formed
on the tug end of the tow rope.

This arrangement is normal, and is intended to ensure that the tow
rope readily breaks free from the winch, so releasing the tug from its
tow, once all of the tow rope has been pulled off the winch (Figure 8).

5.8 TOWING WINCH TEST RUNS — ONLOAD

With the original tow rope removed and secured as evidence, a spare
tow rope was spooled on to the winch drum in order to enable further
tests of the winch. This rope provided approximately three layers of
rope on the winch drum.

Rigging for winch function test

The tow rope was rigged from the winch to a strong point on the after
deck; a calibrated, remote reading load cell was connected between
the tow rope and the strong point. The load cell allowed a direct
reading (at a safe distance) of the pulling force applied to the tow rope
by the winch.

Winch pulling test

The winch was operated under power; the load cell showed that it was
not capable of developing more than about 3 tonnes direct maximum
pull as configured. The winch specification data provided by owners
confirms that this finding was reasonable, indicating that the winch was
generally operating as expected.

Brake function test

With the load applied to the tow rope by the winch itself, the brake
system operated correctly, but appeared to operate and release the
load more slowly as increasing load was applied. It was seen that the
brake band did not open evenly around the full circumference of the
brake drum, and the brake operating ram was almost at the limit of its
travel before the brake released the load on the winch. During tests at
an applied load of 3.5 tonnes, the winch brake took 6 to 8 seconds to
release; its operation was slow and steady, with no sudden movements
of the rope as the load was removed.

The brake function was also tested by applying a load to the static tow
rope, using an external pulling device. The intention was to better
simulate release of a load under conditions more closely related to



those prevailing at the time of the accident. This test produced results
very similar to those detailed above.

Hand operated emergency pump

Load was applied to the tow rope as above; release was then initiated
using the hand pump only. Operation of the hand operated winch brake
pump became more difficult as the load on the tow rope was
increased, but it was possible to release the brake by this method.

SECTION 6 FINDINGS AND CONCLUSIONS

6.1 WINCH CONTROL SYSTEM

It was remarkable that this system was still substantially functional after
a month submerged in the River Clyde. Although it was not possible to
completely replicate an emergency release from the wheelhouse, it
was possible to confirm that the control system operated at the power
pack electrical/hydraulic interface. It was also then possible to release
the winch brake mechanism, by manually operating the solenoid valve.
This valve continued to operate normally when manually activated
during subsequent tests.

The tests conducted by the attending specialists and witnessed by
investigators produced no evidence that there was a pre-existing fault
in the towing winch brake release remote control system.

No evidence was found that when the EBR was operated from the
starboard wheelhouse control panel it did not operate and release the
towing winch brake.

6.2 HAND OPERATED WINCH BRAKE PUMP

Due to the need to first go out on to the aft deck of the tug to change
over the brake override cock, then to access the hand pump unit inside
the far reaches of the deck store, and finally its slow rate of operation
(particularly when operated under load), the hand operated pump does
not realistically form a part of any emergency release system.

6.3 OVERALL CONCLUSIONS

No evidence was found that there was any pre-existing fault in the
emergency brake release system, or in the operation of the
mechanical parts of the winch brake system. The examination and
test results detailed above suggest that it was very likely that the
winch brake was released by the action of pushing the ERB on the
starboard side wheelhouse console.

The winch brake band was found displaced towards the port side of
the tug, (coinciding with the orientation of the tug, as it capsized, and
lay on the bottom of the River Clyde). This evidence suggests that the



brake band was open at some time when the tug was lying on its port
side. As the hydraulic operating pressure in the brake operating
system then dissipated over time, the brake band was closed by the
springs, leaving the brake band displaced from its normal operating
position due to the influence of gravity upon the brake band and the
linkage arrangement. This evidence confirms that the brake band did
release at some point during the accident.

During tests at relatively low applied loads, Flying Phantom’s
emergency brake release system, while operational, did not operate
as a “quick release system”, whereby a release command would
result in the immediate and instantaneous release of the load on the
towing winch.
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OPERATION OF THE WEINCH

The Winch can be operated either locally by means of a manual lever or
remoetely by any one of three electrical Joy Sticks.

From all positions the speed of the winch can be controlled propertionally
by bow far the lever is moved. On operating the control the spring held on brake
is released by a Hydraniic Cylinder.

The Hydraulic Motor has a constant power control which cnables it's displacement
10 change in proportion to outboard load. i.c. when the Winch 1s mnming light the
Hydraulic Motor will be ih its minimum displacement and the Winch will run at

its maximum specd, as the load on the Winch increased the speed wili automatically
decrease cnabling the Winch to pull to its maximum load. As the load decreases

the Winch will speed up. This factlity maximises the power available at ali iimes
and enables stepless control.



DESCRIPTION : HYDRAULIC SYSTEM.

The Hydraulic Power Pack consists of twe fixed displacement hent ax:s
piston pumps. The pumps are driven by eleciric motors. Both Pumps are required
L achieve maximumn specified speeds.

The System pressure 15 set by relief valves mounted on the reserveor.

The two pumnps are piped ogetber (o give a single pressure supply.

The systerm 15 open ¢ircuit and the oil is circulated through the direchiona.
control valve and back to the reservoir via a return line filter.

On operating the directional control valve the o1l is diverted to the 1Tydrauhic
Motor. This 1s via a motion conttol vaive, the o1l passes through the motor and
back through the motitn conivol valve, D.C. V. and back to the resetvoir,

A small amount of oil is taken off at the motion control valve and releases the
Winch Brake.



The emergency release system is to enable a load outhoard of the ship to pull
wire off the drum without doing any damage to the Hydrauhc Motor and enabling
control of the wineh to be available when required.

The system consists of an Accumulator which 1s charged up by the main Hydraulic
Pumps and an Air Driven Pump.

On operating the emergency release system the brake is released from the Winch.
The Hydraulic Motor is put into its lowest displacement, the mator ports are
connecied together and a boost supply 18 fed to the motor.

The o] for this operation is fed from the accumulator on sensing, decreasing pressure
in the accumulator, the air dnven pump will start recharging the accumulator enabling
repelitive operaiton. The pressure of the air putnp 1s set by an air pressure regulator.



CONTROLS

The Hydraulic Power Pack can be started and stopped locally at the starter

panels or remotely in the bridge on the main bridge contrel pane: there 1s a control
on button, this puts power supply to the panel to allow operatior and also resets
the Joy stick control each time it is selected.

The low oil pressure light indicates the pressure of the ol 1n the accumulator 1f
this light remains on there is a problem with the emergency release system.

The emerpgency release button enable an outboard load to pull rope off the drum
and release any load on the winch. On pulling the buiton bacx out the winch will
once again hold the outboard load.

There is a manual emergency release lever situated on the winch which enables
the same operation.



TECHNICAL SPECIFICATION

Pump Delivery 2 x40 L'Min
Max Pressure 220 BAR
Accumulator Max pressure 220 BAR
Pre charge pressure 34 BAR

Air Pump Pressure 7 BAR AIR 210 BAR

Adr Pump Pressure 5 BAR AIR 150 BAR

Accumulator capacity 10L
Required Air Inlet Pressure 5BAR

Ml 18032

Muax Oil Temp. 80DEGC
Return Filter 16 MICRON
Suction Filter 125 MICRON
Electric Motors 2 x 18 5Kw. 415V. 3Ph.50Hz.
Direction looking at fan CLOCKWISE
Mator Speed 1500 RPM
Mrum Speed at 2000Kg 16 RPM
Dyrum Speed at S000Kg 8 R¥M

Drum Speed High Displacement 9.73 RPM
Drum Speed Mintnum Displacement 16 RPM

Pull on Bottom Layer 5 TONNE



HYDRAULIC INSTALLATION

The hydraulic installation is to be carried out by Annstrong Hydraulic
Services own fitters and will he to our quality standard guidelines.

KEY POINTS

Care is to be taken to prevent any contammnaiton entering the system
during the nstallation.

All Fittings where possible to be JIC 37deg Flare or BSP Threads.
All Tube above deck 1o be stainless steel seamless 316

All Tube belew deck to be Carbon Steel to BS.3602 DIN2391/C
The Hydraulic pipe instailation is as the Hydraulic Circuit Diagraim.

Comunissioning to be carmed out under the guidelines of Armstrong Hydraulic
Services Quality Standard.

On completion of the installation the Hydraulic Reservoir shonld he filled
with oil.

Checlc pipe installation is correct, the pipes to the Hydraulic Motor should
be looped ouf by connecting in the Test Meter.

Put air onto Air Pump, set air pressure , charge accumulator 1o pressure,
alr purp will stop when pressure 1s reached.

Check for Leaks.

Operate Emergency Release Systen. Brake should release Set pressure for boosting
motor A & B Lines.

Alr Puimp should cut in and recharge accumulator
Switch supply on to control panel. Operate Joy Stick in Bridge.
Lever on D.C.V. should move, check direction.

The Hydraulic Pumps may now be started, recommend use local
butions in pancls.



{On stariing the Hydraulic Pumps check:

Direction of rotation.
Leaking Conneclions
Pressure shouid be minimal,

On operating the D.C.V. the System flow should be seen at the test meter.
On closing the Test Meter the max. system pressure should be achigved.
Pump relief valves are pre set. The Accumulator will charge and maintain
pressure. Check leaking connections as pressure is increased.

While these initial tests are carried out the oil will be circulating.
Check filter indicator, replace if required.

Check Brake is released when D.C V. 1s operated
Check brake goes on when D C WV is in neutral position.

When pressure is satisfactory and installation 15 correct, reconnect
Hydraulic Motor.

Check constant power manual overide valve i1s mounted on winch motor.

Winch mmay now be rotated.

Check Speeds with valves 1n all three positicus.
Check Directions are correct.

Check Brake operation 1s correct.

Check pressure 15 not too high for light running.

Operate Emergency Release, check reduced pressure and brake operates.

At this point for any further commissioning a Load Cell is required and the
vessel must heave a lozd to check the winch heave capaeity.



2 X 18.5KW 80L/MIN 220 BAR POWER PACK

ITAM [DESCRIPTION PART NO. QTyY
1 |ELEC MOTOR 18.5KW DA180MAD + HEATER| 2
2 |PUMP HICO30CFP1D 2 |
2 BELL B35F25/025/045 2
4 [DRIVE COUPLING S 42/55/48/25X45-D 2
5 RELIEF VALVE 1AR66PAWA0S 2
6 IACCESS COVER LEC18 2
7 LEVEL GLASS LG5T 1|
8 [SUCTION FILTER LSE75 2
9 [RETURN FILTER TT30BAGY i
10 PRESSURE GAUGE  [LPL63-480S 3
11 |[CHECK VALVES CVEA-05 2 ’
12 [RESERVOIR 1501 [1100X800X500 1
13 |DCV F130-CF i
14 |SUCTION FILTER LSE2S 1
15 INTENSIFIER IH48-30 i
16 |[CHECK VALVE CV4A-05 1
17 JAIR REGULATOR 20AGXAG 1
18 [BALL VALV BV1EEB 1
19 [MOTION CONTROL  [1CEECSH150F5W3554| 1
20 [PILOT OP CHECK 4CK125-2WeWS 2
21 |PRESSURE REDUCER |1PASEP4W355 1
22 MANUAL RELEASE  [DH5-3A 1
23 [FLOW VALVE FCVi2B 1
24 INEEDLE VALVE NV12B 1
25 [ELECTRIC RELEASE [WE06DA08A0240 1
26 [BRAKE VALVE 1SB252P3W6S5377 1
27 [CETOP 3 SUBPLATE JAG6S 1
28 [SHUTTEL VALVE WVT125 1
29 [ACCUMULATOR BA34510A0B0CCEDOE 1
30 |[ACC SUPPORT HS$222/229 1
31 JACC SUPPORT KBK222/G |1
32 |LOW DISPLACEWENT [0610600/02212/102000 1
33 [JOY STICK Ics418 1
34 [FLOW VALVE FCV0AB 1
35 MOTOR HMCOB0S FLi3185 1
36 [BRAKE CYLINDER 1
37 [HAND PUMP OMPM45LVSS5 1
28 [BALL VALVE DH53A 2
39 [PRESSURE SWITCH DS302-150 1

B0L/220B.WKS
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HYDRAULKC COMPONENTS.

Hydraulic Motor
DCV.
Accumulator
Pump
Relief Valve
Brake Sequence Valve
Motion Coniro! Valve
P OO Check Valve
Pressure Reducing Valve
Manual Brake Release
Return Filter
Suction Filter
Check Valve,
Hand pumtp

Air oil intensifier
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1. General Description

Kawasaki “Staffa" Figh toraue, low
speed radial piston motars use
hydrostatic balancing techniques 1o
achigve hign etficiency, combined
wnth good break-suk tarque and
smooth running capasility.

Thg HMCOBD is one of B frame sizes
and is capable of developing torguas
up to 6050 Nm {4460 Ibf ft) with a
continuous output power of 112 Kw
{150 hp).

The Kawasaki range alzo includes
lixed displacement motars, plus
malching brakes and gearboxes (o
extend the torque range

The HMC series dual displacement
models have two pre-set
displacements which can be chosen
from a wade ranqe to su.t soecific
applicat.an requirements, The
displacements are hydravlically
selected by 2 directional contral valve
which can be remote from, or mountad
directly on, the motor. Displacements
can be changed when the motor is
running.

The range ol HMGC motars extends
from the PMCO10of 202 cm®{12.3in%)
1o the HMG225 of 5330 cm® {323 inf)
displacement,

These molors are also available in 2
conlinuously variable version using
either hydre-mochanical or electro-
hydraulic control methods.

Ciker mounling options are availabie

on request lo mateh many of the

competitor interfaces,

2_ Functional Symbols

All model ypes with varianie in model code positons i* & 77,
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SEO3X- \
803-C
i . War .
PR ___»-'» 1 IPC PC
Pc:r-_ r F I ]
- ot Exiernal priol €rlarna; sl
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Staffa® Constant Power
Hydraulic Motors

HMC***---CP**, 30 Series
HMC***---CHP**, 30 Series

January 1983 GB-C-2255
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1. Introduction

These Conslant Power motors are
developed from the well-proven range
of Siatfa  IMC senes dnal
displacement motors, ‘in sizes 030,
045,080, 125, 200, 270 and 325.

Whereas the dual displacement motor
operates only al either maximum or
minimum displacement, the constaint
power motor cortrol system
continuously adjusts the motor
displacement within the selccied
displacemenl range so as to keep the
hydraulic inlet pressure constant. The
torque/speed "gap” of the dual
displacement motor is thergby
eliminated, and the field of appiication
of these molors considerably
extended.

Staffa HMC consiant power motors
pravide a robust, troutle free package
lor applications with fixed oparating
parameters and arduous operating
environments, e.g. conveyors, Irack
drives, flishing trawler winches, et
whare oplimum use of available power
is reguired.

Fer applicalions where a more flexible
system is required, Vickers type CVIM
electra-hydraulic proportional valve
displacemanl control ¢an be supplied.
This versatiie system, with apprepriate
leedback sensing, can be used to
control motor displacement, shah
speed, iniat pressure, oulpll torque,
&lc.. of combinations of these
paramuters. Vickers offers a range of
standard glectronic control amplitiars
plus sysiem engineering expertise 1o

2

help in the correcl selection, design
and slart-up of these systems. The
CVM conlrol is described in calalog
C-2317.

2. (General Description

The constlant powear motar
incorporates an hydro-mechanical
propartional sontrol valve which
senses, and responds o, variations in
pressure at the motor inlet port.
Changgs in inlet pressure from an
adjusianie, preset value cause the
control valve to direct oil 1o the
displacemen pistan chambers in the
maolor crankshalt, thereby allering the
displacement to maintain Ihe inlst
pressure ai a constantvalue. The
factory preset pressure of lhis valve is
maztched lo the specific power
requirermants of the application,

The control valve is normally motor-
mounted. It can alternatively be
remotely mounted using an 1SO 4401
size 3 subplate. For such applications
contact Vickers for advice an
eonrecting control pilot lings te motor.

Anoptional 1ISO 4401, size 3.
manually operated override valve
enables high and low displacements
to be selected during setting-up,
tesling, etc.

The rarige of high and low
displacements and shaft oplions is as
for ihe HMC series dual displacement
motars.

tdotors speaitied with CP or CHP
corndral mave enhanced crankshaft

lubrication and anti-scutfing features
to ensure long, trouble free lite under
centinuous displacement control.
Standard HMC dual dispfacement
mators oo not have or require these
enhancad features, and shauld not be
used with GF or CHP canltrod,

This catalog teatures motors for bi-
directional drive applicalions. Molors
for uni-directional drive apphcations
are also available: consult Vickers.

eatures and Benefits
») High operating efliciency
Reduchion in process times
Mo feld adiusiments necessary
»)Aobusl construction for arduous
environmanis



Directional Control Valve

F 130 CFF

F 130 CF

General

The FI30CF is a stackable, open-cente direcional control
valve, designed for systems that are fed by lixed-displacermnent
purmnps (CFO systems). The valve can be equipped with a spe-
cial bypass block (O, which reduces the pressure drop when
the system is idling, ard increases the capacity of the valve.
Among \he many aceessornas avalable forthe F130CF is amid
inlat seclion thal enables faeding by twoe or more punmips, either
in separate or combined circuits. The F130CF has many differ-
ent applicalions in both mobile and indusinal machines, e.g.
frori-end |loaders, cranes, back-hoe Igaders, farest machinary
and excavalors.

The versatilly of the valve, toge'her with e wide range of
standard accessones, enables the user 1o optimize hydraulic
syslems in respect of:

Compac! system design
Many optional buill-ir funclions

Flexibility in machine design and construction
Wide range of spool acluators for direct operation and/or remote
control, atlows flexbilily in localing componen's.

Economy .

F130CF valves can be cusiom-buil', using standard modules.
This gliminates unnecessary functions, a~d enables the vale
10 he modiied or extendaed o sui the exact reguiremnents of the
cusiomer.

Design and construction

The F130CF is a stackable valve lhat can be supplied in com-
binations of 1 to 10 spool sections, connecled in parallgl {inter-
nzlly). The dillerent combinations are made up irom seven sep-
arate modules,

| he basic F130CF vave is designed tor system pressures of
up 1o 250 bar. It can be fitted with motor-por relief valves with
seitings of up t0 280 bar. The nominal flow range is 40 lo 80
I7rmin withaut the Q-block, and up ta 130 Ifmin with the Q-black,

The valve can be fitted with spools from three dilferent ran-
ges, ko suit different pump eapacities. The spocls are small in
diameser, 1o give low leakage ard low lever forces. They are oo
timized for purrp flows of 60, 80 and 110 I/min. For the highest
flow rares, the valve is filled with a special bypass blnck (O},
which directs only pan ¢! lhe pump flow through the open cenlre
of the valve. The GQ-black can be filted with a solenoid-operated
unloading vahe.

System adaptation

I'he +130CF is designed t¢ give optimiscd performance in con-
stant-flow systems. A special mid inlet section, for systems 1ed
by two or more pumps, erables the valve block for example to
be divided intc several separaie circuits. It alsg enables serigs
connaction of the blocks belore and ater the mid infat. he ol
ihat is notused inthe first bloclk is directed to the mid inlel, where
it is compined wilth any oil being fed in through this block.

18




Directional Control Valve

F 130 GF

Technical description

1. Inlel section

This consists of an inet biocx with a tank connection and two
pump connections. The tank conneaction and ane of the pump
connactions are located on the same face as *he moler ports.
The second pump comnection, located in the end face of Lhe
vatve, can be fitted with a special adapler for connecting valves
in parallel. The section can be fitted with a comman lead-hold
check valve, and an adjuslable main pressure-relief valve thal
can be factory-set if requited.

2. Doubie spool section

The module contains two spools. Each section can be fitted wilh
separate load-hold check valves. All mator parts can be fitted
with combined port-reliel and anticavitation valves, or anti-
cavilation valvas.

3. Single spao! section

Single spocl sections are used in certain circumstances, e.9.
when a mid inle: section is to be localed ahter an odd number
of spools. Accessories as for point 2, above,

4. Combined spocl/outlet section

The module centains a spool and an oullet. itis usedin combk
nalions where an odd pumber of spool sections are required.
Accessories as for point 2, above,

5. Outlet seclion

This consists of an end plate with a tank cennection. It can be
fitted with an adaplor (8! to tacilitale connectic: either in seties
or in parallel. Alternalively, it can be fitted with'a counter-press-
urg valve that raises the idling pressure.

&. Bypass block (Q}

The bypass block is fitled directly after the inlat block, 1t in-
creases the maximum flow capacity of the valve from 90 1o 130
Wenin. The bypass black can be litted with a solenoid-operated
urileading valve.

7. Mid inlel sealion

Thiz is an inlet block for systems that are led by lwo or more
pumps. The block can be located anywhere in the valve unit.
The tank and pump conneclions of the block are located in the
same face as the mator ports. The mid inlet section is available
in zeveral versinns: one 15 intended for completely separate cir-
cuits: another for series connection of the blocks before and
afler the mid inlet section. The series connected Block is fied
with @ check valve. Tnis prevents oil from the pump that feeds
the mid inlet section from being fed inla the preceding block.
However. ol that is not used in ibe first block can pass through
the check valve, Ior use in the series connacted block.

Characteristic features

o Low lever farces give comfortable oparation.
e Flexiility, due 1o stackable design.
@ Can be flanged together with Monsun-Tison Manifeld black.

e Can be fitted with accessories for multi-pump syslems, as
well 3 multi-valve systems,

& Wide range of spool acluators: direct operation; remaole con-
trol {both onfeff and proporiionall, wilh pilol operation using
hydraulic, pneumatic, electrohydraulic, o electro-praumatic
options. Most acluasers can be cperated rarally, in emer-
gency.

¢ Large number of spool designs, for oplimization of control
gharacteristics at different llow ratgs, in different work appli-
cations. )

¢ Proportional remote conirol with pressure compensated
spools, which further improves control and reduces inter-
ference {rom simullancously operaled functions.

» Separate load-hold check valve in each spaol section, to pre
vent undesirable load drop at the slart of a raising operation.

s High grade materials and precision manufacturing give a
quality produacl with low inlernal leakage and long service life.
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Directional Control Valve =130 CF

[~

o relief valve

The rain prassure-relief valve is of 1he direct acting lype. It i3 Ap (bar} Pressure reief charactenstics
continuously adjustable, within different spring ranges. up 1o
350 bar. Tne valve has excellent operating characterislics, and
can be supplicd wilh the pressure setling pre-set and sealed at
the tactary.

In cases where the O-block is fitled. external pilol valves can 250
be connected low functions such as pressure rel ef and unload-

300 .

I

ino. 200 L
Ahernatively, the main pressure-reliel valve ¢an be replaced
by a Y-plug 'hat blocks the connection between ihe pump and 120 —
the tank.
! 100 i

EERRD = |

25 S0 75 100 125 150

" \ 3
‘ ! ' .
"@- T k- —1{{{ =~ - q {limin}
_ . !
] o H

Motor port relief and anti-cavitation valve

The PLL D82 combined relief and anti-cavitalior valve is sup-
plied factory-sat 1t is very 1ast acling, and nas good Dressure  an (hary  Molor-port relief valve charactenstics
reliel charactenisiics. Its function as an anti cavitation vaive en-
ables oilto Fow [rom the tank gatlery io ihe motor port, thus pre-

venting caviation. 350 —-‘/;L

Standard settings 460 "]

Set pressures {bar)- 80, 100, 125, 140, 160, 175, 190, 210. 230, ——

250 ard 280, 5] —l

Set pressures [psil; 1160, 1450, 1815, 2030, 2370, 7540, 2755, | _‘/_,

3045, 3335, 3825 and 4060, 200 ——

Alternatively, the motor ports can be suppliec with an ani-cavi- —T :

lation valve only, or witha Y-plug that blocks complelely the con- 150 '

mection between the tank and the motar port, within 1he block. T

100 e T _1
g 50 el I
25 50 /o 108 130
q {lmin)

Make up characteristics Apibar]  Anti-cavitation characlenstics

Gurve 1 shows the pressure drop betwean the qank conneciion A

and the motor port, when the PLC 082 is Lsed as an anti-cavi- and— i ; ¢

falon valve, /

Curve 2 shows the pressure drop beiween the tank connec-

fior: anc the mevar part, when an anii cavitatior valve withoul a /

rediet valve funchion s used. 20 / L
T 7
2

pd

20 4D 60 80 {00 120
q {l/min}
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DESCRIPTION
FUNCTION

Fluids are practically
incompressitile and cannot
iherefare store pressure énerdy.

The compressibility of a gas
{nitrogen) s ulilised n
hydra-pneumalic accurmnulators
for skoring fluids. HYDAC bladder
accamulators are hased on

this arinciple, using nitrogen as
the compressible medium.

The bladder accumulator
canzsisls of 2 fluid section and

a gas section with the bladder
achng as a gas-proof scroen.
The fluid around the bladder

is connected with the hydraulic
circuit, 5o that the bladder
accumulator draws in luid when
pressure ncreases and the gas
£ comprassed, When the
pressure drops, the compressead
gas expands and forces the
asfored fud inta the circuit.

1.2. CONSTRUCTION
Sea’ing S Valve
cap protection
Gag valve - cap
L ek nul

1.2.1.

1.2.2,

1.2.3.

Sheh
Y

Constraction

HYDAC bladder accumulators
sonsist of 2 welded or forged
pressure vessel, an accumulator
hiadrer and valves for gas and
oif inlet. The gas and oil sides are
separated by the bladder.

Bladder Materials
The: inllowing elastomers are
available as standard:

HMBR {acrylomitnle utadiene
rubber, Perbunan)

'R {butyl rubber)
FPM (fuore rubber, Viton)

ECO (ethylene oxide
epichiorohydrin rubber)

Thase depend on the respective
operating medium and
temperature,

Corrosion Pratection

For use with chemically
aggressive media the
accumulator shell can be
supplied wilk corrosion
protection, s.ch as plastio
coaling on the inside or chamical
nickel plating. If this is
insulficient, then near'y all types
can also be supplied in stainless
strel.

1.3. MOUNIING POSITION

1.4

HYDAC bladder accumuiators
can by installed vertically,
horizontally and at a slert
‘When nstalling vertically or at
a slant, the ol valve must be
alt the bottom. On certain
applications listed below,
particular positions are
preicrable;

gnergy storage: vertical
pulsation damping: any pos:tion
from horizonta! 1o vertical
maintaining corstant pressure
any posiion from norizontal to
vertical

volume compensation: veriical

If the mounting posilion is
harnzantal or al a slant the
effective volume ard the maximal
permissibte fluid flow rate is
reduced.

TYPE OF MOUNTING

By using an approprate adaplor,
HYDAC accumulators, up o s17e
11, can be mounted directly
inline

For slrong vibrations and
voaflumes above 11,

we recommend the use ol our
accumulator supporis or
accumuiator mounting sel.
|Brochure "Accumulator
Supportz” no. 2502 )

AUV e
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PILOT OPERATED SPOOL

158202 BRAKE SEQUENCE VALVE

OUTLLT (2}

acr .___,_I_r-cnl___

TANK { 3]

INLET (1)

[

. T T —

T T T T T "
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APPLICATION

This valve provides 2 rmeans of supplying ol o the oullet
frorn Ihe inlet when a pre-sel pressure is reached. On
termnoval of this pressure, inlet closes opening outiet 1o
lank. ldeal for usa in braking systems where a pressure Ig
requirad in the main sysiem before the brake is removed.

OPERATION

When pressure in tha inlet exceeds the scl pressure, flow
is allowed from inlel to antlet closing ofl Ihe tank line.
When the inlet pressure is removed, the spool returns o ite
normal position, apering the eutlel port to fank and closing
the inket porl.

PRESSURE DROP
FLOW-LUS GPM
8 .28 51 3.75 5
10 | 45
c, Vi
8
V 108.75
? _
@ 1-8 -
s 6 g
€ s 25 £
4
g, | A Z
2 | 7 =
3 / -
% 95
5 A _
]
L] o

a 2 4+ & B a0 12 14
FLow LITRES/HIN

182 20

' FEATURES

Cartridge design enatling speedy servicing when mounted
in & body orina camposita manilold,

SPECIFICATIONS

Figures based on:

Rated Fiow

Cil Temp  40°C

Viscosily - 40 ¢S5t

[ 20 litres/min (5 US GPM)

Max Pressure

I 350 bar (5000 psh

Pilot Pressure

‘ i5 to 140 bar (217 1o 2000 psi)

Cartridge Material

Waorking parts hardened and gmund
steel. External surfaces lectraless
rickel plaled

‘Body Material

I Slandard aluminium
Add suftix '377 ior stesl option

Mounting Positien

Unresiricted

Cavity Number

ARSTZ (See Section 17)

Torgue Cartridge
| into Cavity

| A0 MM (44 1bs fi)

IWeight

15B202
18B252

0.24 kg {0.53 Ibs)
0.64 kg (1.40 Ibs)

Seal Kit Number

SK335 (Netrile) SK333V [Vitan)

Recommended
Filtration Levet

B3554G/4

Class 18/13 (25 micron nominal)

Operating Temp

-20°C to +80°C

Leakage

35 millilitresfmin @ 210 bar

Range

Nominal Ulscosny' & 1o 500 51

Integrated Hydraulics Limited

Collins Road, Healhcote Indusirial Estate, Warwick, CVa4 &5TF, England.

13-131.4

Tel: {01926) 881171

Fax: (01926) 31572



Hand Pump 45¢¢/Cycle with Lever
+ Relief Valve + 5 Litre reservoir

Specifications

U Double Acting Hand Pump with Lever
O Complete with Reservolr
(A 45 e/e per cycle
Q ddjustable Relief Vaive
[ Stainless Steef Pision Rod
Q Pump cartridge is all steel construction
U Hi-Strength Aluminium Body
Lt Nickel Plated Steel Parts
{1 Low Operating kffort
d fligh Quality, ISO.9004
O Rugged Construction .
Il Low leakage
iLong Life, Hard Wearing
1 Bunu seals are Standard
LI Reservoir. -
33 Litre capacity
Q High Strength Alwminiun
U c/w Nickel plated screws
1 Gasket
[ Breather Plug
LY Suction ftube to suir

D Weight 6.2 Kg
¥ Pump suitable for use with-
D ISOHM VG 32 Hydraulic O1l

OMPM 451, VS 85

Single
Acling

3/8" BSP Male

AN

5%

Actuator

Pressure Relief

— VValve

Monniing Instructions see page 16

48




The Haskel range of Liquid Pumps

The Fellawing illustrates seme design features of the basic pamp types
available. rom the smalles] 13 bp series Lo the Yacge 10 hp high cutput
SeTIes.

Haskel pumps were designed to meet an inereasing demand far an
pegnomucal, campacl and poriabte cource of bydraulic pressure. They are
available in a wide varirty of liquid seclion seq!rma!erials {lisied on page 9)
sa that the user can select the best combinations! malerials (o suit the liguid
to be pumped. i

1/3 hp M Series

Power sutput s neminally 173 hp at 5.86 bar (85°psi) air drive pressure, and up to
% hp. at B.B2 har (125 psi] air drive pressuce. -

Capahle of penerating pressures up to 1000 bar (15.000 psi] except the

stainless sieel versions MS, MCP and 20723 models whish have a maximum
pressure of 700 bar [10,000 psi).

Flow rales up to 10 ltmin (B0O0 cu. inJmin.]

AN inodels operate hetween 1.8 and 9 bar (25 and 1235 psij air dvive pressure,

24 different models available, :

Cross section of mini-pump

c

1
*

& Alr Drive
Filst 4 Intet Port

"
i
.
.
’

Merailng
Brackel

Alr Orlue
End Cap

Air Cyallag Yalue Mr Il

Mr Barrel

Relurn
Sprimg

Bydrinlic
End Cip

Cutlet
Lhinek
Valve

' "ﬁhlﬂu LIl
I Sullet
Exhaust $Hencer .
Bydreuliz
&Eal

Mauniing Ecacker

R Inlel Check Value
Hydraulic Malen N

Liguld Iniet

A separalion chamber with veni lo stmosphere s provided abave the Hydraulic
Piston on all series sxcept M and M8,

Nin-alumieum versinn 2vailable

3/4 hp 1" Stroke 47 Series

Haskel 4” Sevies Air Driven Pumps develop a full 3¢4 hydraulic hp nutput with
5.9 bar [85 psi) air drive [al approximately 70% of stallj. ‘They can hardic
many of ine requiremenis that previously necded & step u}) ta 1 hp or 1-1/2

ho vhadels, Yet their ecanomical cesign provides a cost eflectiva and compact
cnvelope low in weight.

The 4 series takes full advantage of Paskel's 24 years of proven design bagics:
For reliable starl np under full Toad, an unbalaneced, oir pilated, a-way valve
cycling \ke drive cylinder and needing no air line lubirication; external air pilol
option for remaole stari/slop conirol; rugged wear compensating plunger seal
desipn. Al srainless sieel inlet and outlet ball cheek velves in the famillar
Haskel caged spring and “semi-soft” seal desi?n are slandacd, The desizn
zlso induges ready mocess o all moving parts for simple in-linbse maintenance.

)

s
L

2 hp Iripla Ar head BYHW 003 pudhl




1.5 ho AW-35 pump

Why use air driven
pumps?

Whilsl compressed afr ic nol 1he
cheapest form of enprpy 10 drive 2
pump it has many inkerent aperaiing
advantages which far outweigh any
operating cosl factar.

1. Compressed air used as 3 powent
drive reduces risks of excessive
heal, [leme. spark ar shock which
are symplomanie of £lecircal
drives.

2. Wuhanair drive, c:ﬂcllng sneads
are infimitely variable belween
zerp and ‘maximura giving the
ability 10 vary pump suipnt flow
thues “affering many operational
benefits.

4. The pressure the pump is capable
of penerating is dlrectry
proportivnal ia 'he aw drive
pressure. The pump oullel
oressure is directly variable by
rapulating e a:r drive pressure.

a4 Boliled gos, beil-oif fram a liguid
gas lanf or natura) melhane gas
can be used as an allernative
ta drive the pump 1hus affering a
carmplelely self conlained power
unit independant of external
power soUrces,

5 An ait driven pump senses and
respands 1o the anlle: candilion.
Inatially 1he pump is used 1o
Tranafer (eid thos fifling The outlel
cueuil which means Lhal the
pump cyrling raie is al maximum.
Ac the circuit becomes filled and
nullel prassure builds up the
eyeling rale progressively reduces
unnl a slall condilion is
reached, [i.e. Lhe air drive pressurs
limes the pump ratio equals
the nutlet prnssuref. Thas stall
pressure can be held indefinitely
withoal any further consomptian
af energy. generalion of heat or
wearing ol componenls, When the
outlel pressure is reduced—(due 1o
use of the flnid or leak) the
pump will automalically restas
and will cycle undsd the stall
candition i5 reached.

#. The insiallalign operation and
mainlenance of an airdriven pump
i simpier thar the equiva!onl
eleclrical pump. Sgvvice is
rarricd oul by a mechanic without
having ta call an the separale
skills of an electrician.

7. Haskel air driven pumps are more
capable of generating ulira-high
pressures—up te 7000 har
(1001000 psi] in one slape.

2 Haskel air drwven pumps are
mere compacl, robusl and reliable,
There is no metal ta metal conlacl
ard the seal life is longer because
of slower piston speeds.

.

4

3
t]
E

Pr-..._,::ciple oif Operation

Hag® -l air driven liguid pumps waork on an sutemalic recipencaling
diffg entisl area piston principle tha uscs a large area air drive pisinn
conngrted Lo a smaMer area hydraulic pislan (o convert compressed air power intp

hydraulic power,

The nominal ratio between Lhe area of the zir drive piston and the hvdraylie
driven piston :5 indicated hy the number in the model descriplion and
appraximates the maximuim pressuce the pump is capable of generating.
Unlike clther air driven puinps the aciual ratin s approximately 154 hisher
than the nominal so that the pump will still eycle when the rafia of the
aulput hydrawiic preszure 10 the air drive pressure equals (he nominal ralia.

For exaraple an AW-15 has an aclual ratio of a1,

Example

If ai!‘}drive pislon area =
anddiquid pistap area =16 sq. cm.
therf hetual pump ratin = 4001

and nominal pymp ralio = 35:1

If aif drive pressure
the maximum outlet
pressure - % x33- 175 bar
If the air drive _,""
presgure ig thereased

ls 7 Bar then maximnm

outlel pressure will be 245 bar

=5 bar

o

When campressed air is lirsl applied
in ihe pumgp il will ryele al i
maxiinum spesd produsing maximum
flaw®ind ael as a transler pump
[illir'd the pressure receiver wilth
liqu.ij . The {mmp will then gradually
slarqéo cycle at a slower rale as the
e in the recgiver incresases
‘eTs more resistance Io the
reci, .xcaling differential pislon
assel- bly. nntil it stops jstalls) when
a balance of forces is reached.
$.e. 'when—air drive pressure x air
drive piston area = slall pressure x
driven hydraulic pistion area.

The hydraulic pressure drop
{hysleresis| reguired to cause the
Haskel air driven pump to reslart is
cextremely small due Lo the very fow
frictianal resistance pflered by the
large dizrneter air drive piston seal.

Double and Triple Air Head
Pumps

The perfarmance of the pumps in the
1.5 horga pawar (hp| range can be
exlended by siacking air nislons on
lop of cach other lo double or triple the
intensilication radio, without
changing (he hydraulic pistsd. The
double or trip.e air head pumps
nOMSNME (055 air lthan commpetntars
pumps with a single aic piston of
equivalent ares since anly ane of the
two ar three heads is pressprised on
the rafurn stroke.

The .!},g-jdi!ion of a second and thicd aic
headi"ncreased the pump hp fram
approximaiely 1.5 1o 2 hp,

Doy air head pumps are identified
laat digit 2 in the pump medel
nurt.: . Thug, a naminal 25:1 ratio
pum ivith two air heads is deseribed
as a= 32, Similatly, a iriple air head
pump is identified with a last digit .
Thus a 900 ratio pump with 3 air
heads is described as a—003,

Horsepower ratings
Harsepower ratings peax at 7 har
{100 psi] air drive pressure and are
appraximale. They assume an ample
air supply al adequate siv pressure at
the pump. Freezing of exhaust
mui?lers an humid days. inadequale
arr drive pipe line sizes. dirty air
lilters, ete can effez] the per‘lkclrm'anr,e
of any pump. Peak hnis ahiained at
approximately 75% of aominal ratwe
» air drive pressuce -
te. 100:1 pump being driven al 7 bar
L‘iﬂﬂ psi] will produce peak powaer at 2
ydraulic putpul pressure of 100 x 100
% {.75 = 517 bar (7360 psi)
approximately,

Mr Drive
Flaron

el prodaling
Oif¥erant |2k
Plelon Asgambly

Orlvan Plalon
Hydrawllc

£ g cm o2 S Dt

G 0 cm & 200 bar

Deuble Air Head Pump

Argd 400 15, cm
[P T e e A 2 ]

Ared 380 og. cm

hrea i0 ag. cm

Thoratare asluat Fatlo = %1
Heminal eatlo - 72:1

Pump Madel and Seal

Coding
L]

1" Blroke 142 hp mim puma
SEries,

s Currosiun resistant hydeaulie
prston wnd baedy.
MOP 1:3 hp Chemical Purmp.

3 |Prefiw] Pump ncarpurales o Distanee

Pienr.

b [Buflix) Double Acting Pump.
a~

17 Stroke 34 hp Purop Series

iy 2* Stroke 1.5 + 2 hp Pump Series

H 27 Seroke 1.5 + 2 ho Hiph
Pressure Pump Series.

XH 2" Siroke 1.5 + 2 hp Extreme
High 1*eessure Fump Series,

c 4" Sirake 6 hp Pomp Serics.

14" 4" Stroke 10 bp Pump Series

W Pelyvireibans Usiup dyiamic
seul.

F HHMWEE [{Ultra-high molecular
weolght palyethylene seal)
Retnforced Teflan dyaamie
seal.

W YWilgn O Ring static seal.

-C Air Controdg including Exhaust
Silencer.

-0 Exhausl Silencer onty.
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Introducing Haskel air driven liguid pumps

The Haskel ranye of lignd Eumps. accessories, medificalions and
ophions is he mast comprehensive avalable and

ailows the construclion of tesl sysiem:Zand rigs to precise
design paramelers 1o meel cuslomers elacting specilications.

Haskel air driven pumps offer many ad flentages over conventional
elecirical driven units as [ollows: i

a  Abliliy to slall al any predetermine _tlpressure and hold this
‘ixed pressure withoot esnsuming [ wer oF generating heat,
No neal, flame or spark risk. Sy

infintiely variable eycling speed and oulpul.

Up to 70081 bar (106,000 psi) pressure capability.

Easy tn apply aulomalic controls,

Nodimil or adverse eflect to conlinuous stepsstart applications.
Air drive dues nol require an external line lubricator thus
savine on ruaning cost and prevenling oil vapour conlaminalion
of the surrounding environmeni.

e Reliable. easy |0 maintain, compacilérd robust.

Haskel pumps use patented seal systems to give a long working
tife and are capabie of successfully poinping and pressurising a
wide variety of ligquids. E '

Haske! producls are backed by an inlermational Network of highly
irained Distribulars wilh application engineering expertise who
can provide a complete pmﬁlem solving service,

. Lidit SECTIONS OF PUTLP

a v 0 0 0 @

What is a Haskel air driven liqguid pump?

Ar air driven pump consists of:

1. AIR DRIVE SECTION—This consigls af a light weight inerlia reducing
piston complate with "Q ring seal inside an epoxy filled wound f:‘breg!assqharre].
The diameter of the air piston is consianl jor any sertes of air driven pumps,
When compressed atr is fed inlo the awr drive idorces the pistan down on the
compression stroke. The air then drives (he pisiin back on the suclion stroke
lexcepl in the case of the M series ppmps w ichihave a spring retural. Air drive
tine |ubricators are nal required nor desiced c‘.uéj_{.u the inherent low Erigtion
characleristics of the design and pre-lubrication '[‘-riuring assembly.

2 {IYDRAULIC SECTION—The bydraulic pid inis dicectly linked to the air
pision and its lpwer poriton s housed inside (1 hydraulie body. Tis diameter
determines Lhe catio ol the pump (for any parhwalar series) which :n furn
delermines the oullel flow and maximum pressire capability. [ts function 5 10
induce liquid inio the hydraulic boady through the inlet check valve and farce it
st IhFeugh the autlel check valve at a higher pressurt.

3. AIR CYCLING VALVE— This consisis of a pilot cperated unbalanced light
weighl spooi which channels the compressed air first to the top of the piston
(hen Io the underside causing il lo FeCiprocale {cyc.e). The air ptslen acluates 3. Alr Cyaling Valve
pilat valves at the top and botiom of its sitoke which canses Lhe unbalanced Basunbly
spool to reciprocale thus re-directing the Flow of air. The air is exhausted from

t.Ee apmp through an exhaust silencer.

Exhaual Silencef

4. HYDRAULIC SEAL- Tihis encircles the hydraulic msiuon and is one of the
few wearing parts. s fonetion is to allow Lhe hydraulic pisies io reciprocale
without lelting ary higuid pass into the air drive. Gilferent materials and
configuralions are nsed based on the spetifization of the lignid 1o be pumped.
termperalute ot Lhe liguid and the pressvce o Le generated,

MN.B. With moesl HaZkel pomps a dislance piece can be incarporated between the
air drive seelion and Lhe hydraulic sectian for cogmplete separalion apd
canlaminanl {ree operailon.

5 CHECK VALVES—These are spring loaded non-return values thal control the
imlet and oullet liguid inta and oul ol ihe pump. When the hydcaulic piston is on
the suction slroke the inlel check valve apens 1o the maximum, the liguid is
inducid inte the pump whilst the outlel check valve is held tlnsed by its spring.
On Ihe pressure siroke the inlet check valve is closed as the hydraulic piston
aressurges Lhe liguid oul through the autlel chick valve.
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5. Lhaek Yalves

SEE M-LP20, M-LPz5, M-LP26, M-LP4ard6, M-LP 14° HASKEL LEAFLETS FOR
TECHNICAL SPECIFICATIONS AND PERFORMANCE DATA ON THE:

1/3 hp M-Series Pumps 1/4 hp Series Pumps 1.5-2 hp A, X and H Series Pumps
K hn (-Semes Pamns 10 hp 19" Series Pumps
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Accepiable operating
temperature for HHaskel

Liquid Pumps

Thaere ore 'we dislinct seclions: The
air drive section and ke liquid
pumy section.

AIR DRIVE SECTION

The ambient zir conditton s nermally
al. I1hal need be censidered since thiz
will weually deteraing Lhe
temperatura of the air or gus drive
seals and eiher slaliz components
Standerd gir drive sections shauld
cycle reliably within an ambiend
range ol —4'C 1o B45°C [10° 1o
150°T 1, Lower lempersiurca well cause
eucmssive aieigas |eakage, higher
lemperatures and tedured seal hife.
Urrve mit dieeetly from 2 compressor
stould wdeally be worm befors
cruering the airiges drive, See page 1]
far law 1eenperaiure modifinarion.
LIQUID SECTIQN

Low lemperatures normaliy hoave Linge
effect on the operation of slandard
parts and seals The mo:l importani
cansburslivm i3 the £ffect nn the
liguid either freezing or an increase 1o
viscosidy fwhich can generate
tavination on the suetion sicokel. For
reasonable zcal life Lemperaturs
shoald ke 329 to 534°C 1125% 1o 130°F)
For the 'E ar "W seal 13590 [275"F) far
the “T or “TV seal models [with
distamee pieae|. See pase 11 for
dauble distance prete spnan

for the hydraulic pision. Haskels

expertise in this field is considerable.

Longer life and mote versatile seals

are conlinuall

being developed, the

most recent addition is UHMWPRE
(Utra High Molecular Weighl

Service
Code

b

code rumbers are Telerred to Io the 12
which can satisfaclorfly pumd and pressurise gach (ype of Hgwd.

Petroieum base 0ifs. Kerosene. Diesel fuel waler with & % soluble oil
Paln water, s2a water . .
Most Phosphate Esler base dire resisiant hydraulic Nuids: 2. Pydraal. Lindol.
Cellulube, Fyrguel, and Houghtosale 1120 and some Petraleum base solvents
rompalible with UHNTWPE [Hitra High Molzcular Weight Palyethylene} dynamic. and
Viton slalic seals. .
Pelroleum base sovenls e.q. Boror juels. Aromalic Wydrocarbons, {Beszene, Taluede,
zllene, Hyleng, elc.}: Chlorenated solvents, {Trichlorethylene Carbon Tetrachloride.
Chlorobenzene, etc.[: Mercaptans. Dowtharm &, Flusronzled salvenls [Fluerebshzene,
Fluorochioreikylene, etc.}: Oowlherm k. plos all of greup 3 plus some mildfy earrosive

sed

extends

1fquids compatible wiili Haslkel Pumps

Dh_'e of the more impariani leatures of
the Haskel pump is the seal assembly

Palf'ethyiene] cotde name ‘T This new
ump cycle life over 100

times. Tdeal foT tap waler, sea water

and deionised/demineraliser

water, Operaling pressures up 1o 4827

bar

seal

70.000
ife wit

EsiL Hydraulic piston

rnon-lubricating ‘luids
will understandably be less than with nils.

The fellowing llquids are classified in ﬁmups and alfocated a service code nember. The service
ble helaw which indlcales Ihe medels and rativs ol purmps

acids compallble with wetted materials. See note 5A for service with Methyl-Ethyl-

Ketone, Wethyl Acetone, Diacelone, Alcahol. Frean 27,

;Slwdrnl ialnrl erosale hycravtic Huid. Acelung and some Alcehols JE(hy|. Methyt and
searopl.
Also su};ahle fur these luids 4 Viton Siatic Seals re

maditicaiian number 2133 [nn exira chargel e.9. 5

Oeionized weter. Cemineralized waler.

jaced with EPR. specify
331-0F-RD.

Nots Dynamic seal ltte wilh non-lubiricaling Iuids wsll underslandably be less than

wilh lwhbricatiag Iypes.

TR
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£ 7,
INEET ARD BUTLET CHECK VALVES
FUMF SERIES| SERWICE | SEAL PACKAGE BUME 5a0Y FISTON BEARINGS FITTINGS TG JICS
H 1 Polyurethane |W) Badlum Pran Carba1 e 416 58 BRE 554 Brenze 137 Leld Fin p13 [T
- Cadiam Plaled
ME 1.2 UHMWPL IF| 303 58 1'6 83 Arnealed f1E34 Rylan 341 55 k11313 Kb
MLF 1.2.3.45. Teltan Tt 303 &3 t5.5Fk &5 Annealed R1224 Ryisn 303 58 315 88 Ha
2978 [FEEY N UHH'WPE [F| 30 83 155Ph &85 Annesled R1E34 Rylan 303 5% IESE HA
MOTY  [1354 Fellon {T) 2nd Ylan (Y] Disphragm—Abom inia Plefon Head 302 55 Annzaled R1834 Rytan s 8 316 55 Aullel 103 55
Bariel—316 55 Plzlon Rud —416 85 Reitecced Tellan L] A Inte! ¥5.5PH 82
.| End Gap—htomintuz
MOSYV | 122458 Tellon [T and Viton W) Blapheaga—343 55 Prston Head =383 §3 Anczated R1B4 Rytin Out-a 303 5%
Esrrei—-315 8% Pisian Rod—415 55 Reinturced §efor LT Hi inlet 15.5PH BS
End Cap—307 52
14 (2 UHMWPE |F) Andized L1 Ryt 383 88 ARES HA
1 Cagl AMumiplum Lorregion resisint
PulyLrehane (] !‘;
4B 55080 |2 LIHMWFL IF| Anodi 2 ed i} 416 Ryl 355 MR LE]
ar Casl AlyminiyT r Cores by reslstan)
Palyurtihare Wi with A IS1 M Iraer
1] - Falyyrelhane 1Y) ant Buna-N | Hickel Plaind l:iril;!.}‘*ol Ehramaiey | 440-C 33 Alcmerium Bronze i3 53 31655 L1}
reel
AFD 1 LI WPE {F Hickel Plated £31 418 58 Aleroniom Branse 415 5% 1IE & $A3-L NR
53
Hard Chromed Plated
ASF 12 Ratios B10 805, B2¢ BAZ— | 303 &5 440-T 55 feinforced Teftan EN ) e ss HA
UMM PE [F) ane Rylon
HF 1 20584 {dher Ratlex Kitka| Piuted Carhom ar Chrgmoloy | 430-C 85 dluminivm Brenze an se 316 58 L
Steed
05F 1233A5 | URAWPE [F| Ryton & Vitan | 303 §§ 440G 38 feinforced Tellon 303 88 RH v i1}
HW 17 Folyuratharw (W] & Busatt | hickel Plaled Chromaloy Steel Ste lite Bluminism Branze 155PH 5% 440 58 HA
H5F Ig UkmwPE (F| 15.5FH 33 Shelite Rzinterced Telbon i55PH 43 HO 85 HA
F 1245 UHKWPE (Fy Higke! Plalgd Lheamatey Sleel Sieille Alumimium Branze 155PH 85 240 8% A
ASHF 12356 UHMWPE F] 15-580 83 Shelibse Aenterced Tullen 15.5YK 35 440 85 [}
OXHF 1235 UHMWEE iF) Hiciek Flaled Chramaloy Steel— Slellle Alumdnlum Broate 155 35 HO S5 Nh
Auta-trellaged
O3XHW 12356 UHMWPE [F) 15-50H 45 Aule-Fratgod Sl ine felxlorced Telon IS 5PK 83 440 35 Nk
NSty "LLadsa Tetlon (7] and Witen [V 30 &3 Haed Chrm. Pitd. $40-E 55 felnlorced Tetan 3 35 36 33 KR
KT 1.2 Tetion {1| srd Viion V] Aleminfym Bronte, 304 35 Linor 233 53 Retnlarced §eflon 163 3% A6 55 Na
0744 1258 Tellon [T] and Vilon [¥) duminlum &ronze, 304 55 Llnae 33 3 Pefnlarced Tefon W 5§ a6 5% L]
DETw-15  [1.2.345805 | Telten ITh 300 ¥ion (v) 303 58 11.4PH 55 Felnfarced Tedtan 1T 7PH 88 318 83 b4
2 Kalloc BIY, A15. B22 & 832 1 302 Rallo 15 hard
Chreme Floled 240-G 85
G 1 Priyurethane (W] 16 55 & Wickol Piated 4340 Stael Fi:lansﬂ ad—Chrome Flajed bronze ha ML 58 3 88
4340 Stexl
Flatst fed 302 58
GSF 1.2 WHMWFE ] 418 58 A I7.4PH 28 Plainn Haag— |5 5PH 58 Rylen B 406 35 303 33
Phalan Rad 383 3. .
OGF 1154 UHRWPE IR 410 55 & fickel Pioded 4340 Stewl | Plstan Head —ERrome Plaied fylon LT 400 85 W1ss
4440 Size.
Flafon Red—343 85
OGSF 121548 | UNRWFT [F) 410 85 or 17.4PK 83 Plxtan Aed—30) 5§ Rivion Wi MG 5E 303 55
Platun Head —1558H 55 :
BGSTY 123454 Tutton fT] ans Whien [¥] 4R 8% or 17.4PH 35 Plxion Hed I8 5% Aylan HA e 52 09 &%
2D 1 Putyurathzne [ Mickel Plated 1715 £1e8l Platan Hesg=15.5PH 58 Bronte 309 B e 139 W3 aE
i} Piston Hod—304 55
£
BSFO 1.2 UHHWRE IF| 318 and 1SSPH S Fimgn Head—155FH 83 Rylen i cBt 318 85 303 33
1 Pialon Rod—M03 55
OGFD 1.154 UK PE [F 316 and 1h.5PH 85 Flyia Bed—312 85 Rylen 353 58 ENL 31 33 88
DESFD 12350 & | UNMWMPE IF 306 and 13300 S, Pleran Red—34000 5% Ryicn ol 116 53 A 53
0GETVE | 2345 Tadien (Th and Vilan (4 316 and I55PH 55 Plston Rod=—3G61 S Ryion 358 11638 363 58
0¥4376-125 |1.2.04546 Twlon i1 and Witan V) I5.5FH Eloclis Po. 3d 58 155PH 58 $4F A& Bronre 155PH 85 17 4PH 58 WA
DI4ST0-615 [ 1234845 | Tolton [T} mnd Ullon [V 155FH Elactro Poh. =l 55 Fo5PH 58 FAE 660 Bronte 1557H 33 17.4rH 55 L]
045Fh125 | 1LALGAG DAMWFE [F 12.5PH &lecire Pollshed 33 Tungsen Carblde Etd, 155PH 85 Rylon 15.5PH 5 17.4PH 53 HA
D145F0-31S | LA35A6 Tallon |Ti. Wlom (V) 15.5P% Eloctre Pollshed 85 Tungaien Corbede Crg, i5.5PH 55 iiyton 15.5PH 55 11.4APH 55 ik
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Instaliation

Dimensions ICT4
(mm)

M5 (dx)

Tightening
forque = 0,2 Nm

160

Tightening

torque =0,5Nm |':|.

ICS4/1CT4
Dimensions ICS4 M4 (4x)
{mm) Tightening

B

Circuit diagram
Next [C34/1CT4
4 (+}

I e
TR G
e e R ]

max
100 mA Emergency
. 3 ]
10
| )
- +
U8 EEQ]] Battery
h D '
b i

Cable tength ¢ - 5 m. area min 0,5 mm2

Cable length 5 - 30 m (max), area min 8,75 mm?
(1,2, 8,913}

Battery (+, -) cable area min 1,0 mm# (3, 4, 10, 11)

No CRF .
. + |
7
(2] 2]« ][s][e][7]
ﬁ_o]ﬂ 1214l ”
< i
i
f
|
|
[
l
|
I
|
L

of CRF Cabie length max 0.5 m N
_ . Gable,area min 0,25 mm?
(387,72, 19)
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