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Chapter Ident.nr Parts list Title Rev
1 3004323 Arrangement FS 2500 - 450/1510 BO
3004330 Block diagram thruster control 2500 range
. Classification data
. Main technical data
. 3000514 Lips Thrusters paint specification

2017120 T073010061

Floating shaft

2017114 T073010062

Brake assembly

1054637 T073010064

Brake system

1009908

Disc brake caliper

2016915 T073000041

Upper gearbox complete

2017123 T073010042

Flange assembly

NN NN NN NN = e e
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. 2007337 Mounting instructions taper fit (steel-steel)
. 2051935 Mounting of flange
2.3 2006192 Taper fit: blank form
2.3 3004611 T073010044 Assembly switch
2.4 3016917 T073010021 Stem section
2.4.1 2013110 T073010023 Steering unit
SeleX. ) 2013108 Hydraulic motor SAI M2 series _]
2.4:1.1 2016665 Hydraulic motor components
2.4.1.2 2013109 Planetary reduction gear
2.4:1.2 3001656 Mounting ring
_3.4.1.3 2014339 T073010024 Azimuth feedback unit i
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2.4.1.3 3002491 Azimuth feedback unit 1

2.4.1.3 2010530 T073010035 Transmitter foundation 4

2.5 3004049 T073010022 Intermediate shaft 0

2.6 1017991 T073010014 Shank assembly 5
|[2.7 2013539 T073000011 Lower gearbox F2500 8

24°F 2001357 T073010016 Fin 2

2.7 W007090364 W007090364 Thruster seal assembly C
||2.B 1017990 T073010013 Propeller assembly &

2.8 2006192 Keyless propeller mounting

2.8 2006192 Taper fit: blank form

2.8 Keyless propeller fit: calculation sheet

2.8 1016061 T073010018 Propeller mounting 6

2.8.1 W009953103 W009953205 F.P. Propeller 0

2:9 2016967 T073010017 Anode plan type 2500 1
" 3 3002698 T073010080 Well-box 0
|| 3 2017106 Well-box 3

3.1 3003802 | T073010083 | Adjustable thrust blocks 0

< (o 3003801 Installation of can with adjustable thrust blocks 1

4 TN 24.006E General operating and maintenance instructions

4 3000092 sh.2 Table of lubricants
n 4 3004137 Flushing of hydraulic systems

4 3004327 | TO073010070 | Hydraulic diagram 0
n 4 3004329 H¥draulic power pack steering agatem 0
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5 3000092 sh.2 Table of lubricants

5 3004325 Lubrication system 0
5 3004355| TO073010051 | Tank-filter-cooler unit 0
5 2017090| TO073010052 | Pump unit 1
5 2017171| TO073010057 | Lube o0il and hydraulic conn. on well-box 2
5 2016763 T073010053 Upper gearbox lube o0il parts 1
5 2016765 | TO073010058 | Three-way valve assembly 1
6.3.8 W000810409 Lay-out MCS panel

6.3.8 W000810410 Lay-out bridge panel port

6.3.8 W000810411 Lay-out bridge panel stbd

6.3.8 W000810412 Lay-out bridge panel control transfer

6.3.8 W000810413 Lay-out MCS panel control transfer

6.3.8 W000810407 Cable and connection diagram

6.3.8 W000810408 Electric diagram

6.3.8 W000810406 Control cabinet

6.3.9 W000808426 CAT (Coordinating Azimuth Thruster control module) C
6.3.9 W000808226 CAT (Coordinating Azimuth Thruster control module) -
B8:3:9 W000808578 LU A
6.3.9 W000808702 PPM B
6.3.9 w000808848 ST A
6.3.9 W000808646 ISV B
6.3.9 W000806455 RIM E
6.3.9 W000807760 RIM -
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6.3.9 woo00808827 WB A
7 General survey of activities to be carried out
during commissioning and testing
8 Maintenance
8 Sampling instruction "AGOR NOAA"
8.1 Non-operation period
8.2 2050610 | T072990096 | Pumpset for (dis)mounting taper & cylind. fits
9 2050443 Torque manual E
9 2005099 Information on "Loctite" products
9 2007926 Assembly instructions lube and hydraulic piping 2
9 2010625 Mounting, maintenance and lubrication instructions
for curved tooth couplings
9 Instructions for mounting and storing hydraulic
motors
9 Trouble shooting hydraulic motor failure
9 3004163 Hydraulic steering motor: Motor strip-down
( procedure
9 "Brevini Nederland" instructions
9 TO03004075 Method of seal replacement "Waukesha" propeller
shaft seal
9 2017276 Work procedure for watertight pouring of thruster
foundation
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INTRODUCTION
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INTRODUCTION
General

The AGOR NOAA is equipped with two fixed pitch steerable stern
thrusters, type FS$2500-450/1510 BO.
For arrangement see drawing 3004323.

Both independently operating thrusters are single or dual
controlled.

Note: starboard thruster is not identical to port-side
thruster (different direction of rotation).

Each thruster is built up from a number of sub-assemblies
accomodated in a fabricated steel structure (well-box).

The vessel is fitted with a vertical well, running from the
vessel's bottom to its interior, to receive the well-box.
The well-box top cover plate is bolted on to the well top
chord. On the lower side the created forced are transmitted
through adjustable thrust blocks.

The upper side of the recess in the well-box which accomodates
the thruster stem section is closed by the steering gearbox.
The lower gearbox with propeller is connected to the steering
pipe which projects from the vessels bottom.

Auxiliaries, such as hydraulic units for steering and cooler,
are arranged close to the thruster.

ste

The power of the horizontal prime mover is transmitted through
a floating shaft to the input shaft of the upper gearbox.
Between prime mover and thruster an electro-pneumatic
controlled holding disc brake is provided.

The secondary shaft of the upper gearbox is connected to the
primary shaft of the lower gearbox through a vertical
intermediate shaft.

Both gearboxes are fitted with spiral bevel gearsets, made of
special high quality forged steel, case hardened and fine
machined after hardening to Class 6 - DIN 3965 - (H.P.G.
process) or better.

The crown wheels as well as the pinions are independently
supported on both sides by anti-friction type bearings in
order to minimize deflections and to assure optimal teeth
contact under all load conditions.

The propeller shaft is fitted with a 4-bladed cunial mono-
block propeller.

The propeller shaft seal is a triple lip seal, running at a
liner with ceramic coating.
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The propeller gearbox is bolted to the steering pipe, which is
carried on roller bearings inside the support pipe, so that it
may be rotated around its vertical axis through the steering
gearbox connected to its top.

The steering gear is driven by geared hydraulic motors.

A triple lip seal with ceramic coated liner is provided
between the rotating steering pipe and the stationary support
pipe.

uxi s
Lubrication

The lower gearbox, including the space inside the steering
pipe, is fully flooded with lube o0il and provided with a
circulation system, consisting of electrically driven pump,
twin filters, header tank, controls and alarms.

The lube o0il pump takes suction from the lowest part of the
lower gearbox via suction pipe and rotary seal at the top of
the steering gearbox; return of oil via the inside of the
steering pipe.

The same suction line may be used to drain the lube oil from
the thruster in case of an oil change in case of an oil change
with the vessel afloat.

Due to the prescribed mounting height of the header tank a
positive pressure difference against the surrounding sea water
is maintained on the thruster's dynamic seals.

The unit is fully flooded under all conditions, thus
preventing any possible condensation.

Note: Failure of the lube o0il circulation pump does not affect
the proper lubrication of the gears.

The steering gearbox and the space between steering and
support pipes is completely filled with lubrication oil and
connected to the header tank to maintain a positive pressure
difference over the triple lip sea against the surrounding sea
water.

Note: The complete thruster unit is kept fully filled with
lube o0il to prevent corrosion by condensation.

The upper gearbox is fitted with a forged lubrication system,
consisting of a tandem pump unit, with circulation pump
(common with lower gearbox) and level pump,twin filters,
coolers, valves, controls and alarms (common with lower
gearbox) .

The level pump maintains the operational oil level in order to
minimize churning losses, however, when the thruster is idle
the upper gearbox is automatically flooded with lubrication
oil to prevent condensation.

Note: In the event of level pump failure the thruster may be
operated at reduced power.




E Llps TILELE

LIPS THRUSTERS DRUNEN B.V.

draulic steerin

The oil for steering is supplied by a electrically driven
hydraulic pump.

The oil flow to the steering motors is controlled between zero
and maximum for both directions of rotation.

The hydraulic powerpack includes all necessary elements for
proper functioning of the system, such as safety valves,
control valves, tank, cooler with thermostatic three-way
valve, pressure sensors and alarms and discharge filters.
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BLOCK DIAGRAM THRUSTER CONTROL 2500 RANGE *'eering speed: Z tpm.

Electrical power: Auxiliaries 480 V. 60 Hz. 3-phase Confrol instruments: 120 V 60Hz , Emergency supply 24 VOC

URWE.ND, INDEX

3004330

)

LUBE OIL
HEADERTANK

coolingwater Q=10 m3/h
max.35°, max.3 bar
Coolingcapacity 70 kW
AP=appr. 0.5 bar
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GENERAL AND TECHNICAL DATA
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P.O. Box 6

Lips Thrusters Drunen BV

5150 BB Drunen
The Netherlands

Classification Data Sheet

tel: +31 4163 88115
fax: +31 4163 76549

Date of issue 1994.10.24 PLEASE QUOTE THE ORDER NR. ON ALL DOCUMENTS
Order nr. T07300/01
Class Bureau ABS

Class notation

+ A1, + AMS, + ACCU, Ice Class CO, E

USCG (cf. Code of Federal Regulations, Title 46, Subchapter U and

NVIC 1-69 with encl. (1) and NVIC 6-84 "Guide for the automation

of Main and Auxiliary Machinery” resp. "Supplementary Guidance on

Automated Main and Auxiliary Machinary”).

Operation area Unrestricted
Owner Name U.S. Navy
Address
Country U.S.A.
Vessel Type Oceanographic Research Vessel
Main dimensions 80 x 15.8 x 8 mtr approx.
New / existing New
Name Class Designation: AGOR NOAA
Shipyard Name Halter Marine Inc.
Address Moss Point, MS
Country USA
Hull nr. 1417
Thruster Service type Main propulsion, DP
Number of units 2
Designation steerable, can-mounted stern thrusters
Type FS 2500-450 / 1510 BO
Propeller dia 3200 mm
Units per vessel 2
Prime mover Manufacturer G.E.
Type DC electric
Max. Cont. Rating 3000 HP (2206 kW) / 800 rpm
Ice Class Rating same
D.P. Rating same
Contract Rating
internal copies: file: T7301.CDS ID-nr: LTDAC
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MAIN TE

Thruster type

Input power
Input speed
Maximum input torque

Reduction ratio (total)

Project drawing
Block diagram

Direction of rotation of input
shaft (looking at thruster
input shaft)

Calculated life time gears

Propeller speed

Propeller diameter
Propeller manufactured and
finished to

Propeller material

Steering speed

Electrical power (yard supply)
- Auxiliaries

- Control instruments

- Emergency supply

- Lube o0il system
- Hydr. steering system

Cooling water requirements (temp.
- Lube o0il system
- Hydr. steering system

Weight units
- Thruster unit
(incl. well-box & o0il)
- Auxiliaries
Cathodic protection

Painting
Prime mover (supplied by others)

Power
Speed

Auxiliaries pump power consumption

wn aw e we e .

FS 2500-450/1510 BO
2206 kW

900 rpm.

25600 Nm.

5,077

3004323
3004330

SB: CW, PE: CON
infinite

177 rpm.
3200 mm. (4-blade FPP).

ISO 484/1-1981 (E) Class I
Cunial.

2 rpm.
480 V - 60 Hz

120 V - 60 Hz
24 V - DC

5 kW.
60 kW.

max. 38%C, press. 3 bar)

-

L1 .

appr. 10 m'/h
appr. 2,2 m/h

appr. 27900 kg.
appr. 1200 kg.
zinc anodes,

5 years protection

3000514

E-motor
2206 kW
900 rpm.




Us'

id.nbr. 3000514

d.d.

19%0.03.20

index 5 (92.08.27)

SPECIFICATIO!

o a = d
Casting: Blasting according SA 2.3, 180 8501-1
Steel (not pre-machined): Blasting according SA 2.3, IS0 B8501-1
Steel ( pre-machined): De-greasing

Blasting only after (if necessary) removal of oil/grease etc..

Painting:

nent

- one layer AKZO REDOX EP3210 universal primer

(1034937)

Dry parts (including systems)
- above described primer (in case
- one layer AKZO RUC 2300 coating
- one layer AKZO RUC 2300 coating
- one layer AKZO RUC 2325 coating

Wet parts

- above described primer (in case
- one layer AKZO REDOX 3314 coat.
- one layer AKZO REDOX 3314 coat.

General:

not yet applied)

SV (3000517)

SV (3000517)
(3000516)

not yet applied)
HB (3000197)
HB (3000197)

Colour

cream

white RAL9S003

l.grey RAL7035
grey RAL7040

l.grey MVD103
d.grey MVD1l10

thickness

50 microns

50 microns
50 microns
40 microns

125 microns
125 microns

- In case the correct primer is applied, the material can, after cleaning,
degreasing and drying, be treated without further pre-treatment as described

above.

= In case of damages or deterioration the concerning spot has to be pre-treated
(blasting/de-greasing) again and re-painted.
- Damages (f.e. caused by welding or transport), which can be recovered immediately,

may be repaired.

- All materiale have to be protected as far as possible before assembly, welding
etc. by the first coating (primer).

- Surface preparations, equipment and applications to be strictly in accordance with
paint manufacturere specificatione (part of this specification; id. nbrs.:
1034997, 3000197, 3000516, 3000517).

- Tiecoat and antifoulingsystem, (same as on hull) to be applied on wet parts by

building yard.
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HAPTER 2

THRUSTER UNIT
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CHAPTER 2.1

FLOATING SHAFT




F3F3 LIPS

LIPS THRUSTERS DRUNEN B.V.

2.1 ORIZONTAL FLOATING SHAFT

The power of the prime mover (horizontal E-motor) is
transmitted to the upper gearbox input shaft by means of a
floating shaft.

The floating shaft arrangement consists of two curved tooth
couplings and a rigid shaft.

As the design of the crowned teeth of the hubs which engage
with the internal teeth of the flanged sleeves forms a joint,
the entire coupling is double-jointed and therefore flexible,
and so the couplings can compensate for angular and parallel
offset misalignment of shafts which are not accurately aligned
and permits axial movement of shafts.

The floating shaft includes a brake disc; diameter 915 mm.

Gear teeth require lubrication. The couplings are therefore
provided with grease. Seals are fitted into the end rings to
prevent leakage of grease and ingress of dirt.

For mounting, maintenance and lubrication instructions see
chapter 9, ident nr 2010625,




Floating shaft :

accouplements a denture bombée

Bogenzahn-Kupplungen Curved Tooth Couplings

acoplamientos de engranajes con dientes arqueados

Schmierstofftabelle - Table of lubricants + Tableau de lubrifiants': Table de lubrificantes

LIPS
THRUSTERS

ISO-Viskositatsklasse

1SQ viscosity class

ISO-Classe de viscosité  Clase de viscosicad SO

Fettschmierung (- 10° C bis + 9%0° C)
Grease lubncation (- 10°C  +90°C)
Lubrification & la graisse (- 10°C a - 80° C)
Lubrificacion con grasa (— 10° C hasta «» 90°C)

&[ A i AGIP GR SLL
" g p AGIP GR MU/ER1
Aralub FDP 00
@ BP Engergrease HT 0
e
Castrol IMPERVIA MMO
E Chevron

Chevron Dura-Lith Grease E2 0

PEN-O-LED EP GREASE
FIBRAX 370, FIBRAX EP 370

MARSON EPL 1
MARSON EPL 2

GRAFLOSCONC SG O
STRUCTOVIS BHD MF

Mobilplex 46
Mobilplex 47

CALITHIA EP T1
ALVANIA EP1

Multifak EP2

TACKE-Longlife Grease
A 23 000 Berredastunden Dzw S Jarve

TACKE - Cos - 20°Cy
for 25 000 opwer yton ~Curs of § paary. 1980
=wCwz-200
01.1990

Form nr 3000 092 - SH1
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TITLE : FLOATING INTERMEDIATE SHAFT PAGE |
TYPE : E=880 L=822 DRAWING : 2017120
LIST : T073010061 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY

1 FLANGE T002017122 1,0

11 FLANGE T002017125 1,0
210 FLOATING INTERMEDIATE SHAFT T002017120 1,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
DRAWING ARE FOR ILLUSTRATION ONLY

END OF L Ia%
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Montage-, Wartungs- und -

l TACKE

GETRIEBE - KUPPLUNGEN

LIPS

THRUSTERS

Schmiervorschrift fiir Bogenzahn-
Kupplungen® LBk, LBLk, LBGk

Mounting, Maintenance and
Lubrication Instructions for Curved
Tooth Couplings LBk, LBLk, LBGk

1. Montage 1.1.1 Die K der Kupplungsteile wird, 1.1.1 The coupling componenis shall be prolected
1. Mounting wenn nicht gesondert wvereinbart, fGr normale for narmal transpor conditions, unless otherwiss
Transportbedingungen vorgenommen. Der Korro- agreed upon.
1.1 Prilten und sionsschutz gilt tir ca. 6 Monate unter der Voraus- The corrosion protection shall remain sftective
Relnigen setzung, daB die Teile sachgemas gelagert werden for about 6 months provided that the componaents
1.1 Testing and (u. & Irocken und keine saure Almosaphire). Vor are properly Stored (i. e. in a dry non-acidic atmos-
cleaning Montagebeginn ist die Kuppiung aul Volistindig- phere).
keit zu prifen. Before commencement of assambly check that the
Alle Dichtfidchen und Teile sorgfdltig mit Benzin coupling components are complete,
oder Nitro-Verdinnung (kein Petroleum) von Kon- All sealing surfaces and paris must be thoroughty
servierungsmitiein saubern und enitfetten. cleaned and degreased with benzine, nitro-diluent
(no petroleum) 1o remove the conservalion agents,
1.2 Monlage 121 Je nach Kupplungstype Nabe mit aufgesatz- 12.1 Depending on type of coupling, draw on the
1.2 Mount! tem Gehduse und O-Ringabdichtung bzw. Flansche hub with mounted housing covers and O-ring
ng mittels Schrauben oder Vorrichtung aufziehen. Auf- saals rasp. langa and spindie housing with screws
treiben der Kupplungsteile durch Schidge ist mchi of draw-0n device. The coupling components must
gestanet not be forced on by blows.
13 Wellen-/ Aus der Vielzahl der Wellenverbindungen sind hier The standard types of shaft connection are listed
Naben-Yerbindung die gebriuchlichslen Arten aufgefihrt. here out ol the many possibla types of coanection.
1.3 Connection of 1.3.1 PaBfederverbindung 131 Fitting-key conneclion
shafs and hubs Es wird empfohien, Bohrung, Welle, Nut und Feder It is advisabia to check the dimensional accuracy

BK ‘%

auf MaBhaitigkeit zu prifen. Nabe mit aufgesetzigm
Gehduse und O-Ring aufziehen.

Pafifedern in die Wellen ginlegen. Zum leichleren
Aufziehen kann die Kupplungsnabe leichl erwarmi
{ca. 80° C) werden. Dabei ist die O-Ringdichtung
vor Erwdrmung zu schitzen.

132 Einfache Schrumplverbindung

Die erwdrmie Kupplungsnabe mit hinterlegtem Ge-
hduse und O-Ringdichtung aufziehen, O-Ringdich-
tung gegen Erwirmen schitzen. PaBflachen dirfen
mchl mit Molykote oder dhnlichem singeschmient
warden.

133 Zum Warmaufziehen MNaben bzw. Flansche
vorzugsweise im Elektro-Ofen oder mittels Gas-
ringbrenner auf die arforderhche Schrumpltempe-
ratur gleichmasig und echl srwarmen. Vor
dem Autziehen die Aufweitung der Bohrung durch
Kontrolimessung priffen.

1.3.4 Ein relativ ginfaches Hillsmittel zur Tempera-
turibarwachung ist die sogenannte ,Temperatur-
kreide®,

135 Abzlehen der Naben nach dem Bratl- brw.
Uldruckvertahren, (SKF-Verfahren)

136 Vor dem Abziehen der Kupplungsnaben sind
die Gehdusa von den Naben rurlckzuschieben.

1.3.7 Druckdlgerdt mit den NabenanschiuBstelien
verbinden und Ol in den Verband pressen, bis es
an den Enden austntl.

138 Nunmehr Abziehvorrichtung ansatzen und
Nabe unter Druck abziehen.
139 Baim Losen muB der Druck etwas hdher samn

als die Flichenpressung im Verband. Im Minel
sind ca. 150 N 'mm’ ausreichend.

of bore. shalt, groove and key.

Fit housing cover and O-ring seals, and insert
fitting keys into the shafts. To facilitate drawing on
lhocouphngbodmulﬁqhﬂrwwpm
about BO™ C). In doing this prolect the O-ring saal
fram heating.

132 Simple shrink-on connection

The heated coupling hubs with fitted housing cover
and O-ring seals are drawn on. O-ring seals must
be protected against h#ating. Fitting surfaces must
not be greased with Molykote or similar.

133 For the hat drawing-on of hubs resp. flanges
or spndie housings in an electric kiln or by means
ol a gas-nng burner, the components must be
hea'ed up lo the required shrinking temperature
uniformly and carefully.

Before drawing-on check ths bore expansion by
measuremant.

1.3.4 A relatively simple aid for temparature moni-
toring is the so-called “temperature chalk®,

135 Drawing off of hubs vsing the Bratt or
oll-pressure method (SKF method)

136 Belore drawing off of the coupling hubs, the
housings must be pushed back from the huba.

1.3.7 Connect up pressure-oil unit 1o hub connec-
tian points and force oil into the joint until it comes
out at the ends.

13.8 Now apply the draw-off device and draw off
the hub under pressure.

1.3.9 For dismounting the pressure must bo slightly
higher than the contact pressure in the joinl. On
average 150 N mm' are sufficient.
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1.4 Ausrichten 1.4.1 Nach dem Aufziehen der Kupplungsteile sind 14.1 After the drawing-on of the coupling compo-
1.4 Allgnment dig zu verbindenden Maschinen mil einer Toieranz nenls the machines o be connected must be
¢ von *+ 0.5 mm auf den Abstand .E* auszurichten, aligned 10" a toierance of + 05 mm (with the ,o\
1.4.2 Die Angsben des Maschinenlisieranten sind exception of holder-ring coupiings) at distance E.
hlerbel grundsdtzlich 1y beachlen. 1.42 The machina supplier's indications must be
observed.
1.5 Ausrichi- Die Genauigkeit des Ausrichtens wird aus dem The precision of alignment is a funclion of the
gensulgkeit Drehzahibere.ch hergeieitel. (Siehe Tabelle 1-2) speed range. (Table 1-2)
1.5 Precision of
alignment Mab E Ausrichtwerte, max. zul. H3henversatz a in mm
Dimensions Alignment values, max. admissible rertical displacement a In mm
mm Betriebsdrehzahl in min' / Operating speed in min-'
| Kiadh Gber bls | Gber bis | Ober bis | Gber bis
iber/ aver bis/10 260 over to lover fo |over to | over to
‘ | 250 630 | 630 1600 | 1600 4000 4000 10000
| 200 o | a2 1 018 0,1 0,063
200 | 500 0.5 035 = 025 017 | 012
500 1000 10 07s ' 053 ' 0% | 028
1000 1500 12 |, 08s 063 | 04
1500 2000 25 17 e 09 | 08
2000 2500 32 7 S ” 112 | ors
2500 3000 40 28 19 1.3 f 0,85
3000 | 3500 45 32 A
300 | 4000 TR e
81 Tabelle 1 / Table 1
i Héhenversatz
-4 Vertical
Qe ! displacemant
-
MaB E Ausrichtworts, max. zul. Klaffung b - ¢ In mm
Dimensions Aflignment values, max. admissible gap b - ¢ In mm
mm Betriebsdrehzahl in min-' / Operaling speed in min-'
bis/to | Gber bis Ober bis Gber bis Ober Dbis
bis'to i over 1o over W over to over o
250 250 630 830 1600 1600 4000 | 4000 10000
4000 025 02 0,18 01 0,063

Tabells 2 / Table 2

151 Zum genauen Ausrichten ist eine MeBuhr 1.5.1 For precise alignment a dial guage is
erforderlich, (Abb. 1) necessary. (Fig. 1)

1.52 Das Fluchlen der Naben bzw. Flansche ist an 152 Alignment of hubs resp. flanges must be
mehreren Stellen durch Vergleichsmessung zu checked at several points by comparative mea-
priifen. surements.

1.53 Bei Kupplungen mit grdSeren Abstanden er- 1.5.3 In the case of couplings with larger distances
folgt das Ausrichlen mittels optischer Gerdte, alignment is by means of optical instruments,
Theodolit, oder anderen entsprechenden Vorrich- theodolite, or other similar instruments. (Fig. 2).

tungen. (Abb.2)
MeBuhe MeBuhr
Dial-gauge Diakgavglyl
e - € -

‘E

Abb. 2/ Fig. 2

Abb.1/ Fig. 1
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1.8 Abdichien
& Seall Dichtungsfilichen / Sealing surfaces Erl. Anzieh-Drehmomente M 4 In Nm Hir Schrauben
bl L Required tightening torques M 4 In N for bots
i e S o e
e Abmessung Fittng screws
e neriaarns o TN l e Dimansions Mat. 8.0
[ Do 3y . 1 oy ar—y
\ M 8 10
= M 8 25
M 10 49
15 M 12 L)
f M 14 135
¥ ) M 18 210
! M 18 290
d M 20 410
M2 550
M 24 710
M 27 1080
Abb. 3/ Fig.3 M 33 1900
Tabelie 3 / Table 3
1.6.1 Die O-Ringdichtung vor dem Verschrauben 1.6.1 The O-ring seals must be inserted Into the
in die vorgesehenen Rillen einiegen. grooves before boits are tighlened.
182 Bei Sonderausfihrung mit Dackel die O-Ring- 1682 For special design with cover the O-ring-
dichtung von auBen in die Rille des Gehduses sealing has to be pressed In the groove of the
eindricken und den Deckel miftels der Sechskam- housing and the cover has to be tightened by
Koplschrauben fest anziehen. (Abb. 5) means of the hexagon head cap screws. (figure 5)
163 Nach erfoigten Ausrichien Dichtflichen der 1.6.3 On completion of alignment coat the sealing
Gehduseflansche mit der mitgelieferten Dichtungs- surfaces of the housing flanges with the sealing
masse bestreichen und durch PaBschrauben ver- compound supplied, and connect with fitting
binden. (Abb. 3) screws, (Fig.3)
16.4. Das Kuppiungsgehause mufl axial verschieb- 1.6.4 The coupling housing must be displaceable
bar sein. axially.
2. Schmierung 2.1.1 Das Einfilien der angegetenen Fettmenge 2.1.1 The required quantity of greass should be
2L e (Tab. 4) ist zweckmiBigerweise mit siner Fett- applied with a grease-gun (Table 4). Belore assem-
ubrica presse vorzunehmen. Vor dem Zusammenbau bly coat the toothing with grease.
1.1 Fettschmierung Verzahnung mit Fett bestreichen. 212 Fill with greass only when venting screws
2.1 Grease 2.12 Fett nur bei gedfineter Entliiftungsschraube ars open.
lubrication ginflllen.

2.1.3 Das VerschlieBen der Eintdiidifnungen erfoigt
mittels VerschluBschrauben und Dichtring.

Fetimenge / Greass quantily

213 The filler holes lueloudbyplugnmd
sealing rings.

GréBe | e | | Focid . .
Dimension | 20 | 38 ' 48 ' 60 70 | 80 | 90 '100 110 125 140 180 | 180|200 225
i Type G v A ! ' o
T R EA B
835 Lo 003! 0,04(0,08 010 015 022 029 o«'m 079 09 123 19| 24|37
GE i 5; Ohﬂﬂ z“_st A I f 0 . " l ] I 1 " s i
frd ¢ LBGK | | ! T
Tabelle 4 / Table 4
Schmierstoffiabelle / Table of Lubricants
Fettschmierung / Greass lubrication (— 10°C bls + 80°C)
AGIP GR SLL MARSON EPL 1
AGIP AGIP GR MU/EP 1 FINA MARSON EPL 2
Acal Aralub FDP 00 Kiiber GRAFLOSCON C SG 0
Lubrication STRUCTOVIS BHD MF
BP BP Engergrease HT D | Mobilplex 46
Wiobi Mobilplex 47
Castrol IMPERVIA MMO
Shell Shell Alvania EP Fett 1
Chevron Chevron Dura-Lith Gresss EP O
PEN-OLED EP GREASE Texaco Multifak EPO
ESSO FIBRAX 370, FIBRAX EP 370




3. Wartung wilhrand
des Balslabes

3. Maintenance
during operation

Fur Dauerbetrieb ist stindige Oberwachung emp-
fehierswer, AuBerdem Kupplungen alle 8000 Be-
triebsstunden aul axiale Verschiebbarke!! Gber-
prifen, reinigen und evil. Maschinen nachnchlen:
daru nach Entfernen der Flansch-Schrauten die
vorgesehenen Abdrick-Gew‘ndebohrungen zum
Lésen der Vertindung benutzen.

3.1 Insbesondere sind folgende Kontrollen be: de-
montierter Kupplung zu emplehlen:

1. Verzahnung

2. O-Ringdichtung

3. evil. Beschiadigung der Dichtfidchen

32 Um Beschddigungen der Dichitdchen zu ver-
meiden, keine Schraubenzieher oder ahniiche
Werkzeuge zum Trennen der Kupplungstaile ver-
wenden.

Wiederzusammenbau der Kupplungen erfolgt sinn-
gemaf nach Absatz 1.

3.3 FettfGllung alle 8000 Betriebsstunden oder
spitestens nach 2 Jahren ernevemn. Bei groBeren
Wartungsintervalien, z. B. 16000 Betriebsstunden
oder max. 2 Jahre, sind vorzugsweise synth. Fetie
einzusatzen.

3.4 Es ist zu beachten, daB es sich bei den Kupp-
lungen um Rotationsteile handeit

Zur véiligen Unfaliverhiitung ist Abdeckung er-
lordertich.

Die Zuganglichkeit zwecks Kontrolle des Schmier-
stoffes dar! durch die Abdeckung nicht beeintrach-
tigt werden,

(Gesetz libsr lechn. Arbeitsmittel vom 24. Juni 1968)

LlLerpizp) |

Far contirusus operation, conlinuous mani‘crrg
is advisat e Otherwise couplings must ba chemed
for at.ai s~ it every 8000 operating hours = ean
and adjus: mac-ne i necessary. Far this a“er
removing e flange and cover bolts use he
threaded press-off holes to slacken the jont

3.1 Wher he coupling is dismountad the fc. cw g
checks are particularly importart:

2. O-ring seal

3. Any damage to sealing surfaces

32 In order 1o avoid damaging the sealing sur-
faces, no screwdriver or similar tool must be ssad
lo separate the coupling halves.

The coupliings are reassembled according to
paragraph 1.

33 In the case of grease couplings the grease
filling must be renewed at the end of 8000 operal-
ing hours or at the latest after 2 years. For longer
intervals between servicing, e. g. 16000 operating
hours or max. 2 years, it is best o use synthetic
greases.

3.4 Remember thal couplings ara rotating com-
ponents.

For compiete protection against accidents ‘hey
must be covered,

Access for inspection of the lubricant must not
be hindered by the covering.

(Geseftz lber techn. Arbeitsmitiel 24 Juna 1338,
law on technical plant).

Normale Austdhrung

Standard Design

Sonderausfihrung mil Deckel
Ist auch bei den Kupplungsausfihrungen nach
Abb. 8 und Abb. 7 méglich,

Design with cover

Special 3 :
s siso possible lor the coupling designs acc.

9160 9170

91?;/9:1_70

L

9030 9180 9010 9140 9020 9180 9040 9051

Silicidiste Bogenzahn-Kupplung®, Typ LBk
Abb. 4 / Abb. 5

Teil-Nr. Benennung

9010 Gehduse A"
2020 Gehiuse B°
9030 Naba _A*

9040 Nabe .B"

9140 PaBschraube

2160 VerschiuBschraube
7o Dichtring

9180 O - Ring

9051/61

O-Ring-Deckel
9150 8 KL-Koplschraube
3200 Federring

to figure 6 and figure 7.

9180 920 9150 9061

9180

Parts fist for Bogenzahn-Kuppiung® curved-iooth
couplings, type LBk — Fig. 4 / Fig. §

Part No. Designation
2010 Housing A
9020 Housing B
030 Hub A

9040 Hub B

9140 Fitting screw
9160 Locking screw
9170 Sealing ring
9180 O-ring ssal
9051/61 O-ring-cover
«anso hexagon head cap screw
9200 spring washer
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9160 9170 9160 9170 9160 9170 9160 9170
‘\\-' fr ‘.\/ \\/. \\\ ,"‘
Ervkes &
r

Abb. &
Tei-Nr. Benennung
9020 Gehduss .B*
8030 Nabe _A*
9040 Nabe .8°
9100 Zwischenstick
9140 Pafschraube
9160 VerschiuBschraube
9170 Dichtring
2180 O -Ring
9160 9170 8160 9170 9160 9170 9160 9170

{
T

i
i
I

Sy
Ny

i
-~

Stdckiiste Bogenzahn-Kupplung®, Typ LBGK Parta st for Bogenzahn-Kupplung® curved-iooth
Abb. 7 couplings, type LBGk - Fig. 7
Teil-Nr. Banennung Part No. Designation

9020 Geohduse .B* 9020 Housing B

9030 Nabe A" 9030 Hub A

9040 Nabe .B" 8040 Hub B

9070 Flansch _A® 9070 Flange A

5080 Flansch .B* 9080 Flange B

9090 Zwischenwelle 9090 Intermediate shaht
9140 PaBschraube 5140 Fitting screw
9180 VerschiuBschrauvbe 9160 Locking scraw
9170 Dichtring 9170 Sealing ring



and MCD Direct Current Motors, GEH-5359

Grouting

On concrete foundations, a minimum of one inch should
be allowed for grouting.

A rich, non-shrink grout should be used. High-grade
grout mixtures are available commercially. If the grout is
to be prepared at the site, a cementsand ratio of 1:2 is rec-
ommended. Just enough water should be used to give a
stiff mixture, The clean, but rough surface of the founda-
tion should be wet and the grout rammed or puddled
under the base.

Alignment Procedure
Flexibly Coupled Drives

‘el all mounting base supports before setting the base
position. Before grouting the base, the alignment
should be checked as follows:

1. Remove all coupling bolts and slide the shells back so
that the hub faces are exposed.

2. Check the coupling hub spacing in accordance with
the outline dimensions with the units in the mechanical
center of their end play.

3. Startwith the coupling nextto the largestunit (usually
the motor) or near the middle of multiple units.
Check the radial alignment by using a straightedge
across the two hubs at vertical and horizontal. Or by
clamping a dial indicator to one hub and indicating
the otheronits outside diameter. Be sure that the dial-
indicator supports do not bend or sag, since this will
give inaccurate readings. The maximum variation
should not exceed .002 inches (0.05 mm).

4. Insert feeler gage or use dial indicator at hub faces.
Measure the gap between hub faces at 0, 90, 180 &
270° and record. Rotate both shafts together 90°.
Repeat the gap readings. Continue rotation in 90°
increments until five sets of readings are taken. The
fifth set of readings is a check on the first set of
readings to assure that data is reliable. The readings
should not vary by more than .002 inches (0.05 mm)
between the four readings taken at each coupling
position.

5. Correct the horizontal alignment by shifting frames
on the base and the vertical alignment by shimming
between the machines and the base.

Repeat Steps # 2, 3 and 4 on each coupling, working
away from the motor or center unit.

1}

12

7. Recheck the couplings on long sets after completing
the above checks, because shimming when checking
subsequent units may affect those already checked.
After the set has been aligned within the specified
limits, the coupling shells may be bolted together.

The motor feet may be doweled to the base if desired.

Thrust Loads

Machines are expected to have no continuous external
thrust (axial) loads, If thrust loads are expected, the maxi-
mum permissible continuous load, in the horizontal con-
figuration, is tabulated in Table 3 by frame diameter.

For applications requiring greater horizontal thrust loads
or vertical mounting thrust loads, consult GE Motors

through a local GE Sales Office.
TABLE 3
THRUST CAPACITY
HORIZONTAL MOUNTING
FRAME
SIZE LB.* N*
6000 1200 5340
6100 1400 6230
6200 1400 6230
6700 1700 7560
6800 1700 7560
6900 2000 8900
*Based on an adjusted L, Life of 10,000 hours,

OPERATION
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CHAPTER 2.2

BRAKE SYSTEM
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2.2 BRAKE ASSEMBLY

A pneumatic disc type holding brake is fitted at the input
flange of the upper gearbox.

The brake assembly comprises:

- a brake disc fitted between the floating shaft flanges;
diam. 915 mm (see drawing 3004095).

- two calipers, mounted on brackets (see drawing 2017114).

- an electric/pneumatic control panel for (remote) control of
the brake (see drawing 1054637).

Maintenance is limited to periodically observing the thickness
of the brake pads. See 1009908: "Disc Brake Caliper".

For brake operation see chapter 6: "Control System".

The brake control valve is provided with a manual override.
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TITLE : ASSEMBLY BRAKE PAGE $E 3
TYPE : DRAWING : 2017114
LIST : T073010062 ORDERNO.: T07300/01
ITEMNO. N A M E PARTNO. QUANTITY

1 HEXAGON SCREW M713000482 6,0

2 SINGLE COIL SPRING WASHER M716100033 6,0

3 HEXAGON NUT M714040033 6,0

4 STUD. SCREW LENGTH 1,25 D M711050435 6,0

5 SINGLE COIL SPRING WASHER M716100039 6,0

6 HEXAGON NUT M714040039 6,0

7 SEE ORDER PARTS LIST T002999985 1,0

8 SUPPORT T002013964 2,0

9 STRIP T002007879 4,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ILLUSTRATION ONLY

END O F il B - A
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TITLE : BRAKE SHOE PAGE 3 3
TYPE : DRAWING : 1054637
LIST : T073010064 ORDERNO.: TO07300/01
ITEMNO., N A ME PARTNO. QUANTITY

1 BRACE CALIPER T001009908 2,0

2 VALVE T001089875 1,0

3 VALVE T001054902 1,0

4 PRESSURE SWITCH T001026467 1,0

5 HOSE T001007538 2,0

6 DEADENING, SOUND T001054503 2,0

7 PLUG T001054993 1,0

8 REDUCING NIPPLE T001016560 2,0

9 STRAIGHT MALE STUD COUPLING M710712120 2.0

10 STRAIGHT MALE STUD COUPLING W006350210 3,0

1 STRAIGHT PIPE NIPPLE M710100020 1,0

12 STRAIGHT MALE STUD COUPLING wW006350210 1,0

13 ADJ.BARREL-T FITTING W.PROGRESSIVE W006430060 1,0

14 T-FITTING WITH PROGRESSIVE RING M710801120 1,0

15 STRAIGHT FITTING W.PROGRESSIVE RING M710722120 2,0

16 RECTIFIER T001054994 1,0

17 PACKING T001054995 1,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

= THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST

ARE BELIEVED TO BE CORRECT,
DRAWING ARE FOR ILLUSTRATION ONLY
END

OF LI BT

THE QUANTITIES SHOWN ON THE



VA rinosts 1009908 Sheet 1

STERS BV
DISC BRAKE CALIPER
TYPES: MRB 5 and MRB 5 (1”) - DB 3020
AIR APPLIED—SPRING RELEASED  [fswue1 [ ae Marns:

160 Fully Worn Pads

Air injet
< fesr
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1065

106.4
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1
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¥ ? 5';” ‘Ioloo 15’(_?0 20;” 2 5100 30;” 15100 40?0 4580 50;00

BRAKING TORQUE Nm

1Nm =0 738Ibi-1t 1bar«14 3psi
Caliper —constructed from SG iron to BS 2789
Thruster — constructed from aluminium alloy to BS 14%0
Finish —hammer blue paint
Weight (caliper and thruster) —10.4 kg
Volume displacement of thruster at full stroke is 426 mi
Total pad area—58 cm?

SPECIAL EXECUTIONS : LEFT HANDED VERSION 1001060503 ~
WITH EQUALIZING LINK W008996941 (VERT MOUNTING SHS)




1009908 Sheet 2

DISC BRAKE CALIPER

TYPES: MRB 5 and MRB 5 (1”)
AIR APPLIED—SPRING RELEASED

DB 3020

Issue 11 Date: March B3

@182

@159

168

Thruster Type—B
Parts List ITEM COMPONENT PART N | OTY,
1 | FRONT CAP 724828 1
2 |REAR CAP 724822 1
TOO300064L0 | 3 |DIAPHRAGM 720827 1
2 | MOUNTING BARREL 7841129 1
S | PISTON ROD ASSEMBLY 720803 ® | 1
T003002884 | & |COMPRESSION SPRING 255060 1
7 | LOCKNUT 3/s BSP 515051 2
8 |REDCAP 3/p BSP B30033 1
9 | M5225 SKT HD CAP SCREW 540331 13
30 | M5 NYLOC NUT 510185 13

General Description

* In type MRBS (1] pneumatic disc brake a shortar Piston Rod Assembly
Part No. 720831 is used.

This is a low/medium torque pneumatically operated brake caliper using dry and filtered air (20 microns)
at pressures up 10 7 bar (100 PSI). Pneumatic brakes require a control valve which can be operated either
manually or by a spool valve operated by a pneumatic or electric signal.

The caliper should be mounted horizontally in 3 and 9 o'clock disc positions 1o prevent bias due to weight
of actuator. The caliper can be mounted, if necessary, on a pedesial mounting bracket, which is available
from Twiflex (see Data Sheet DB 3016).

The thruster should be mounted on the caliper using the two lock-nuts (item 7] provided, and tightened 1o

60 Nm (44 Ib-f1) torque.

If it becomes necessary to replace the diaphragm (item 3), remove the thirteen M5 fixing screws and the rear
cap (item 2). Remove the worn diaphragm. Clean-up surfaces in contact with the diaphragm and re-
assemble with new diaphragm in position.

Recommended Spares: —
Diaphragm (item 3)

Pad assembly 2 off (item 5 Data Sheet DB 3017)
Standard Pad Assembly part number 074123




1009908 Sheet 3

DISC BRAKE CALIPER TYPE: MR DB 3017
Issue 4 Date: Dec 1989
P ?__i___‘“‘ lr:-c:ntbm:m m.
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General Description

The MR caliper accepts a number of interchangsable actuators — mechanical, electrical, hydraulic and
pneumatic (shown above is a brake caliper operated by a typical pneumatic actuator). The MR caliper can be
mountad with a standard Twiflex brake disc 12.7mm thick. Up to two calipers may be used with discs 250mm
diameter. The number of brake calipers can be increased depending on disc size and torque required. MR
brake calipers can be mounted at any angle around the periphery of the disc, but ideally they should be
mounted horizontally. The minimum diameter for standard Twiflex disc is 250mm.

The MR brake caliper is normally supplied with the arms handed as shown. Shoe Arm assemblies (item 6
and 7) can be reversed and easily changed by removing the two sets of springs (item 2 and 3) and replacing
them afterwards.

MR calipers are available to suit 25mm wide Twiflex discs. See Data Sheet DB 3022.

Pad Replacement in Air Applied Calipers

To replace the pads, secure the installation to ensure safety. Ease out the pad springs (item 4) and remove
worn pads (item 5). Clean the disc and fit new pads. Replace pad springs.

For pad replacement in any other type of brake caliper refer to the relevant Data Sheet (see list).




1009908 Sheet 4

DB 3017
DISC BRAKE CALIPER TYPE: MR

Issue 4 Date: Dec 1989
ITEM COMPONENT PART N2 | Oty

1 |PIVOT BASE 8030010 1

@) ok 2 |TENSION SPRING [003002885 | 2400035 2

1 oo = 3 | TORSION SPRING 1003002080 | 2500020 1

_FiE= = 4 |PAD SPRING 003002887 7900024 2

=3 < S |PAD ASS'Y 100 3000582 0780123 2

5 | SHOE ARM ASS'Y ! Taustes sicei | 6600112 1

7 SHOE ARM ASS'Y QPPOMTE SIDE) 6600113 1

Total pad area 58 cm?

Weight (caliper only) 6.2 kg

Material:— SG Iron—BS. 2783

Finish:— Hammer blue paint

Exploded View of Caliper

MR Caliper Assembly — Part No. 6780413

Total pad area = 58cm?

Pad dimensions (new ) = 635 x 46 x 12.7mm (thick).

Pad wear allowance = 8mm.

Brake/Thruster Description Data Sheet Braking Force
MRE Pneumaucaily applied 083012 764N
MRG Pneumatcally applied DB3012 1900N
MRA Preumatically applied DB3019 7140N
MR85 Pneumartcally applied Deao20 11400N
MRD Pneumatically applied 083021 3700N
MRK Spring applied, pneumatically released 0B40s8 6400N
MRAL Spring applied, hydraulically released DB40s3 400N
MRH Mechanically applied. lever ogerated 081005 B00ON
MBRW Mechanically apglied, hand operated DB100e 2600N

Braking Force is defined as the Tangential Force acting at the Effective Disc Radius.
Braking Torque (Nm) = Braking Force (N) x Effective Disc Radius (m)
where Effective Disc Radius (m) = Actual Disc Radius (m) — 0.03.




F4E3 LIPS

TITLE : DELIVERY PAGE - !
TYPE : ASSEMBLY NR.T001089799 DRAWING : 1054637
LIST : T073010063 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY

1 SEAMLESS PRECISION TUBE M301035203 2000,0 MM

2 SEAMLESS PRECISION TUBE M301035203 2000,0 MM

3 SEAMLESS PRECISICON TUBE M301035203 2000,0 MM

4 STRAIGHT MALE STUD COUPLING M710712120 1,0

5 STRAIGHT MALE STUD COUPLING W006350210 1,0

6 STRAIGHT PIPE NIPPLE M710100020 1,0

7 ADJ.BARREL~-T FITTING W.PROGRESSIVE W006430060 X, 0

8 T-FITTING WITH PROGRESSIVE RING M710801120 1,0

9 STRAIGHT FITTING W.PROGRESSIVE RING M710722120 1,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST

ARE BELIEVED TC BE CORRECT,
DRAWING ARE FOR ILLUSTRATION ONLY

END 0

F LIST

THE QUANTITIES SHOWN ON THE
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2.3 UPPER GEARBOX

The upper gearbox is a single-stage angle drive in a split,
distortion-free housing.

The primary shaft (horizontal input shaft) is driven by the
floating shaft, which transmits the power from the prime
mover.

The secondary shaft (vertical output shaft) is connected to
the input shaft of the lower gearbox through a vertical drive
shaft (intermediate shaft).

The gearbox is fitted with a spiral bevel gear unit, made of
special high quality forged steel, case hardened and
subsequently fine-machined to class 6 -DIN 3965- (H.P.G.
process) or better.

The crown wheel as well as the pinion are independently
supported on both sides by anti- friction type bearings in
order to minimize deflections and to assure optimal teeth
contact under all load conditions.

The load-carrying anti-friction bearings are calculated for an
extended service-life.

The pinion is shrunk connected to the primary shaft.

The crown wheel is bolted to the forged on flange of the
secondary shaft.

Lubrication

The upper gearbox is fitted with a forged lubrication systen,
consisting of a dual pumping unit with circulation pump and
level pump, twin filters with "clogged filter" sensor, tube
type cooler suitable for seawater, valves, controls and
alarms.

This system is connected to the header tank.

The level pump maintains the operational oil level in order to
minimize churning losses, however, when level pump is at floor
level idle the gearbox is automatically flooded with
lubrication oil to prevent condensation.

Note: In case of level pump failure the thruster may be
operated at reduced power.

The dual (level and circulation) pump is electrically driven.

For lubrication oil diagram and additional information see
section 5.
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TITLE
TYPE
LIST

UPPER GEARBOX ASSEMBLY
ASSEMBLY NR.TOO201E6%15
TO73000041

PRGE i
DRAWINC : 2016915
ORDERND. : TO7300/01

N AME

GEARBOX, UPPER
COVER

COVER

BEARING COVER
BEARTNG HOUSING
RINHG

SHAFT
5ET,GEAR, UGB
SHAFT

BEARING HOUSING
DISTANCE BUSH
DISTAHNCE RING
DISTANCE RING
LOCEING HUT
LOCKING WASHER
RACE, BALL
LOCKING NUT
DISTANCE BUSH

HEXAGON HEAD SCREW PLUG

DIMINISHING
LINE,OIL
HOLDER
LANTEEN PIECE
RING

ADAPTER
COVER

BEARING,CYLINDRICAL ROLLER

DISTANCE RING

SPHERICAL ROLLER BEARTNG, DOUBLE ROW
SPHERICAL ROLLER BEARRINGC, DOUBRLE ROW
HEX. SOCEET HEAD CAP SCREW
RETAINING RING FOR SMAFT

SPFHERICAL EOLLER BEARTNG, DOUBLE ROW
SPHERICAL ROLLER THRUST BEARING
SPHERICAL ROLLER THRUST BEARING

TOO1010556
TOO2017014
Too2017034
TOO2017015
TCO2015040
TOOD201L7011
TOD2014333
TOD2017005
TOo2017036
TODZO017043
rng2017o041
TOORO1TD32
I'agloeslol
TOGI017038
T002017044
T0O3003000
TOO2017042
M710380239
TOO2010546
TOD1O1LODES2
TO02017035
TO0ROLTO00G
TOD2010301
TOO2010302
TOg2010303
WOORZ20D24
TO031002542
WOOBEZ10926
WDoOs210027
M712040280
Ta0I000520
Wous210012
WODGe2E0025
Wop&eE260038

PARTND. QUANTITY
To02017012 1,0
1.0
1,0
11#
1;0
1,0
1,0
1,0
2,0
r 49 -
3,0
1.0
1,0
1;#
7,0
2,0
1,0
1,0
1,0
1,0
1,0
1,0
1,0
l.‘n
1,0
8,0
1,0
1,0
1,0

HOTES

— JITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.
— THE QUANTITIES AND PARTNUMEERS SHOWN ON THE PARTS LIST

ARE BELIEYED TO BE OORRECT,
DRANING ARE FOR JLLUSTRATION ONLY

THE QUANTIT1ES SHOWN ON THE
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TITLE : UPPER GEARBOY ASSEMBLY PLGE 3 2
TYPE 1 ASSEMBLY NR.TOD2016915 DRAWING : 2016915
LIST i To7300004%1 ORDERNG.: TG7300/01
ITEMNO. N A M E FPARTNO. QUANTITY
49 SINGLE COIL SQUARE SECTTION SPRING W M716101031 B.0
5D SUFPORTING RING TOO1016078 1.0
51 HOUSING  BOTARYSEAL, FOR TODZOLTO033 1.0
52 OTL. SEAT WOOT065174 1,0
53 OIL SEAL TOD1032733 b
54 O=RING WOOT0008E0 s |
55 D-RING Woo7000963 2.0
L1 O=RHITHZ WOOT7000829 11
87 O=RING WOD7001048 A
58 O-RING Woo7000730 1.1
549 CORD RING WITH VULCANIZED JOINT WAONT 000667 &0
a0 CORD RING WITH VULCAWIZED JOINT WooToooz2en 1.0
al O—RING WO7000517 1,08
62 O=RING WOnTo001063 1,0
63 O=RING WAOToG0SR0 1,0
a4 HEXACOHN HEAD SCREW FLUG M710380254 1:0
06 COPFPER SEALING RING M7IE000340 .0
&8 STUD. SCREW LENGTH 1,325 D M711050381 E. D
69 HEXASON HNUT MI14040038 B,O
70 SINGLE ColIlL SPEING WASHER M716100033 6,0
Tl SINGLE C0I1L SPRIMNG WASHER M716100036 18,0
72 SINGLE COIL SPFRING WASHER M716100033 20,0
T3 HEXAGON SCREW M713000478 d,;0
74 HEXAGON SCREW M713000480 .0
75 HEXAGOHN SCREW M71300053d 6,0
TE HEXACZOHN BOLT M71300553% g,0
T7 HEXNAGON BOLT M7 13005535 B.,O
78 HEXAGON SCREW MYPIIA0O0O04T4 20
7o HEXAGON SCREW M713000475 B, 0
21 FEESTREICTOR TOD1I011115 .0
gz HEX. SOCKET HEAD CAP SCREW M712040330 6,0
a3 RESTRICTOR Todioli1le a,0
84 REDUCING SDCKET NIFPPLE M710190241 1,0
as COPPER SEALING HING MY311000261 9,0
s HEX. SOCEET HEAD CAP SCHEW WaoT2s1a370 120
HOTES : — ITEM NUMBERS NOT LISTED HAVE NOI' BEEN USEL IN THIS INSTALL.

— THE DUANTITIES AND PARTNUMEERS SHOWN ON THE FARTS LIET
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRANING ARE FOR JTLIUSTRATION ONLY
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TITLE

UPEER GEARBOX ASSEMBLY

TYPE : ASSEMBLY NR.TOD02016915
LIST : TO73000041

PAGE

DEAWING : 2016915
ORDEENO, : TD7300/01

ITEMNG .

ar
aa
89
20
91
92
83
94
a5
96
a7
98
99
100
101
103
103
104
105
108
108
109
110
111
1l
113
114
127
128
129

NAME

STRAIGHT MALE B8TUD COUPLIRG

PLAIHN WASHER

STRATGHT MALE STUD COUPLING

GLASS, SIGHT
HEXAGON SOCKET PIPE PLUG
HEXAGON BOLT

CORD RING WITH VULCANIZED JOINT

HEXAGON HEAD SCREW PLUC
O=-RING

HEXAGON HEAD SCREW PLUG
COFPER BEALTNG RING
SINGLE CODOIL BPHING WASHER
SINGLE COIL BPRING WASHER
HEXAGON WUT

STUD. SCREW LENGTH 1,25 D
CEAMLFSS PRECISION TUBE
ELUG

SPRING

eIy

RETAINING RING FOR SHAFT
HEXAGON HEAD SCREW PLUG
COPPER SEALING HING
HEXAGON HEAD SCREW PLUG
COPPER SEALING HING
COPPER SEALTHG HING

TYPE EHIELD

STRAIGHT GROOVED PIN
DOWEL

FPLATH WASHER

HEXAGDON SCREW

PARTNO.

HOO&3I50221
WOO71375031
WOOE3I5021%
ToOl1020196
WOOESTS5100
WOO7110163
wWoo7000297
M710380256
wWOo7o0o178
M7T103180248
MTil000302
M716100033
MT716100041
M714040041
M711050486
MID1I035233
TOOZO17101
TOO2Z004054
TOD2017102
M7187T003932
M710380038
M731000251
M710380243
M7il1000290
M731000223
TOoO2017110
WOO7S802682
TOOI0OD2S41
WODT7375051
M71J000424

(=R ]
O O Ll e b e el el e e ek e N S D O Dl LN B RS B D B
A WM WM W W T O™ O™ W™ W R R B O® W owm W L wm S e oW W

W
(=F=N=-N-R=R-F:f-N=N-F-F-F=-H-F-F-F-F=U=Yef=f==-E=-0-0- -

QUANTITY

2,0

12,0

2,0

NOTES

ENED oOF

= ITEM NUMBERS NOT LISTED HAVE NOT BEEN UBED IN THIS INSTALL.
- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST

ARE BELIEVED TO BE CORRECT, THE QUANTIVIES SHOWN ON THE

DRANING ARE FOR ILLUSTRATION CONLY

LIsST
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TITLE : UPPER GEARBOX ASSEMBLY PREE i 1
TYPE : ASSEMBLY NR.TOOZD1lG97E DRAWIHNG : Z01L&915
LIST ! TO73010043 ORDERNG. : TQ7300/01
ITEMNO. H A M E PARTNO. QUANTITY
o GEAREOX ; UPFER TOO201LV0L2 1,0
2 COVER TOO1D10556 1,0
3 COVER TOOZOLT014 1,0
4 BEARING COVEE TDOODZ01IT702% 1,0
B BEARING HOUSIHNG TODZD17OLS 1.0
o RING TOO2015040 1,0
10 SHAFT ToO2017D011 1,0
11 SET,GEAR, UGB TODZ0165940% 1,4
12 EHAPFT ToOO201700% L8
13 BEARING HOUSING TOOZO17036 1.4
14 DISTANCE BUEH TDO0ZD17043 1.0
15 DISTANCE BING TO02017041 1,0
16 DISTANCE RIHG TOO2017033 1,0
12, LOCKING NUT TOO10B89103 T8
1a LOCKEING WASHER THO2017038 ]
19 RACE , BALL TODZD17044 p
20 LOCEING HUT TOO3I003000 1,0
22 DISTANCE BUSH TEO2017043 |
23 HEXAGON HEAD SCREW PLUG M710380219 |
27 DIMINISHING TOO2010546 2.0
28 LINE,DIL TOD1D10592 1.0
3 HOLDER Tooz017035 1.4
34 LANTEEN' PIECE TODZ2017006 1,0
35 RING TOD2H1a301 1.0
36 ADARPTER TOD20LO03I0Z 1,0
a7 COVER TODZGLOZ03 1,0
40 BEAERING, CYLINDRICAL ROLLER WODBZ20024 1,0
40R DISTANCE RING TOO3002542 1,0
11 SPHERICAL ROLLER BEARING,DOUBLE BOW WOOG210926& 1,0
42 SPHERICAL ROLLER BEARING, HOUBLE REOW WOOeZ1O027 1,0
43 HEX,. SOCEET HEAD CAP SCEEW M712040280 8,0
44 RETAINING RING FOR SHAFT TODIOOO520 1,0
45 SPHERICAL ROLLER BEARING,DOUBLE ROW WOODG6210012 1yD
46 SPHERICAL ROLLER THRUST BEARING WODBRZEOQD2S <+ B
48 SPHERICAL ROLLER THRUST BEARTING WaDs2e0038 20
HOTES ; — ITEM NUMBERS WNOT LISTEDR HAVE NOT BEEN USER IN THIS TNSTALL.

— THE QUANTITIES AND PARTNUMBHARS SHOWN ON THE FPARTS LIET
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
LGRANING ARE FOR ITLLUSTEATION ONLY
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TITLE : UPPER GEARBOX ASSEMBLY FAGE § -3
TYPE : ASSEMBLY WR.TOD20O1&6975 DRAWING 3 2016915
LIST : TO73010043 ORDERNG. t T07300/01
ITEMNO. N A ME PARTNG.. QUANTITY
49 SINCLE COIL SQUARE SECTION SFRING W M716101031 8,0
50 SUPPORTING RING T0O01D16078 1,0
51 HOUSING , ROTARYSEAL, FOR TO02017033 1,0
52 OIL SEAL WoO7065174 1,0
53 OIL SEAL TOD1032733 2.0
54 D-RING WOOT00DEGD 2,0
55 O-RING WOOT00D963 2.0
56 D=RI1NG WOOTDOGaZ2S 1.4
57 O-RING WOO7D010%8 1,8
58 C=RING wWoaT0o0730 1,0
55 CORD RING WITH VULCANIZED JOINT WOOID00&6T a0
&0 CORD RING WITH VULCANIZED JOINT WOO7000298 30
&l C=RING Woa7o00517 1,0
62 O-RING W0pDToD1lO63 1,0
613 O=RING WoOOTO00D580 1,0
64 HEXAGON HEAD SCREW PLUG M710380z254 1,0
65 COPPER SEALING RING MT31000340 5,0
&8 STUD. SCREW LENGTH 1,25 D M711050381 B;0O
89 HEXAGON WHUT M714040D36 B,0
T0 SINGLE COIL BPRING WASHER M7T18100033 B0
71 EINGLE COIL SPRING WASBHEE MT1el00036 18,0
T2 SINGLE COIL SPRING WASHER M71610003% 20,0
73 HEXAGON BCREW M7Pl3000478 4,0
T HEXAGON SCREW M711000480 6,0
75 HEXAGON SCREW M713040530 6,0
76 HEXAGON BOLT M711006536 4,0
7T HEXAGON BOLT M713005539 B,D
78 HEXACGON BCREW M713000474 -
- HEXAGON SCREW M713000476 B,;D
Bl RESTRICTOR TOO1D011115 2,0
B2 HEX. SOCKET HEAD CAP SCREW H713040330 6,0
83 RESTRICTOR T001011116 3,0
B4 REDUCING SOCKET NIPPLE M710190241 1,0
a5 COPPER SEALING RING M731000261 §.0
BE HEX. SOCKET HEAD CAP SCREW wWOoo72ZBE1O0740 12,0
NQOQTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN [USED IN THIS INSTALL.

= THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES E590WN ON THE

DRANING ARE FOR ILLUSTRATION ONLY
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TITLE : UPPER GEARBOX ASSEMBELY FAGE T 3
TYPE : ASSEMBLY NRE.TOO201637% DRAWING : 201651%
LIST : T073010043 CHPERNO.: TO7300/01

ITEMNO, N A M E EARETHOG, QUANTITY
B7 STRAIGHT MALE STUD COUBRLING WOOG3S0221 2.0
BB PLAIN WASHER WoOo7375031 2.4
BS STRAIGHT MALE BTUD COUFLING WDOD&e3IS50215 2.0
a0 GLASS, SIGHT TOOl020196 1,0
g1 HEXAGON SOCKET PIFE PLUG WOOBET5100 2,0
83 HEXACDON BOLT WooT1l0163 0,0
93 CORD RING WITH VUOLCARIZED JOLNL WOOTD20287 Lt
o4 HEXAGON HEAD SCHEEW PLUG M710380256 2.0
895 O-RING WOOTOQRITE 2.0
T HEXAGON HEAD SCREW PLUG M710380248 2,0
a7 COPPER BEALING RING M731000302 5,0
28 SINGLE COIL SPRING WASHER M716100033 4,0
9% SINGLE COIL SPRING WASHER M716100041 20,0

100 HEXAGON NUT M714040041 iyl

101 STUD. SCREW LENGTH 1,25 D M7110504E6 20,0

102 SEAMLESS PRECISION TURE M301035233 500,0 MM

103 PLUZ Too2017101 6,0

104 SPRING TOO2004854 6,0

108 PIN T0O2017102 1,0

108 RETAINING RING FOR SHAFT M718700392 1.0

108 HEXAGON HEAD SCREW PLUG M7ip3lsools G £y -

1089 COPPER SEALING RING M731000251 1,0

1140 HEXAGON HEAD SCREW PLUG M7102802473 1.0
111 COFPER SEALING ETHG M731000290 1.0
112 COPPER SEALING RING M731000323 1,0
L13 TYPE BHIELD TOD2017131 1.0

114 STEAIGHT GROOVED PIN WOo7580262 4,0
127 DOWEL TOO30D2541] 3,0

128 FLAIN WASHER WDO73I75051 6.0
129 HEXAGON SCREW M713000424 6,0

NOTES : ~ ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

E N D Q F

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST

ARE BELIEVED TD BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ILLUSTRATION ONLY
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FUSH-UF DISTANCE 10°%%mm
OPSCHUIFWEG 10*% mm

INJECTION PRESSURE 1860 =90 bar
DRUK TUDENS MONTAGE 1860 = 80 bar

FOR MOUNTING INSTRUCTIONS SEE 2007337
VOOR MONTAGE VOORSCHRIFTEN ZIE 2007337

FOR SYMBOLS AND TORQUE St 2050443
VOOE SYMBOLEN EN AANHAALMOMENTEN
ZIE 2050443

START FOINT LOAD 35 bar
AANYVANG - BELASTING 15 bar

- MOUNTING OF FLANGE 2051935

Ll I FLENS MONTAGE 2051935
¢ (=
| [1518 | r |  —
| LBGK 160 — {iF D=
_!-ﬂ .J-- | T i
| < . e ] (T LT
SR e = = G2r i —
+elea FE E S =
DETAILT = —=] | FLANGE ASSEMBLY
runed ol gssemBiy of dis megsured . —, T T
posmeken By morfoge j T e B i 3 o 7123 " T
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TITLE : ASSEMELY OF FLANGE + SFEED PICE-UP PAGE - (A -
TYPE  ASSEMELY NR.TO020171:23 DRAWING : 2017123
LIST : To73010042 ORDERNG. ¢ TO7300/01
ITEMHO. W A M E PARTHO, QUANTITY

1 PLATE , ALJUSTING TODZO17124 1,0

2 HEXAGON SCREW M713000532 6,0

3 STUD. SCREW LENGTH 1,25 D MT11050280 8,0

4 SEE ORDER PARTS LIST TODZ9989485 1,0
WOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEEN USED IN THIS INSTALL.

= THE QUANTITIES AND PARTNUMBEEE BSHOWN ON THE FARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
DRAWING ARE FOR ILLUSTRATICN ONLY

END ar LIBT
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HOUNTING INSTRUCTIONS TAPER FLIT (STEEL-STEEL) TIDNR.2007117&

(For prop=ller =haft / propellieser hub connection see
description ID.nr. 2006192, keyleass propeller mounting.

1) Clean the shaft end thoroughly and chack that the right hub
will be mounted on the rplght shaft end (in reference to
classification numbers which belong to the correspoending
shaft numbers),

Check roughness, pay special attention te sharp edges (ends
and oil grooves), smoothen if necessary.

2] Prepare shaft end with enginser's blue.

3) Mount the hubk and push it with handforce or by its weight
on the shaft ené. Next dispaoint the hub.
Také Care to praserve the obtalned print.
On the shatt and on the hub it should clearly show if the
tapar is bearing correctly.
If the installation Is under classification survey, a
classification surveyor should attend ta these acticns.

i) Clean the shaft end and hub thoroughly apnd mount the
necessary tool eguipeent. Use the correct type of oil for
the hydraulic pump: OMALA 100 or egulvalent.

A classificatlon surveyot sheould attsnd tha actual
pressing-on procedure when this is applicable.

5) Now push the hub on the shaft and initlalize a pre-load
forge (with gnly tha hydraulic nut) of 10% of the total
push-up force; see instructlions on tha drawing.

If this pre-load force is unknown, olir construction
department should be counselled.

The pre-load force, divided by the effactive area of the
hydraulic nut, gives the pre-load pressurs.

§) After the hub lz mounted with pre-load, a dizl gauge has to
be fitted on a fixed place with regard teo the hub.
Place the sensor of the dial gauge on the hub and adjust it
to Tero.
Note the distance to the flked point,
Now press the hub on the shaft accarding to the push-up
length (see instructlen or drawing) by means of the
hydraulic nut.
The maxinmum pressure on the hydraulic nut will be about 10
times the pre-load pressure.
Tha hub should be kept under pressure during pushing en the
shaft, accorplishing that it wlll move on an oll filn.
This pressure shoiuld be noted on the drawing, if not please
consult our enginsering department.

1/2

Orunen, 1932




VaE3 LIPS sasan

LIPS THRUSTERS DRUNEN B.V.

¥When the push-up length is reached, the hub should be
depressurized, but the hydraulic nut shaould ke kept under
préessure for =zaope time to pravent sliding back of the hub.

Alternatively to 4, 5 and 6, the hub may be fitted to the
shaft, heated up to a suitable temperature T, calcujatad

asd
pu.1079
T =T; +a. K. d + appr. 30° C.
T; = shafr temperature (* C.)
pu = push-up length (mm)
E = taper ratio
d = pean cone diameter {(mm)
a = 1,1 to 1,5; depending of maverial of the Hub

Auxiliaries to ascertalin an exact push-up length have te be
provided for, f.i. by machining the retaining cover on the
final dirzension aforehand or fitting a temporary cover over
the hub (at the small end), uUsing a precisely machined
distance piece. Both hub and shaft to be cleaned with
solvent. Hub t2 pbe heated-up slowly and sspecially evenly,
preferably by induction.

7) If the flanga is supplied with retainer plate, the
difference between shaft end flange should be measured and
the retainer adapted to this peasure.

The push-up length must be stamped to the retainer plate.

DISMOUNTIHG INSTRUCTIONS:
Set up a buffer for the hub as follows:

Deprassurlze the hydrauliec nitt and leosen a little mozre than
the push-up length,

Alternativaely, put a suitable spacer between the shaft's end
face and the retainer plate, using longer bolts, same property
class, and re-tighten them.

If required; as indicated by previous experisnce or a flange /
hub diameter ratio of appr. 2, it is advised to heat up the
flange outer diameter qulickly to 50° — &0° C.

Area near taper must resain cold.

Then the hub i=s put under hydraulic pressure, after which It
should come off the shaft with a loud bang as it hits the
buffer. The buffer is essentlal for parsonnel safety, as well
a5 to prevent damage to components.

NOTE: If the dismounting is an Intermediate phase of the
assenbly of & complete gmarbox, thls dismeunting must
take place within ona (1) week's time after mounting of the

Liarge Orunen, 1932 2
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LIPS THRUSTERS Konische verbinding / Taper fit

Catum: LTO ordeér no.

Eate —

Ordar naam; Typa Thrustan

Qrdar name S y = o=
Yaolgnr: Bauwnr,;

Sequence nr. Building nr. s
Keur: Schroefnr.:

Class Propaller nr.

Instructis: 2006192 / 2007337  Op-pers tek.:

Instruction brons  siaal Maunting drw.

Soort verbinding:

Which connaction -

eveniuasl vooral invullen
allecn tar plakke invullen

Tamp. naaf en as: gebiruikie parsmoern;
Temp, hub & shaft "o hy-nut used

bijbeh, ogschuibweg: biggeh. voordruk:
COFTRSp. push=up — T Ccormmésp, pre-iodd bar

hot. [ very 12 montags 2e montage 3e montage

voordruk [bar|
preicad

afstand to1 huis [mm)
diztanca to housing
varschil met vorige
ditferance w, pravious
opschuifweg [mm|
push up

maoer druk [bar]

nut press.

naal druk [bar]

hub press.

. =afstand tot as [mm]
distance 1o shaf

form 2008192 p.3
=2009909
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TITLE : ASSEMBLY SWITCH FAGE | .
TYPE : ASSEMBLY NR.TOO03004611 DRAWING : JDO0D4611
LIST 1 TO73010044 ORDERNO. : TO7300/01
ITEMNO, N A M E PARTHO. QUANTITY

1 CABLE GLAND WDODES41062 2,0

2 EWITCH WODGBI0227 1,0

| TERMIMAL BOX TOD1023368 1,0

) SLOTTED CHEESE HEAD SCREW M712030376 2,0

5 HEX. SOCEET MEAD CAP SCHEW M7T12045390 1;0

& SUFPORT TOOIDO4610 1,0

7 BLIND PLUG Woo0a997038 1,0

HOTES : = ITEM NUNBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.
- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
DRAWING ARE FOR ILLUSTRATTON ONLY

END or LIST
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STEM SECTION
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2.4 GSTEM SECTION

The main parts of tha stemsectlion are:

the steering Eulrbur
the support pipe
the steering pipe
the vertical intermediate shaft

The pain functions of the stemsection ara:

providing the azimith capability

- penetrating tha hull

- connecting the upper gearbox with the propeller gearbox
- transmitting torgue to the propellsr shaft

The upper flange of the support pipe is bolted to the steering
gearbox; connection to the propeller gearbox isa achieved
through the shank (chapter 2.6).

On the cover of the stearing gearbox four steering units are
mounted, see paragraph 2.4.1. Tha pinion of each steering unit
is i=s connected te the spur gear vwheel, providing the azimuth
function.

The support pipe is the means by which the hull is penstrated
and contains the bearings on which the steering pipe is
carried.

The latter is projecting from the support pipe and has a
flange to which the shank is bolted.

A sealing arrangement is provided for betweaen the support plpe
and the steering plpe cansisting of three ssal rings running
on a ceramic coated liner.

Againet the inner wall ef the steering pipe the oil suction
tube is fitted running from the bottom of the propeller
q:arhnu to a sealing arrangement at the top of the steering
pipe.

The vertical intermediate shaft is fitted with a shrunk
connected sleeve with splines at sach end. It tranamits the
power froe the upper gearbox output shaft to the propeller
gearbox input shafr.
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TITLE : STEMSECTION
TYFE : ASSEMBLY NR.TOOZ016917
LIST : TO73D10021

FAGE

DRAWING

i X
+ 2016917

CRDERND.: TOo7300/01

[TEMNO. H AME PARTND. QUANTITY
2 PIFE, SUPPORT TO02052298 1,0
3 FIPE, STEERING TOO201T7T061 1,0
4 GEAR WHEEL WUB TOD2006705 1,0
5 GEAR WHEEL TO02005774 1,0
6 SPHERICAL ROLLER BEARING,DOUBLE ROW W006210514 1,0
7 SPHERICAL ROLLFR BEARING,DOUBLE ROW WOO6210924 1,0
8 LINER TO02006711 1,0
g HOLDER TOD2006738 1,0

01k COVER TON2017067 1,0
nD1g GERRBOX , STEERING TOOIOLETOB 1,0
pic HEXAGON SOCKET HEAD SHOULDER SCHEW W007350034 6,0
01D HEXAGON NUT M714040036 6,0
11 GLAND TO020167 10 1,0
12 DISTANCE RING TO02006717 1,0
13 RETAINING RING TO02006719 1,0
14 SEE ORDER PARTS LIST TO02939985 1,0
15 LINER TON2017109 1,0
16 HOLDER TO02016713 1,0
17 DISTANCE RING T002016714 1,0
18 COVER 1002006737 4,0
23 BEARING BUSH TOD2016712 1,0
24 RETAINING RING TO02006710 2,0
27 ADJUSTING RING WDO4T75022 24,1
28 BUEH, CENTRING TOO2005869 3,0
29 BUSH, CENTRING TOOA005868 1,0
30 SUPPORTING RING TOO2N06E9] 1,0
i1 SUPPORTING RING TOOZD067BS 1,0
32 INDICATOR TOOZ007059 1,0
A5 SINGLE COIL SPRING WASHER M716100036 20,0
16 HEXAGON NUT M714040033 44,0
38 STUD. SCREW LENGTH 1,25 D M711050432 24,0
13 HEXAGON HEAD SCREW PLUG M7103802586 4,0
40 COPFER SEALING RING M731000340 4,0
41 HEXAGON SCREW M713000480 12,0
42 STNGLE COIL SPRING WASHER M716100033 12,0
HOTES = — ITEN NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

— THE QUANTITIES AND PARTNUMHERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

ORAWING ARE FOR ILLUSTRATTON ONLY
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TITLE : STEMSECTION PAGE s 2
TIPE : ASSEMBLY NR.TOO02D18317 DRAWING : 2016917
LIST : TO071010021 ORDERNO.: TO7300/01
ITEMNO. N A M E PARTNO. QUANTITY
43 HEX. BOCKET HEAD CAP SCREW WOO7281082 48,0
44 CORD RING WITH VULCANIZED JOINT WOOTOOO3I00 1,8
45 HEX. BOCKET HEAD CAP SCREW M712045438 3z.0
47 HEX. SOCKET HEAD CAP SCREW M712040382 40,0
48 HEX. SOCKET HEAD CAP SCREW M712045387 10,0
49 BEARING, CYLINDRICAL ROLLER WOO&E220023 4,0
50 HEX. SOCKET HEAD CAP SCREW M71204538E 24,9
51 HEXAGON BOLT M713005593 24,0
52 HEXAGON SCREW TOD20OT7TOS 4,0
53 BEALING RING TOOZD0D93194 4,0
54 HEXAGON BOLT WoOO7110142 16,0
55 HEXAGON SCHEW M713001450 24,0
56 STUD. SCREW LENGTH 1,25 D M711050435 25,0
57 O=-RING WOOTD3I5628 5,0
58 O-RING WOOTD00B09 4,0
G0 CORD RING WITH VULCANIZED JOINT WOOTO01427 1.0
6l SEAMLESS PRECISTION TUBE M101035304 110,0 MM
62 HEXAGON SOCKET HEAD SHOULDER SCREW WO07150049 2;0
B3 SINGLE COIL SPRING WASHER M71610003%9 25,0
64 HEXAGON NUT M714040039 25,0
65 LINE,DIL TOOZ017103 1;0
66 RING, CENTRIHNG TOR2017063 1,0
67 O=-RTNG woo7oo06e41 1,8
1:% O=RING Wooa0071z2 1,0
69 HEX. SOCKET HEAD CAP ECREW M7Y12040330 T+
70 DIL SEAL WOO7065164 4,0
71 CORD RIMG WITH VULCANIZED JOINT Woorooo297 1,0
73 OIL SEAL WOOT7068163 3,0
T4 CORD RING WITH VULCANIZED JOINT WOOTDO1429 2,0
75 CORD RING WITH VULCANIZED JOINT WooTooo3o0n 1,0
78 SEAMLESS O-RING SEAL W007031005 4,0
77 Y=RING R730030048 1,0
78 CORD RTHG WITH VULCANIEED JOINT WooTO058006 1;0
79 CO=-RIHG RWOQ7000577 240
81 HEXAGON HEAD SCREW PLUC WoO06564111 1,0

NOTES : — ITEM NUMBERS RNOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.
= THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ILLUSTRATION ONLY
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TITLE ; STEMSECTICH PLGE | S
T¥YPE ¢ ASSEMBLY MNR,.TOO2016917 CEAWING : 2016917
LIST TO73010021 CRODERNG. : TO7300/01
ITEMHO. N A M E EAETHG. QUANTITY
B2 DUBC RETAINING RIHNG M716601033 1,0

B3 EED CAP WOO463D023 10

B4 COVER TOD3001793 1,0
E4B O-RING M7 30000140 1.0
BALC GLASS , STGHT TOOIDO17S2 1,0

BS COVER ToD2007058 g

B sTUL, SCREW LENGTH 1,25 D Wwoin7?265027 2+0
BRE HEX. SOCKET HEAD CAP SCHEEW WROT281053 2.0

BY SIHNGLE COIL SPETHG WASHER M71l61G003Y 2,0

g8 HEXAGOHN HUT M714040031 a0

B O=-RING WoO7000809 1,0

o2 HEXACON HEAD SCREW FPLUG M710330254 a0

93 COFPPER SEALTNG RING M73100D323 2,0

o4 EEAMLESS O-RING SEAL WODTDI1006 1;0

g5 STUD. BECREW LEMGTH 1,25 D M71i050486 48,0

=i SINGLE COIL SFEING WASHEER M716100041 48 .0

97 HEXAGON ®HUT M714040041 48,0

98 HEXAGON SCREW WOBT7100410 4,0

o PLATN WASHER M71600D436 4,0
103 ETUD. BCREW LENGTH 1,25 D Wan7?265037 4,0
104 HEXAGON NUT WO07210054 4,0
105 LIQUID TLOCKING ADHESIVE TOODZ00E545 1,0
NOTES ¢ - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIEZ AND PARTNIOMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED T4 BE CORRECT, THE QUANTITIES SHOWN CON THE

DRAWING ARE FOR ILLUSTRATION ONLY

END aFr L I'gmT
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2.,4.1 BTEERING UNIT

The steering unit includes:

2.4.1.1 Hydraulic steering motor

2.4.1.2 Planetary reduction gearbox

2.4.1.3 Azimuth feedback unit

The thruster steering pipe with connected gearbaox and
propeller is rotated by hydraulic power through four steering
motor assemblies fitted on the steering gearbox.

Por lubrication of the reduction gear the same oil may be tused
as applied in the lubricaticon oll system of the thrusters. For
oil types a specification sheéet is included in paragraph 3.
The feedback unit is necessary to return "achieved steering

position™ to the indicators in the contrel stations, as well
as feedback information to the steering control system.
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TITLE
TYPE
LIBT

STEERING MOTCR ASSHY
ASEEMBLY MNR,.TOD20166G6
T0730100213

PROE i %

DRAWING ¢ 2013110
CHODERNG, ; TO07300/01

ITEMNO.

NAME

HYDRAULIC MOTCR
REDUCTION BOX

HEXAGON BOLT

HEXAGON NUT

SINGLE COTIL SPRING WASHER
O-RING

STUD. SCREW LERGTH 1,25 D
SINGLE COlL SPRING WASHER
HEXAGON NUT

STRAIGHT MALE STUD COUPLING
PART NOT APPLICABLE

PART NOT APPLICABLE

HEX ,SOCRET COUNTERSUNK HEAT} CAP SCR

RING, MOUNTING

PARTNO. QUANTITY
TOD2016665 1,0
T002013109 1,0
M713005484 5,0
M714040023 5.0
M716100033 5,0
Won7001021 1,0
WOD7265037 12,0
M716100034 12,0
WOD7210054 12,0
WOO06350147 1,0
TON2999998 1,0
TO02999998 1,0
M712060172 2,0
TONI001656 1,0

NOTES :

= ITEN NUNBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

= THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST

ARE BELIEVED TCO BE CORRECT,

THE QUANTITIES Sid0OWN ON THE

CRAWING ARE FOR ILLUSTRATION ONLY

END oF E1T BT
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HYDRAULIC STEERING MOTOR
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M2 SERIES EPANE PARTS
DESCRIPTION QUANT
1 | metor cover 1 | o128 100 392
2 bolt 8.8 M12x45 10 0 010 D28 244
3 | drain plug 1/2* 1 0 010 022 047
4 | washer 1 0 010 D18 022
5 | magnet plug 1/2* 1 0 010 023 053
& | washer 1 0 010 018 022 E
7 | plastic plug 1/2" 1 0 010 022 015
‘ 8 | cover/body o-ring 1 0 010 012 277 .
9 | bolt hole o-ring 10 0 010 012 261
10 | trunnion seal+o-ring 10 0
11 | bushing 10 (4]
12 | e.clip 10 0
13 | norsal bushing ' 10 | o
14 | short bushing 10 o
. 15 | cylinder s o
16 | cylinder o-ring s o
17 cylinder s=al -] o
18 plston 5 Q
19 | sphar. suop. ring - § ]
20 | retaining ring a2l 0
! 21 | retainer spring ] 2 0
22 | external c.olip 2| o
23 | internal c.clip 2 0
24 | spacer ring 2 o
25 | rollars 14% ]
26 | shaft bearing 2 | o
27 | male shaft unl 1 o
28 | shaft seal babsl. 1 o
29 c.clip 1 1]
motor body 1 ]
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DISTRIBUTOR

Ident nr: 2016665 |-

DISTRIBUTORS

lastic plug

010 021

belt ne 5 12.9 NM12x80

010 025

distributor covar

140 047

o=ring seal

010 013

u—rin1 sanl

010 012

plastic seal

019 0J8

steal anti-extrusion ring

140 000

plastic seal ring

a10 als

u-rlnq gaal

o010 4012

rotary distributor

140 Qoo

bush

140 000

bronze hlarinq disc

140 o000

location pins

010 020

distributor drive pin

oo jo @ ja o |jo o |ajo |jo o |o

1120103
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CHAPTER 2.4.1.2

PLANETARY REDUCTION GEARING
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LIPS THRUSTERS DRUNEN B.V.

CHAPTER 2.4.1.3

AZIMUTH FEEDBACK UNIT
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VAF3 LIPS

TITLE : AZIMUTH FEEDBACK UNIT PAGE S |
TYPE : ASSEMBLY NR.T003002491 DRAWING : 2014339
LIST : TO73010024 ORDERNO.: TO7100/01
ITEMNO. N A ME PARTHO. QUANTITY
o FOWDER TOOD20063154 .0
% PLATE, BASE TO0Z2010151 1.8
2 RING TO03I002120 1.4
3 PLATE, BASE TOO3002118 1.8
4 BUSH TOO2014174 1.0
5 SHAFT TOD2014175 1,0
& SHAFT TOOZ010145 1,0
v SHAFT TORZ010144 =
8 GEAR WHEEL TO02010651 1,0
9 GEAR WHEEL TOD2010652 i 1)
10 GEAR WHEEL 1002010142 1.0
11 GEAR WHEEL Top2006116 1,40
12 DIAL TOOZ2014176 . |
13 POINTER TOD1I001B33 ol v
14 BUSH TODZ2010140 i
15 GLASS,SIGHT TON2010148 1490
16 PACKING TO02010146 1,4
17 X-SEALING RING Woo7o0312004 prb
18 O=RING Won7001412 1,0
20V FOTENTIOMETER TO03000R32 1.0
21 SLOTTED CHEESE HERD SCREW M712030372 2,0
23 RAIL TOD01032500 0,0 MM
23 CLIP TOO2013019 a,0
24 WASHER, SQUARE TO02013020 1,0
25 END PLATE TOO103249%9 2,0
26 HEXAGON SCHEEW HMY¥13001326 4,0
27 HE¥X. SOCKET HEAD CAF BCREW M712045126 4,0
28 CLIP,BINDING TOO1036516 2,0
29 SCREW WOO7355085 1,0
30 SLOTTED CHEESE HEAD SCREW M712030372 1,0
i1 SLOTTED CHEESE HEAD SCREW M712031424 4,0
3z CLIP,BINDING TOO1036516 3,0
a3 HEX.SCCKET SET SCREW W.CUP POINT M712024066 B,D
34 TEANSMITTER BOX TODZO010154 1,0
a5 NUT TOD1044147 4,0
NOTES : — ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND FPARTNUMBERS SHOWN ON THE PARTE LIST
ARE BELIEVED TCo BE COORRECT,
DRAWING ARE FOR TLLUSTRATION ONLY

IHE QUANTITIES SHOWN QN THE
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TITLE
TYPE
LIST

AZIMUTH FEEDBACK UNIT
ASSEMBLY NR.TOD3IOOR491
TO73010024

PAGE

DRAWING

L 2
2014335

DRDERNQ. : TO73I00/01

ITEMNO.

a6
37
ag
3g
40
Al
432
43
a4
45
15
a7
48
49
50
51
52
53
54
55
58
59V
=]
61
62
B3
64
65
66
&8
70
71

NAME

CABLE GLAHD

HEAVY THFPFE CYL. SPRING DOWEL
POTENTICMETER
FOTENTICHETER

HEAVY TYPE CYL. SPRING DOWEL
HEAVY TYPE C¥L. SPRIHG DOWEL
RETAINRING RING FOR SHAFT
CABLE GLAND

HoT

FLAIN WASHER

BLIND PLUG

TYPE SHIELD

STRAIGHT GROODVED PIH
BUSHING, COLLAR

BEACEET

FART NOT APPLICABLE

PART HOT APPLICRELE

FART NOT APPLICABLE

PART HOT APPLICAELE

FPARET HOT APPLICABLE

PART NOT APPLICABLE

GEAR WHEEL

CEAR WHEEL

GEAR WHEEL

HMARKING ; HUMBER

MAREING  NUMBER

MARKING, NUMBER

CLAMPING RING

PLAIN WASHER

BEARING, SLIDE

HEX. SOCKET HEAD CAP SCEEW
DUBD RETATWING RING

PARTND.

TOoO1033B87E
M718500124
WOO6912289
TOOINOZEOY
M718500128
M71B50012Z4
MT1R700160
TOD103387H
TOCLO044 147
HT1a(00oz3
WOOBaS7038
TQOIZDOE13
Woo7sB0262
TOO1071958
To030021159
TOD2999598
TO0Z399998
TODZ9%9998
TOOZ2 239908
TOD29995998
Toh2999593
Too2008116
TOO2008116G
TOLZ0D611E
TOOZ2013255
TO0Z013255
TOOZ2013257
TOO2014177
WOO1980005
TOD2010156
M71z040072
M716601023

QUANTITY

W TEr gy Uy T vy gy A W P SO I X RS G - S SV P S o
Tt e T R e e T K R L R R S R e ol T e
ol B e T o (e o s B o e R e Yt o o . B e R e B o B e e R e e 0 o O R i o [ e e Y o s e

NOTES @

- ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS TINSTALL.
- THE QUANTITIES AND FPARTNUMBERS SHOWN ©N THE FPARTES LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ITLLUSTRATION ONLY

END o F L T BT
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EE Llps TERENE

TITLE : TRANSMITTER FOUNDATICH PAGE i |y
TYPE : ASSEMBLY NR.T002013982 DRAWING : 2010530
LIST : T073010035 ORDERNG,: TO7300/01
ITEMNG . N AME FARTHO. QUANTITY

1 GEAER WHEEL mToo2005870 ;8

2 BLUSH TOO2010204 1,0

3 SHAFT TO02010203 1,0

4 COVER TOOZ013981 1,0

5 CLAMPING RING TOO2010214 1,0

& PIN, SPACER TOO2010215 4,0

7 FLEXIBLE COUBLING TOOZ010561 1,0

10 PLAIN WASHER WOO7375037 L0

11 SELF LOCEING HEX.NWUT WITH NYLON INS M714050036 1,0

12 HEAVY TYPE CYL. SPRING DOWEL M718500376 1,0

13 SEAMLESS O=-RING SEAL WOg 7031005 1,0

14 SEALTNG. RING TO01001109 1,0

15 HEXAGON SCEEW M713000374 6,0

1 WV=RTHGE M730030020 1y0

18 HEAVY TYPE CYL. SPRING DOWEL M716500232 2,0

19 HEX. SOCKET HEAD CAP SCREW M712045180 4,0

NOTES : — ITEM NUMBEES NOT LISTED HAVE NOT BEEN USED - IN THIS INSTALL.
- PHE QUANTITIES AND FARTNUMBEERS SHOWN ON THE PARTS LIST
ARE BELIEVED 'O BE CORRECT, THE QUANTITTES SHOWN ON THE
DRAWING ARE FOR ITLLUSTHATION ONLY

END QF LI B.'T
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CHAPTER 2.5

INTERMEDIATE SHAFT
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LIPS THRUSTERS DRUNEN B.V,

£:5 INTERMEDIATE SHAFT

The intermediate shaft is mounted between the upper gearbox
shaft and the lower gearbox. It takes care of the power
transmission from the upper goarbox to the lower gearbox.

On the top side connected to the vertical shaft of the upper
gearbox and on the lower side connected to the vertical input
shaft lower gearboXx.
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33 LIPS eane

TITLE : INTERMEDIATE SHAFT PAGE | T
TYPE : ASSEMBLY NR.TO03004050 DRAWING : 3004045
LIST : TO73010022 ORDERNO.: TO7300/01
ITEMNO. N A M E FARTRO. QUANTITY

1 LOCKING WASHER TOD2017113 1,0

2 HEX. SOCKET HEAD CAP SCREW M712040280 8,0

3 SLEEVE TO02013169 2,0

] INTERMEDIATE SHAFT TOO0O3I 004048 1,0

NOTES : -— ITEM NOMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.
= THE QUANTITIES AND PARTNUMBERS SHNOWN ON THE PARTS LIST
ARE BELIEVED TO BE CCORRECT, THE QUANTITISES SHOWN ON THE
DRENING ARE FOR ITLLUSTRATION ONLY

END or LIart
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CHAPTER 2.6

SHANK ASSEMBLY
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2.5 EHANE ASSEMBLY

The shank connects the steering pipe with the propeller
gearbox.

It ig a GEE 40 cast constriuction in which the connection 1is
made between the propeller gearbex input shaft and the
vertical intermediats shaft.

The space is filled with oil which is circulated through the
propeller gearboXx.
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V33 LIPS

TITLE : SHANE ASSEMBLY PRGE H] 1
TYPE ¢ ASSEMBLY NR.TOOZ013593 DRAWING : 1017951
LIST ¢ TOT3010014 QEDEREHG. ; TO7300/01
ITEMNO. N A M E BARTHNG, QUANTITY

1 SEHANE TOQZ2013411 1.0

3 TUBE, OLL TOO1017918 1,0

g BOLT, SHOULDER TOO10160%1 22,0

7 STUD, SCREW LENGTH 1,25 D WoO7265034 a0, 0

g HEXAGON MWUT Woo7210132 30,0

BAE LOCKING WIRE WOO7E50008 3,1 MT

=] HEXAGON SCRENW M7123000528 18

14 O=RING WOOTO035628 1,8

11 O-RING Woo7o001297 2,0

12 O=RING WOOT7001385 1.0

13 pIsC TOG1017975 1.0

14M COMNECTING PLATE TO02011140 2.0

15N HEXAGON SCREW M713000738 4,0

16N PLAIN WASHER M7 16000050 20,0

17H HEXAGON SCREW M7131000&638 4,0

18 BUSH TOG2015668 4,0

19 COVER TOoO2051911 1,8
HOTES : — ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR JTLLUSTRATION ONLY

END oF LIBT
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CHAPTER 2.7

LOWER GEARBOX
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2.7 LOWER GEAREOX

The lower gearboX is a high capacity, single-stage angle drive
in a streamlined casing.

The pinion shaft - pointing vertical upwards - is driven by
the intermediate shaft, which transmits the powar from the
uppar goearbox.

The bevel gears are designed with cyclo-palloid teeth, case-
hardened and subsequantly carbide-milled according to the HPG
process.

Pinion and pinion shaft are one-piece [undivided).

The crown gear is bolted to the forged on Tlanga of the
propeller shaft.

Tha lpad-carrying anti-frictlon bearings are caloulated for an
extended service life.

Tha appllance of a sub-asszepbled pinion shafr bearing
arrangement, lmprovas the adjustibllity and Facilitates
mounting.

Te avoid deflection dus to the radial component of the tooth
load, the pinion is supported in spherical rollar bearings at
both sides.

Axial forces due to the axial compapent of the tooth load,
just as additional forcea from the intermediate shaft, ace
absorbed by twe self-allghing thrust bearings.

The propeller shaft is gepercusly designed to ensure ths
absence of deflection under load and is supported in two
spherical roller bearings. The thrust loads are absorbed by
two self-aligning thrust bearings.

The “preopeller side™ bearing takes care of the endwise
displacement due to temperature influences.

Dispose of ail is avoided by the propeller shaft seal. fee
chaptar 2.7.1 for additienal information.

The propeller is keyless taper fitted oh the propeller shaft.
For detailed propeller information see: chapter 2.8.1.

For propeller asseably see: chapter 2.B.

lubrication of the motlve parts

See chapter 5 for a description and diagram of the lubrication
ail systen.

As the gearbox is copstantly fully filled with sil, all motive
parts are running submerged In oil.

The eoil from the header tank passes through the stearing
column to the lower gearbox and is returned by a restricted
oil sucticn 1line which reaches down to the bottom of the
gearbox where it picks up the oil. 1n this way a low
girculation is realized which makes the oil Is continuously
rafreshed.
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F4E3 LIPS

TITLE : LOWER GEARBOX ASSEMBLY PAGE 4R
TYPE : ASSEMBLY NR.T002016918 DRAWING : 2013539
LIST : TO073000011 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY
1 POD T003002416 1,0
2 BEARING COVER T003002419 1,0
3 BEARING HOUSING T001011266 1,0
4 PLATE, CLAMPING T002013576 1,0
5 COVER T002013415 1,0
6 BEARING COVER T002013577 2,0
i COVER T002051645 1,0
8 BEARING HOUSING T001011270 1,0
B METAL AND RUBBER SEAL RING (BONDED WO006580044 1,0
10 HEXAGON HEAD SCREW PLUG 7 - W006552115 1,0
13 GEAR SET FOR POD T002016951 1,0
12 BUSH T002014638 1,0
17 SHAFT , PROPELLER, COMPLETE T001011264 1,0
18 PART NOT APPLICABLE T002999998 1,0
19 PART NOT APPLICABLE T002999998 1,0
20 HEXAGON CASTLE NUT T002051359 1,0
21 RING, BLOCKING T002012557 1,0
22 BUSH T002012552 1,0
23 DISTANCE RING T002013583 1,0
24 RING IN TWO PIECES T001011300 1,0
25 DISTANCE RING T002013486 1,0
27 RING T001011187 1,0
30 DOWEL T001016068 1,0
31 LINE,OIL T001016098 1,0
33 HEX.SOCKET SET SCREW W.CUP POINT M712085276 220
34 SHIM T001017976 1,0
35 PIN T001017984 3,0
36 SPRING T002004954 12,0
38 SPRING T001003859 12,0
39 PIN T002012950 1,0
40 SPHERICAL ROLLER BEARING,DOUBLE ROW W006210918 1,0
41 SPHERICAL ROLLER BEARING,DOUBLE ROW W006210908 1,0
42 SPHERICAL ROLLER THRUST BEARING W006260041 1y 0
43 SPHERICAL ROLLER THRUST BEARING W006260025 2,0
44 SPHERICAL ROLLER BEARING,DOUBLE ROW W006210906 2,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ILLUSTRATION ONLY



Vi3 LIPS

TITLE : LOWER GEARBOX ASSEMBLY PAGE : 2
TYPE : ASSEMBLY NR.T002016918 DRAWING : 2013539
LIST : T073000011 ORDERNO.: T07300/01
ITEMNO. N A M E PARTNO. QUANTITY

45 SPHERICAL ROLLER THRUST BEARING W006260024 1,0

47 CORD RING WITH VULCANIZED JOINT W007001397 1,0

48 0-RING W007001384 1,0

49 0-RING W007000433 1,0

50 0-RING W007001218 1,0

51 SEAMLESS O-RING SEAL W007000028 1,0

52 SEAMLESS O-RING SEAL W007031011 1,0

53 0-RING W007030700 1,0

54 CORD RING WITH VULCANIZED JOINT W007001385 1,0

55 RETAINING RING FOR SHAFT M718700442 1,0

56 METAL AND RUBBER SEAL RING (BONDED M735000230 %10

57 HEXAGON BOLT M713005588 12,0

58 PIPE CLAMP T002006886 1,0

59 PLAIN WASHER M716000439 12;6

60 PLAIN WASHER W007375034 20,0

61 HEX. SOCKET HEAD CAP SCREW M712045592 20,0

62 HEXAGON BOLT W007110144 30,0

63 HEXAGON SCREW W007100387 12,0

64 HEX. SOCKET HEAD CAP SCREW W007281104 12,0

65 HARDENED CYL. PIN W007580265 6,0

66 HEXAGON SCREW W007100386 8,0

67 HEXAGON BOLT M713005647 8,0

68 HEXAGON BOLT W007110155 2,0

69 HEXAGON BOLT M713005587 12,0

70 HEX.SOCKET SET SCREW W.CUP POINT M712085374 4,0

71 HEX. SOCKET HEAD CAP SCREW M712040332 4,0

72 COVER, FATRING T002000166 1,0

73 HEXAGON SOCKET SCREW PLUG W006564104 4,0

74 PROPELLER SHAFT SEALING 7002016973 1,0

75 HEX. SOCKET HEAD CAP SCREW M712045438 16,0

76 HEXAGON HEAD SCREW PLUG W006564110 1,0

77 LOCKING WIRE W007550008 3,8 MT
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ILLUSTRATION ONLY

END OF L-L 8 3
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TITLE : LOWER GEARBOX ASSEMBLY PAGE : 1
TYPE : ASSEMBLY NR.T002016961 DRAWING : 2013539
LIST : T073010019 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY
1 POD T003002416 1,0
2 BEARING COVER T003002419 1,0
3 BEARING HOUSING T001011266 1,0
4 PLATE, CLAMPING T002013576 1,0
5 COVER T002013415 1,0
6 BEARING COVER T002013577 1,0
7 COVER T002051645 1,0
8 BEARING HOUSING T001011270 1,0
9 METAL AND RUBBER SEAL RING (BONDED W006580044 1,0
10 HEXAGON HEAD SCREW PLUG W006552115 1,0
11 GEAR SET FOR POD T002016956 1,0
12 BUSH T002014638 1,0
17 SHAFT, PROPELLER, COMPLETE T001011264 1,0
18 PART NOT APPLICABLE T002999998 1,0
19 PART NOT APPLICABLE T002999998 0,0
20 HEXAGON CASTLE NUT T002051359 1,0
21 RING, BLOCKING T002012557 1,0
22 BUSH T002012552 1,0
23 DISTANCE RING T002013583 1,0
24 RING IN TWO PIECES T001011300 1,0
25 DISTANCE RING T002013486 1,0
27 RING T001011187 1,0
30 DOWEL T001016068 1,0
31 LINE,OIL T001016098 1,0
33 HEX.SOCKET SET SCREW W.CUP POINT M712085276 2,0
34 SHIM T001017976 1,0
35 PIN T001017984 3,0
36 SPRING T002004954 12,0
38 SPRING T001003859 12,0
39 PIN T002012950 1,0
40 SPHERICAL ROLLER BEARING,DOUBLE ROW W006210918 1,0
41 SPHERICAL ROLLER BEARING,DOUBLE ROW W006210908 1,0
42 SPHERICAL ROLLER THRUST BEARING W006260041 1,0
43 SPHERICAL ROLLER THRUST BEARING W006260025 2,0
44 SPHERICAL ROLLER BEARING,DOUBLE ROW W006210906 2,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

ARE BELIEVED TO BE CORRECT,
DRAWING ARE FOR ILLUSTRATION ONLY

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
THE QUANTITIES SHOWN ON THE
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TITLE : LOWER GEARBOX ASSEMBLY PAGE § 2
TYPE +: ASSEMBLY NR.T002016961 DRAWING : 2013539
LIST : T073010019 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY

45 SPHERICAL ROLLER THRUST BEARING W006260024 1,0

47 CORD RING WITH VULCANIZED JOINT W007001397 1,0

48 O-RING W007001384 1,0

49 O-RING W007000433 1,0

50 O-RING w007001218 1,0

51 SEAMLESS O-RING SEAL W007000028 1,0

52 SEAMLESS O-RING SEAL W007031011 1,0

53 O-RING wW007030700 1,0

54 CORD RING WITH VULCANIZED JOINT Ww007001385 1,0

55 RETAINING RING FOR SHAFT M718700442 1,0

56 METAL AND RUBBER SEAL RING (BONDED M735000230 1,0

57 HEXAGON BOLT M713005588 12,0

58 PIPE CLAMP T002006886 1,0

59 PLAIN WASHER M716000439 12,0

60 PLAIN WASHER W007375034 20,0

61 HEX. SOCKET HEAD CAP SCREW M712045592 20,0

62 HEXAGON BOLT W007110144 30,0

63 HEXAGON SCREW W007100387 12,0

64 HEX. SOCKET HEAD CAP SCREW W007281104 12,0

65 HARDENED CYL. PIN W007580265 6,0

66 HEXAGON SCREW wW007100386 8,0

67 HEXAGON BOLT M713005647 8,0

68 HEXAGON BOLT W007110155 2,0

69 HEXAGON BOLT M713005587 12,0

70 HEX.SOCKET SET SCREW W.CUP POINT M712085374 4,0

7 HEX. SOCKET HEAD CAP SCREW M712040332 4,0

72 COVER, FAIRING T002000166 1,0

73 HEXAGON SOCKET SCREW PLUG W006564104 4,0

74 PROPELLER SHAFT SEALING T002016973 1,0

75 HEX. SOCKET HEAD CAP SCREW M712045438 16,0

76 HEXAGON HEAD SCREW PLUG W006564110 1,0

T LOCKING WIRE Ww007550008 3,8 MT
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
DRAWING ARE FOR ILLUSTRATION ONLY

END OF LI 8%
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TITLE : FIN PAGE : 1
TYPE : ASSEMBLY NR.T002016919 DRAWING : 2001357
LIST : T073010016 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY

1 FIN T002016865 1,0

2 HEXAGON SCREW W007100413 20,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ILLUSTRATION ONLY

END

oOF
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2.7.1 PROPELLER SHAFT SEAL

The lower gearbox is equipped with a "Waukesha-Lips" propeller
shaft seal; type M2M 330.

Main features are: (see drawing W007090364)
- Cast iron seal ring casing.
- Liner with coated wearing surface.

In case of seal failure, the static gauge pressure inside the
gearbox will prevent water ingress.

The seals can be inspected in place and renewed without
removal of the propeller. This method of replacement is
achieved by bonding.

For an illustrated description of aforementioned method ,
which requires special equipment, see instr.sheet T003004075,
chapter 9.
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ric3 LIPS

PARTS LIST

AFT SEAL ASSEMBLY
TYPE : 330 MK2M
DRAWING NR. : W007090364 A3
REVISION :D
NR/ SPARE/
IT NAME MATERIAL UNIT UNIT DIMENSIONS/REMARKS
1 Liner Chrome steel 1
2 Casing flange GG 30 1
3 Intermediate ring GG 30 1
4 Support ring GG 30 1
5 Cover (in 2/2) GG 30 1
6 Clamp St1.8.8/SS 41 4
7 Seal ring Viton 2 with spring
8 Hex. head bolt S1.8.8/SS 41 4 M8 x 16
9 Socket head screw X 5 CrNi 18 10/SUS 304 12 M12 x 90
10
11
12 Spring washer X 5 CrNi 18 10/SUS 304 12 for M12
13 Seal ring Viton 1 with coated spring
14 Plug X 5 CrNi 18 10/SUS 304 6 BSP 1/8°
15
16
17 Hex. head bolt X 5 CrNi 18 10/SUS 304 12 M16 x 40
18 Hex. head bolt X 5 CrNi 18 10/SUS 304 12 M12 x 35
19 O-ring Nitrile rubber 1 1 I.D. 297 x 12
20 Washer Copper 6
21 Locking wire X 5 CrNi 18 10/SUS 304 1 1 Dia.1 6m
22 Sheet packing Non-asbestos 1
23
24
25
26 Name plate Aluminium 1
27 Drive nail Ni-plated, harded steel 2
28 Sheet packing Non-asbestos 1
29
30 Transport plate $1.8.8/SS 41 1
31 Hex. head bolt St.8.8/SS 41 5 M16 x 25
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2.3 PROPELLER ASSEMBLY

The propeller is keyless taper fitted on the propeller shaft.

See drawing 1017990 for propeller assembly.

Procedure 2006192 must be followed to be certain propeller and

propeller shaft are properly fit together.

Before starting the mounting procedure, make sure that all

required special attachments are on hand. See drawing 1016061.

L

Successive mounting actions:

- Check the propeller shaft seal for correct mountlng and make
sure that the liner seal (o-ring) is placed in position.

- Perform mounting procedure 2006192. g

- Fasten propeller shaft liner to the propeller hub.

- Mount the split fairing.
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TITLE : PROPELLER ASSEMBLY PAGE £
TYPE : ASSEMBLY NR.T001017990 DRAWING : 1017990
LIST : T073010013 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY

1 CAP T001011294 1,0

2 DISC T001016043 1,0

3 GLAND T001016055 1,0

B SEE ORDER PARTS LIST T002999985 1,0

5 PACKING, LABYRINTH T001016069 1,0

6 COVER, FAIRING,IN TWO PIECES T001016094 1,0

7 PART NOT APPLICABLE T002999998 1,0

8 HEX.SOCKET SET SCREW W.CUP POINT M712085374 2,0

9 CORD RING WITH VULCANIZED JOINT W007000575 1,0

10 HEXAGON SCREW W007100391 8,0

11 HEXAGON BOLT W007110143 12,0

12 HEXAGON SCREW W007100387 12,0

13 HEXAGON BOLT M713005638 8,0

14 PART ON OTHER PARTS LIST T002999990 3,0

15 PLAIN WASHER W007375026 1240

16 O-RING W0070009209 1,0

17 PLAIN WASHER M716000436 8,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

END

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST

ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ILLUSTRATION ONLY

OF 1 R 1 - R
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rev.1994.02.15
page: 1
EKEYLESS PROPELLER MOUNTING

The bluefit of propeller and hub is to be checked in the
presence of the Surveyor prior to the fitting. A fitting
protocol is made on 2006192 p.3

1. Two fit tests are required and it is strongly recommended
that these be carried out in a workshop.

2. Ensure that the propeller and propellershaft have the same
temperature when they are fitted.

3. Reference marks should be made on the shaft and propeller
boss to ensure an approx. equal relative position for each
mounting. Mark the spot for measuring distance "Y" as
well.

4. The shaft taper and propeller hub should be spotless clean
and lightly oiled with similar hy-oil as used in the high
pressure pumps.

5. Place the propeller carefully onto the shaft and mount the
high pressure push-up equipment as indicated on the
propeller mounting drawing: 1016061.

6. With the hydraulic nut and a high pressure pump, the
propeller is pushed up with a pre-load, which is also the
startpoint load.

Minimum startpoint load: 100 kN, valid for horizontal
mounting.

[corresponding pressure: 67 bar].

Should vertical (downward) mounting be carried out, the
preload pressure should be reduced with the weight of the
propeller divided by the annular area of the hydraulic
nut.

7. The two outer HP connections (Al & A2) on the boss are
connected to the high pressure pump(s) while the centre
one (B) is used to vent the boss.

8. Mount a dial gauge as indicated on the drawing to monitor
the push-up distance. Adjust the dial gauges to zero.
(Only the hydraulic nut is pressurized with the preload).

9. The push-up distance depends on the temperature and should
be taken from the drawing
The start point distance between hub and gearbox face is
measured with a micrometer.
(Only the hydraulic nut is pressurized with the preload).

10. Pressurize the boss until o0il escapes bubble-free from the
central or single HP connection on the boss. Then plug or
tighten. Now further pressurize the boss until oil escapes
between hub and shaft.
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LIPS THRUSTERS DRUNEN B.V. ID.N’: 2006192

rev. 1994.02.15
page: 2

11. After the equipment has been fitted pressurize the
hydraulic nut to push up the propeller with the correct
distance while the boss is kept under (increasing)
pressure. Tolerance on the push up distance: +/- 0.08 mm.

12. When the push-up distance is reached, release the pressure
in the boss while the hy-nut remains under pressure for
approximately 15 minutes. The distance "Y" may be measured
(between hub and gearbox) to check the dial gauge reading.

13. To remove the propeller, release pressure from the
hydraulic nut and retract the push-up unit for slightly
more than the push-up distance. Pressurize the boss and
the propeller will come off at once.

14. Alternatively, pressurise the boss again, leaving the nut
in position. The propeller will slip off gradually,
compressing the hydraulic nut.

15. Now the propeller should be fitted for the second time.
Again the preload condition should be applied, whereafter
the gauge is set again to zero.

16. The starting point distance should be equal to that for
the first fitting. The difference may vary by 0,1 mm
(+ or =). (difference caused by setting of the surfaces).
Then push up as before.

If necessary, repeat until the difference in push-up
length with the previous fitting is within a.m. limits.

17. When the propeller is definitely fitted the surveyor will
record the details and certify the propeller fitting.

18. Dimension "X" should be measured with an accuracy of
0.01 mm. The distance ring or retainer plate must be
ground to this thickness. It is advised to stamp this
value and the thruster's building number into this ring or
plate.

19. Fit the ring and box up the propeller, completely with cap
and fastening materials.

20. The HP connection(s) in the boss should be closed with the
destined plugs.

21. For future dismounting/remounting, note markings as per
item 3 for relative position. The push-up distance will be
determined by the machined retainer plate or distance ring

, only, i.e. irrespective of temperature and without the use

(J’ of dial gauge, micrometer.
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Form.nr 2006192 -page 3

LIPS THRUSTERS

Konische verbinding / Taper fit

Datum:
Date

Order naam:
Order name

Volgnr:
Sequence nr.

Keur:
Class
Instructie:
Instruction

Soort verbinding:
Which connection

2006192/ 2007337

brons staal

LTD order nr.

Type Thruster:

Bouwnr.:
Building nr.

Schroefnr.:
Propeller nr.

Op—pers tek.:
Mounting drw.

eventueel vooraf invullen

Temp. naaf en as:
Temp. hub & shaft
bijpeh. opschuifweg:
corresp. push-up

alleen ter plekke invullen

°C

mm

gebruikte persmoer:
hy-nut used

bijbeh. voordruk:
corresp. pre~load

bar

hor. / vert.

1e montage

2e montage

3e montage

voordruk [bar]
preload

afstand tot huis [mm)]
distance to housing

verschil met vorige
difference w. previous

opschuifweg [mm]
push up

moer druk [bar]
nut press.

naaf druk [bar]
hub press.

mafstand tot as [mm)]
distance to shaft

LTD

Class

Naam

Paraaf

form 2006192 p.3
=2009909



E LIPS sssmams

LIPS THRUSTERS/KEYLESS calc.date S:/D42 95.08.16 3j
KEYLESS PROPELLER FIT
job identification: T07300/01 AGOR NOAA

refer to drawing 1016061

—— T

= DIMENSIONS =

hub dia front.sissesesssvassvoe 815 mm
hub dia middle...scevnenseians 666.500 mm
hub dia rear.....«..: hEE s 518 mm
shatt dina, fronticvssssananeis 300 mm
shaft central bore....sssuessas 0 mm
bearing length....cceevvenne .o 655 mm
taper ratlo..:ccenvanssvansans 25

= MATERIALS =

Young's modulus hub........... 121 kN /mm2
ALLLO BhALE s ssvansa s o 206 kN /mm2
Polsson ratio hub.c.cecscessase 0.330

ALEED BRAET L s o via viewie/o:n ol ajm e ot 0.300

yield point hub...csscevasonas 245 N/mm2
ditto BHEFL..ueaawsnicses s el 500 N /mm2

linear exp. coeff. hub........ 1.6000E-05
ditto shaft......ss00cv00sevusss 1,1B00E-05

= LOADS =

POWEE o « s 5004055 00 daaidae o imiae e 2206 kW

input speed......ivessmeas “was 900 rpm

geay ratloscississsnmsisamenss 5.0769
torgionals...cocvecercacnns cos 25 %

total thrust.... . csveies csuaee 251 kN

PrOpRLIer PArt: . s iiavevrsee e 1

= FITTING =

service friction coeff........ 0.130

assist. prop. mass......cc00.. 0 kg

hydr. makeeevsseesessasSKE HUV 45 A

press. area nut....... o 152 cm2

dry/oil mounting O0/1l...... el 1

= REQUIRED PERFORMANCE =

torque safety value.......c.ss 2.800 at max. temp.
stress safety value........... 1.400 at min. temp.
max. temperature........... o 35 Centigrade
min. temperature........ csense 0 Centigrade

RESULTS

Temperature 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
min. pull-up 6.07 5.91 5.76 5.61 5.46 5.31 5.16 5.01
max. pull-up 10.23 10.08 9.93 9.78 9.63 9.48 9.33 9.18
s e de ke v ok e ok ok ok e e ok gk ok o ok ok ok o o o ok o ok o o ok ok e o o ok e ok o e ke o e ke ok e ok ok i ok b b ok ke b ok g ke ke o o ok o o o ok o o o ok o e ke e o e ke o e ke ke o
design pull-up 9.60 9.45 9.30 9.15 9.00 8.85 8.70 8.55

pull-up tolerance = +/- .5
I 2RSS SRR RSS2SR Rttt ittt RRRRRERR SRR R RS S

contact press 70.96 69.90 68.85 67.79 66.73 65.67 64.61 63.56
stress safety 1.42 1.44 1.46 1.48 1.51 1:53 1.56 1.58
contact press 69.93 68.77 67.61 66.45 65.30 64.14 62.98 61.83
torque safety 4.53 4.48 4.43 4.38 4.33 4.27 4.22 4.16
Safety values implicate pull-up tolerance.

minimum start point load...... 100 kN

corresponding pressure........ 67 bar

- ————— i —— - —

final nut press. at 20 C appr 1001 bar, injection press. appr 960 +/- 45 bar
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TITLE : TOOL PAGE & 2
TYPE : ASSEMBLY NR.1016061 DRAWING : 1016061
LIST : T073010018 ORDERNO.: TO07300/01
ITEMNO. N A ME PARTNO. QUANTITY

X HYDRAULIC NUT W007250330 1,0

2 GLAND T001016057 1,0

3 STUD T003000538 8,0

4 PART NOT APPLICABLE T002999998 1,0

5 PLAIN WASHER W007375031 8,0

6 PART ON OTHER PARTS LIST T002999990 1,;0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE

DRAWING ARE FOR ILLUSTRATION ONLY

END OF LIS8T
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CHAPTER 2.8.1

PROPELLER
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2.8.1  PROPELLER

The monobloc propeller is keyless taper fitted on the
propeller shaft.

For propeller mounting and assembly see chapter 2.8.

For design data, blade dimensions and blade finishing
tolerances see drawing W009953103.
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LIPS THRUSTERS DRUNEN B.V.

2.8.1 PROPELLER

The monobloc propeller is keyless taper fitted on the
propeller shaft.

For propeller mounting and assembly see chapter 2.8.

For design data, blade dimensions and blade finishing
tolerances see drawing W009953103.
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TITLE : PROPELLER, SHIP,FIXED PAGE : 12
TYPE : DRAWING :
LIST : W009953205 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY

b K PROPELLER, SHIP, FIXED W009953103 1,0

2 PROPELLER, SHIP, FIXED W009953104 1,0

3 HEXAGON SOCKET SCREW PLUG W006564007 3,0

4 COPPER SEALING RING M731000290 3,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

= THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
DRAWING ARE FOR ILLUSTRATION ONLY

END O F L X BT
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CHAPTER 2.9

CATHODIC PROTECTION
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2.9 ANODE PLAN
The cathodic protection of the thruster wetside is provided by
means of zinc anodes.

The zinc anodes are mounted on the well-box.

These anodes are sufficient for a period of five years in
normal conditions.
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TITLE : ANODE PAGE A |
TYPE : ASSEMBLY NR.T002016967 DRAWING : 2016967
LIST : T073010017 ORDERNO.: T07300/01
ITEMNO. N AME PARTNO. QUANTITY

1 ZINC ANODE wW008997015 7,0

2 BAR, FLAT , BRIGHT M301012586 1500,0 MM

3 ZINC ANODE W008996883 2,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
DRAWING ARE FOR ILLUSTRATION ONLY

END OF T 8T
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TITLE : WELL BOX PAGE s 1
TYPE : ASSEMBLY NR.T003001818 DRAWING : 3001818
LIST : T073010080 ORDERNO.: T07300/01
ITEMNO. N A M E PARTNO. QUANTITY

5 WELL BOX T002017106 1,0

2 WELL BOX T002017110 1,0

3 HEXAGON SCREW W007100466 16,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
DRAWING ARE FOR ILLUSTRATION ONLY

END OF ) 3 R - HRL
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LIPS THRUSTERS DRUNEN B.V.

CHAPTER 3.1

ADJUSTABLE THRUST BLOCKS
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TITLE : ASSEMBLY THRUST BLOCK PAGE S !
TYPE DRAWING : 3003802
LIST : T073010083 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY

1 BUSH, PROTECTING T003001701 8,0

2 SPLIT PIN M717710382 8,0

3 HEXAGON NUT W007210123 16,0

4 WASHER T003001702 16,0

5 CUP SPRING W004020008 144,0

6 PIPE T003002234 8,0

i HEXAGON SCREW M713000431 48,0

8 SINGLE COIL SPRING WASHER M716100031 48,0

9 LOCKING WIRE W007550004 3,2 MT

10 THRUST BLOCK T003003803 1,0

11 O~RING M730000144 8,0
NOTES : = ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST

ARE BELIEVED TO BE CORRECT,
DRAWING ARE FOR ILLUSTRATION ONLY
END

OF L X8 R

THE QUANTITIES SHOWN ON THE
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INSTRUCTION NR 3003801 REV. 1
DATE 19940308 PAGE 1/4

NSTALLATION OF MOUNTING CAN WITH JUSTABLE THRUST BLOCK

Characteristics: Upper support Chockfast.
Lower support Grade A, or similar.

If final ass'y well-box with launched ship is required see items
5b up to 11b.

Definition:

The main thrust reaction between well-box and ship is
transmitted by thrust pads situated at the lower end of the
well-box. Each thrust pad set consists of an inner-, center- and
outer member. The inner members, as supplied, are already
permanently attached to the well-box. The vertical positions of
the center members are adjustable by threaded spindles which
protrude from the upper well-box flange. The center members, as
supplied, are machined in a wedge shape to facilitate
tensioning. The outer members are to be delivered by the ship-
yard, and must be of stainless steel 316L or equivalent. For
dimensions see respective drawing.

Conditions:

- The ship's well must be of corresponding dimensions. Flange
is yet undrilled. The pads are wedge shaped and therefore
allow for some concentricity deviations.

- The local ship's structure must provide ample stiffness of
support for the outer thrust pad. This is naturally the
case when a pad is positioned opposite a longitudinal or
transverse girder. In the remaining cases a local stiffener
must be incorporated in the bottom structure.

- The joint, at the upper support, between ship's well flange
and well-box flange, is to be made with a chocking compound
according to manufacturer's instructions, including
tightening torque of fasteners.

Fitting:

3 R Check whether the pads (mounted on the well box) are in the
lowered position and secured by locking wires,

o5 Place the well-box in the well on height positioning bolts,
according respective drawing. Adjust center position and
height to obtain best conformity of thrust pads and ship's
hull, taking into account the height needed for
chockfasting.

3. First apply some grease between the sliding faces of the
center member. Retract the center member of thrust pads to
about 10 mm below the corresponding inner member by
threaded spindle (locking wire might break) and place the
outer member (del.yard) of the thrust blocks against the

1 10160/94 A.FERMONT 41209

|
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INSTRUCTION NR 3003801 REV. 1
DATE 19940308 PAGE 2/4

center member in such a way that a max. bearing area is
obtained (see page 4). Thickness of outer members to be
machined accoordingly. Thighten nuts to the correct force
by measuring the disc spring heights. Check with feeler
gauge if bearing area is ok.

4. Tack-weld outer pads to ship's well. Also the flange of the
ship's well can now be drilled from flange to flange.

Continued for launching with assembled thruster in well-box

S5a. Lower the center member of the thrust pads by threaded
spindle (apply some gentle force on top of rod) to the
original mounting position. Lift the well-box carefully out
of the ship and place it on an appropriate foundation or
lift the well-box to such a height that easy access to the
tack welded thrust pads is obtained. Make sure the
adjustable thrust pads are kept in the original/lowered
position and renew the locking wire if possible.

6a. Weld the outer pads to the ship's well, using a stainless
steel electrode (Arosta 309Mo or equivalent =
ASME SF-A 5.4 (E309L-16) at all four sides.

7a. Now the well-box can be placed on its original
position. (for example on Chockfast recommendations see
instructions 2017276 )Install the seal (for chockfast
compound retention) at the upper flanges. Lower the well-
box carefully further in position, check mismatch on pitch
circle and stuff the bolt holes (bolts are to be treated
for easy removal). Check on height position as noted and
adjust positioningstuds in flange.

8a. Apply chockfast compound according to manufacturer's
instructions.

9a. After curing, free the bolt holes in the ship's well flange
and tighten bolts and nuts to the correct torgue value
(such as to obtain a surface pressure on the chockfast
compound of 3.5 N/mm2,)

10a Retract center member of thrust pads in such a way that the
correct force is obtained by adjusting the disc springs to
their correct height.Lock the nuts,smear water resistant
grease on the disc springs and mount the protectioncaps
according drawing.

lla After first seatrials re-adjust the height and lock them
again as above. Re-adjust nuts at least every year, or
sooner if vibrations seem to occur.

Continued for launching with dismounted well-box.

5b. Lower the center member of the thrust pads by threaded
spindle (apply some gentle force on top of rod) to the
original mounting position. Lift the well-box carefully out
of the ship and place it on appropriate foundation. Make
sure the thrust pads are kept in the original/lowered
position and renew the locking wire. Apply some grease

1 10160/m4 AFERMONT 841200
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INSTRUCTION NR 3003801 REV. 1
DATE 19940308 PAGE 3/4

between the wedge and on the outside.

6b. Weld the outer pads to the ship's well, using a stainless
steel electrode (Arosta 309 or equivalent = ASME SF/T-
5.4/E309L-16) at all four sides.
Now the ship is ready for launching as far as this
procedure is concerned.

7b. After launching insert the well-box on his right position
above the ship's well. (for example on Chockfast
recommendations see instructions 2017276) Install the seal
(for chockfast compound retention) at the upper flanges. ¢
Lower the well-box carefully further in position, check
mismatch on pitch circle and stuff the boltholes (bolts are
to be treated for easy removal). Check on height position
as noted and adjust positioning studs in flange.

8b. Apply chockfast compound according to manufactures's
instructions.

9b. After curing, free the bolt holes in the ship's well flange
and tighten bolts and nuts to the correct torque value
(such as to obtain a surface pressure on the chockfast
compound of 3.5 N/mm2,)

10b Retract center member of thrust pads in such a way that the
correct force is obtained by adjusting the disc springs to
there correct height.Lock the nuts,smear water resistant
grease on the disc springs and mount the protectioncaps
according drawing.

11b After first seatrials re-adjust the height and lock them
again as above. Re-adjust nuts at least every year, or
sooner if vibrations seem to occur.

LIPS THRUSTERS

1 10160/94 A FERMONT 841209
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L8] SKETCH OF THRUST BLOCK

"3003801

Page 4 -4

Allowable*difference in height of pads.

Bearing area appr. 50°o of fotal surface at each

pad pair.

well box //'-'

10
g
I
|

10mm_below

=starting point

OUTER MEMBER

/ DEL. YARD

-

MAX_FIT IN 013mm
FEELER GAUGE AT A orB

IF OKE TACK WELD OUTER THRUST
PAD TO SHIPS WELL.

NB. Bearing area should be about
50 % of total bearing area.or as

much as can be maximum achieved
by accurate fitting.
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TN 24.006E

RELEASE :01-02-1991
CHANGED :01-03-1992
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Teephone (31) 2940-15133
Tewtax  (31) 2940-19396
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PAGE 1 OF 11

GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS

General

Troublefree operaton of any machine or sys-
tem requires strnct adharencs lo the operating
and mainienance instruchions supplied by the
manutactwrer ol the equipmenl Hydraulic
Systems can vary widaly in design and, as a
component pan of larger machines or sys-

tems are covered by a wide range ol operating

Insyuchons.

Although general operabng and maintenance
nstructons for such hydrauiic systems prov
de a valuabie guide o comect procedures for
always be supplementad by specaized in-
structions relevant o the particular appiica-

The tasks associated with the commissioning
and mantenance of hydrauvlic systems and
equipment are isted in the able below.

Commisioning

Maintenance

Inspaction Servicing Troubleshooling
Commissioning of a new systemor | Conditon and functioning Continued functoning Pinpainting and rectification of mak
recommissioning of an exsing Reduced waar functions and damage
system Changing of wearing parts

Instaliation, filling with fuid, blee-
ding, basic adjusiment, running-in

Observalions, measuraments,
Test run

Cleaning and replacement of com-
ponents (fuid change, filter insarts,

Fault-finding requires cicse and
logical anention to detai

saais)

Rapair of damage by remplace-
ment of components

Repair of components by manu-
facturer

General instructions lor werking on hy-
draulic systems

For reasons of salety, no pipe connectors. -
SCrew connections of components should be
loosened while the system is under pressu-
re. Always lower any loads first, switchofithe
pumps and depressunze the accumulators.
Never work with ody hands.

Extrama cleanliness s essental when wor-
king on the system. Befors releasing saew
connections, cean the extermnal surmoundings
first and cover all openings INto he system
with protective caps and covers so that no
dirt can enter, Try not o use cotlon waste
when deaning out fiuid reservoirs and a-
ways fill the system with fluid through a filter.

When spray-painting of brush-painting
the equipment, especially with nivoceliulcse
paints, all fie obie seals and baarings, pivots,
elc. of moving parts should be covered.

Installing pipework

When selecting pipe, hoses and screw con-
nectorsflangas, enswa thal he pressure
ratng (I.e. wall thickness, matarial) s appro-
pats for the application. Uss only seamiess
precsion steal be.

Balore it s mstalled, the pipe must be clea-
ned loremove all dir, scale, sand, swarl, sic.
Weided tube must be pickied and fBushed.
Never use cofion wasta for deaning.
Install the ppes carefully so thal they are not
distorted

The pipe connections and thread depths in
the components and subpiates are suitable
fex all normal connectors. The spotiaces on
the bodies have been sized for sealing-edge
connectors and for soft-seal conneciors (not
sutadie for O-nng saal connecions).

The thread must not reach 1o the bottom of
the hole. Sealing matenals such as hemp
and compound are nolt permitied bocause
hay producs dirt which can lead 1o malfunc-
bons of the equipment.

Note: damaged pipes and hosas must be

replaced Immediately,

Installing equipment

When installing squipment it is essental 1o
note the correct mounting position, ambient
emperalure, operating voltage, elc. Free-
dom from stress and disiortion in installation
S necessary 10 prevent amming in control
valves and devices; the mounting surfacss
must be propedy flat and the fixing bolts be
Sghtaned uniformly 1o the prascribed value of
orque.

Accumulators

Accumuialors are pressure vessals and are
herelore subject to the refevant salety regu-
lations in force at the place of installation.

Belors any worik ls carried out on
sysiems incorporating accumuistors
(e.g. repairs, connection of pressure
gauges, alc) it Is essential lo
depressurize (he system first

Ne welding, soldening or brazing or any other
kind of mechanical work may be camed out
on the accumulator vessel.

Improper repars can lead 1o serious acce

ways be entrusied to the local Trans-Hydro
representative.
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GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS

Commissioning

Commissioning involves a number of proce-
dures which should all receive careful atten-
tHon:

= Visual Inspection for damage and dirt
pickad up during delivery.

= Instailation and mounting of sats and
subassembies.

- Connection of hydraufic actuators in the
machine. Flush out long pipes and hoses.

- Electrical wiring for drives and control,
after checking the supply raings.
Connect cooling water if necessary.
Check direction of rotation of pumps bafore
starting.

Filling the fluid reservoir with the prescri-
bed, or otherwiss suitable, fluid. Using the
correct iuid, espacially one of the proper
viscosily, is essental for thoublefres opera-
ton of the system. Further instructions are
given on pages 8 and 9.

Ensure absoiuts dleaniiness. Clean the filler
screw and cap on he storage vessal before
opening. Check the fluxd resarvor for dirt
and clean i necassary.

Examine the fluid for the presanca of water.
Always leave the stramer in the filler and the
elements in built-in filters in position when

The inherent contamination of the fuid with
which the system s filled must not exceed
Class 10 1o NAS 1638. Expenence has
ahown that even new fluid can often exceed
this value so, in such cases, it will be neces-
sary o use a filler with a special filter.

Do not fill beyond the maximum level marik.

- Filling of pump- and/or molor bodiles
- Open the cocks in the suction lines

- Valve adjustment
Initialty adjust pressure control valves, flow
control valves and the pressure reguiators of
variable-deiivery pumps 1o low settings, D
rectional valves should be set o the neutral
pasition.

- Accumulators shouid be charged to the
prescnbed gas pressure; see page 3.

- Start the drive motor slowly, slectric mo-
tors by rapid onvoff, IC engines at tickover;
check the direcion of rotation.

- Bleeding of the system at the actuator lines
should be camed out at the highest pomt
possible. Operate the direction valves and
extend and retract the actuators several
times.

Increasa the ioad slowly. Increasa the set-
tings of pressure valves and reguiators.
The system has been propery tled when
there is no more focam in the reservor,

no jerky movements of the actuators and no
unusual noisas,

= Check the fluid level and top up after the
bleading, if necessary.

- Variable-deilvery pumps incorporalting a
pressure reguiator are usually protected by
an additonal pressure redel vaive.

When making the adjusiments, ensure that
the ift pressure ol the safety valve is much
higher than that of the pressure reguiator.
P1=P2 + approx. 30 bar.

i

= Monitor the steady-state operating
temperature when the machine has beean in
full operation for several hours.

- Final vaive adjustment and running-in ot
the machine
according o the manufacturer's instruc-
fions. Itis impossible 1o give general instruc
tions for this.
Adjustments are made at pressure coatrol
valves, prassure switches, flow control val-
ves, pump regulators, ime switches, etc.

- Repair any leaks, usually by simply
retightening connectors and bolts afler a
few hours of service.

- Clean or renew the filters., It is a fact that
mest contamination is collected during he
first few hours ol service.
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GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS

Inspection and Servicing

Trans-Hydro hydraulic aquipment has been
designed for a long, troublefree secvice life. It
requires very itthe maintenancs but neverthe-
less itis essential in order 1o obtain roublefree
operation, because practical experence has
shown that up to 80% of faults and damage are
due to contamination, lack of servicing and
incorrect choica of flud.

The scope of and intervais between inspec-
tions and sarvices are generally laid down by
the manutacturer of the machine in an appro-
priate schedule.

The most important points for a hydraulic
system are statad here and also summarized
in the able on page 4.

Fluid level

Continual checking is necessary because, as
the volume of fluid in the system lails below the
minimum mark, it can cause a rise in the
opacating temperatura, accumulation of un-
dissolved air and pump Railure due to cavita-
ton.

Fluld temperature

The operaling temperature depends on seve-
ral factors such as the mode of operation, the
machine operaling cycle, crcuitry, etc.

In practica the empearalures are normaily
between 40 and 90°C.

A maximum temperature of 60°C is recom-
mended for mineral oil-based fluids because
higher temperatures accelerate the ageing of
the fuid and shoren the life of seals and
hosas.

The fuad temperature in the reservoir mustbe
monitored continuously.

A gradual rise in emperature is a possible
indication of contammation or gumming, or of
wear at seais or metal components, and should
be taken as a sign o examine all components
which meght be affected.

Sudden sharp increases in temperature are
an alarm signal and the system shouid ba shut
down immediately for inspoaction.

Fluid condition

The ageing of the Muid depends on a number
ol operating parametars such as temperatins,
pressure, ar hurmdity, dirty environments,
elc.

The ageing of the fluid, and hence its cont-
nued usabdity, can be judged from a simple
visual examinaton,

Changing the fluid
Tha fluid is first changed immediately after he

initial commissioning.
Subsequent changes should be atintarvals ot
approxdmately 2000 to 4000 hours if the fluid
is not analyzed requiarly in a laboratory.

it 's essental, however, for the maximum
operaing temperature not o exceed 70°C
and for filter changing o be carried out regu-
larty.

Appearance Contaminants Possibie causes

*Dark in colour Product of oxidation Overheatling, insufficient flud
changes (possible ingress of
other fuid)

*Milkiness Water or foam Ingress of water and or ar

“Waterseparation Water Ingress of water, @.g. coolant

*Alr bubbies Air Ingress of air, 8.9. due I low
fluid or leaky suction

*Floating or sunkan contami- | Solids Wear, dirt, ageing

nants

*Smel of bumt od Products of ageing Overheating

Laboratory analyss will provde further information

Filter inspection/Filter changing Accumulators

Filters without blockage Indicators

They mustbe changed for the first time imme-
Subsaequent changes should be at monthly to
six-monthly inlervais depending on the opera-
ting conditions.

Fliters with blockage Indicators

These are monitored continuously.

The checkis made dady when working tlempe-
rature has been reached.

During warming-up it is possible for an alam
to be given because there is soil a high flow
resistance.

Breather filters

Thesa filter the air whech flows in and out ofthe
fiuid reservor as the level fluctuates.

The frequency of inspection and element chan-
ging or deaning depends on the condition of
the environment.

In addiion to the legal tests, it is aiso neces-
sary o monitor he gas charging pressure;
more frequent measurement during the run-
ning-in phasa is partcutady recommended.

The gas charging pressure can be measured
with a tesfing and charging devica.

A simpie test with the luid pressure gauge s
also possibie.

Note: Only ever use nitrogen as the gas.
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GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS

Inspection and Servicing

Adjusiment

All pressure control vaives, flow control val-
ves, pump regulators and signalling devices
such as pressure switches, fimit switches,
thermostates, etc. are adjusted during the
initial commissioning.

The sattings must be monitored continuously
during the initiai stages of operations and then
subsaquently at reasonable intervais.

Inspection and servicing Intervals

Fluid/air coolers

Fluid/air coolers must be cleaned requiary at
intervals depending on the amount of dirt
coflected from the surroundings.

Fluid/waler coolers

In this case the deaning intervals depend on
the quality of the water, the temperature and
the water throughput

Either nylon brushes or chemicals should be

smpioyed for dleaning.

Misceilaneous checks

By remaining alert and paying dose aftenson
o detail it is possible 10 detect faults in heir

very sarly stages and so prevent them from
developing into Mo serious malfunciions.
Thes is particularty true during the earty stages
but also remains true throughout the senice
life of the equipment.

A constant lookout should be kept for:

- extemnal leaks

- dirt

- damage, espedially to hosas and pipes

- unusual noises from pumps, motors, cou-
plings, mountings, etc.

- proper funcioning of instruments.

Continuous/

1 month 2 months

160 h

& months
1000 h

1 year 2 years
2000 h 4000 h

Fluid

Level

Temperature

Condition (sampies)
Changes

Filters

Changing of filters
without blockage indicators
Monitoring of blockage
indicators

Cleaning of breather filters

Accumulators
Check gas pressuwre,
check mounting

Adjustments
Pressure control valves,
flow control valves, pump

— —— ——

o — — — f— — — — —— ——— —

regutators, signalling devices [l I W EN WL S TR 5O
Coolers

s “
Cleaning fluidAwater coolers
Misceilaneous checks
Extemal leaks
Dirt E TS T
Damage
Noses
Instruments *

T
N B BN B dunng running-in EEEEEEEEE  dung conlinuous operatrion
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GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS

Trouble shooting

Troubleshooting is the general heading 1:
- Fault-finding

i.8. the pinpointing of damage or raalfunc-

- Rectification

i.@. repair or replacement of defective com-
ponents o eliminate the pamary causes of
the trouble.

Hydraullc lester

A portable hydraulic tester enables measure-
ments of pressure, flow rate and temperature
in a system lo be taken.

On request Trans-Hydro will supply you with
further details.

Rectification

Most problems are dealt with by the replace-
ment of defective components on site.

The delective compaonents are then generally
repaired by the manufacturer or one of his
approved agents,

Provided an end-user or installer has suffi-
cien t know-how and suitable equipment (such
as \st benches) it is also possible for him o
carry out the repairs himssit.

The spare parts lists and Instructions for
testing and repair which are avasabie for the
various items of equipment provide vaiuable
assistance.

Fault-finding

Successful fault-finding in hydraulic equip-
ment necessitates a detaled kwowledge of
the construction and mode of operation of the
individual components and the total system.

Itis also greatly facilitated by an abdity to read
crcuit diagrams and functional diagrams and
lo employ logic.

Of course, hands-on expenencs is invaiuable.

Circuit diagrams, functional diagrams and all
other documentation on the sysem should
always be immediately avalable.

An adequats number of measuring points and
suitable instruments are also a great helip.

Probably the most common sourca of trouble
with hydraulic systems are ieaks.

When they occur at pipe connectors they can
often be rectified by simply retightaning.

In the case of leaks from units of equipment,
howsever, t might be necessary o renew seais
and gaskets (soe spare parts lists),

Once the immediate damage has been repai-
red it s essental o seek and eliminate the
pamary causs of the problem. For exampie, if
equipment has failed due to dirtin the system,
change the fluid, examine the filters, alc.

Electrohydraulics

It s very common for control systems of
stasonary installations to ba of the slectrohy-
draulic type.

The combination of electrics with hydraulics
naturally makes fault-finding more difficult and
needs good cooperation between slectndcans
and hydraulics angineers.

The situation is particutarly true in the case of
proportional control valves and this is why a
wide range of raining courses are offered In

Fault-finding chart

There s no general recipe for success in fault-
finding becausa of the extra-ordinanly diversa
natre of he systems.

However, he lollowing chars provide a usafut
pont from which 1o start.
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Fauits and thelr etfects on hydraulic sysiems

Source 1 Mech. drive 2 Suction 3 Pume 4 Delivecy line 5 Return ne & Dedvery vaives
EHea conditions
Excesses nomae 1 Coupling out of Excessve 1 Pumg speed oo 1 Ppe mounting as A | Vaive clafier 2.9
alignment resstiance n the hagh toss or absent o darty or
2 Coupling loose suction hine due 107 2 Pump maxsmum 2 Incomect £ Retum not damraged seat
1 Congng ! Suchon cock pressure netafanon srrmeged n 2 IneufBcent
delective Shosed of only nxcseded 3 insufficient ™ tarmong
4 Pump or motor party coen 3 Supply pump CrOSs sachon 6 Retun filler (unsustable yoe)
oose 2 Suction fter bloo- delecive 428 4C blocked 3.Flow nomes whan
5 Other deve com- kad or 100 wmal 4 Shaht saal or specating
ponent del sctrre 3 Sucnon ine. sucton-side seals 4 Unsustable
(V-beligear whesd) blocked o lealung Selectre charactershc
8 Pump or motor 4 Sucton line oo § Pump defectve S Bad design
delectrve small or ‘oo many 8 Deivery and
7 Wrong direction of bande et Connec
rotabon 5 Flusd ‘ovel 100 low nons raneposed
8 No antr-vibrabon 7 Control system
mountngs hunbng
L a1 AS
Insufficent output 1. Power ranemes- as 24 1 intemad learage 1 Leaks 1 Excessne ine 1. Opacating
lorces and torgues won delective due 10 wear 2 Excessae ine e s tanoe Pressure set oo
(s ufficrent 2V-bet or loothed 2 Unsustable type resatance 2 Filter biocked low
ceanre) ol 3 Pump delective 3 Delivery fiter 2 internal leaks e
3 Wrong direcbon 4 Control pressure Dlock ad 10 weaar
of rotabon sat 100 low or 3 Vake seat Sty or
4 Motor delectve oAl dence
5 Koy on pump or setectve 4 Spang broxen
molor sheared 5 Unsutable ype
(lres ufficeare
sy cylnder of as | AT as 2A 1.Delectne mgu- 1 System not a8 58 as BA 1-2
MOIOE MOveTens lator on vanabe- properly bled
(pressure and flow deirvery pumps 3 Excessae
fluct uabons) 2 Delactve pump undamped wrote
3 Back sffects on control ne
the pump 4 Ursutabee remote
reguiator from the controd vake
tyslem
4 Pt vahes
Jrgudable
Ouipeat drive not A7 s 2A 1 internal lsaks as 48 as 58 as 58
runmng or 100 due o wear
slowty (nsufficent 2 Pump delective With sequence
flow or no low) 3 Supply and retum ontrols
CONMECTIoNS 6. Start vais st WO
ransoosed Pogh or defectve
Excessne 1 Raduced 1 Insufficoent ine as AE 1. Excessive
perabng sficmncy due 1o Cross sechon continuous
lampar atune Lt 4 Fring m
2 Reguiator sacessve 2 Unsuitable vaive
delectrve on nctonal types (insfficesd
vanabie-deircery e Troes sechon}
Sumos 2 Dealivery fiter . Pressure semtng
3 Excessve speed blocked 100 hagh
or delvery 4 Excesams
rESpONSS WTe
Foarng ol he flud 1 Suction fine 1.5hah seal or 1.Retum ine not
2 Flusd leved 100 low ek O 2 Eddies, dua ©
3 Incorrect resevvor 2 Leakage fud ine poor rtailabon
degn nat mubmerged
Cylnder overun 1.Hosas oo
sasnc
2 Unas nat
prapery bled
e hammer dunng as 4A Prewonk looss 1.Contral
S0nErol ope-aton Sperabons DO
5 Excessve g
ok 2 Theotties o
vohume orfices damaged
Purmp sants and 1.Pump defecrve Stant or #iap valve
ops 100 requently 2 In acoumulsior noormectly sl or
PySiTS | pUMp Sedectre

w00 small
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Faults and their sHects on hydraulic systems
Source 7 Flow vaives # Control valves 9 Fud 10 Orive 11 Misceilanecus
EMect (meros,oyl)
Ei1cessne noae 1 Vaie vbrabng 1 Yalve clafier due | Suction difficultes 1 Surtace wear
and affecting other © detective e o 2m3A7
control dvices. sokmnced of low A low furd eved
2 Flow noses wolage b hegh vecosty
Jas A7 2 Vaie delective (low tempera
dus 10 wear of drt e
3 Excesenve low 2 Owty flud damaging
4 Control pressurs and blodung
fuctuabons srapment
S incorrect 3 Fhusd fomrmang
adjustmen on
are wth
adpustabie
damping
§ Check slectrcal
control systemn
insulfent outpast 1.Exceasme 1. Incomeat 1. Viscosty oo low 1 internal \sakage 1 Faull n control crcut with pressure
forces and torques pressure drop swichng pont thereiors isaiage (@.9. cylinder seain control systems
(s ufficsant 2 Incormeat (0.g. dons not axcessne worn) 2 inatruments delectve
pressune) swiich off on 2 Vimcosdy 100 high 256 10A
1 Vaie delectrve IO pressure ther el E el
4 Unguntadie ype Srculanon) fow resstance nchon (poor
2 Sckenod 3 Fuad foaming sfhcency)
delectve
1internal loakage
due wear
4 Exsesave llow
resS lANCe
£ Vaive ammed
Jey cybnder o 1.Vake ety as 84 ! Fhad contamsnated 1 Stick-slip effec 1 insutficrent counterioros on the ot
OO MOVt 2as TA 2 Flud loaming e 10 SXCESSNVE sde of the drve
(pressure and flow Incoon al cyknder (8 3 lowenng throttle, pressure-aes
fluctuabona sads vake)
2 Soead below mar
mum jor hydrauke
motor
Outpnst deve not 1 Flow setting loo as 88 =38 as 108 Stanting reqursments not Latisfed
runmng or 100 §icwiy o (detectve reguiator). Open-cras m
(Insuthcent flow or 2 Uns utabie lyDe 5 Yahe srmmed 4 Drive seced (0.3 slecinoml control leads [phug Sonnecions)
0 Acea (rsuthoent 6 Hand vahes seqed paton) Sgnalng devices mcorrectly sel o
E range|| [cocks) not in flow defectve (e.g. pressure swiches) et
3 Vahes blocked poshon swiches nol operated
(dwg
Eacessne operabing 1 Flow seling too ! Excessve =98 1 Reduced 1 System has nsufficsent cooling cspecty
emoerature low (sacessre ‘sacage loss sficmncy due o N relaton 10 the netalled power o Te
pump delivery 2 Zero-preasure wear runnng btme & nsufficsset
through  pressure arculanon 2 Excessve intemal 2 No teo-pressure orculation dung
reiied valive) nooeatve fnchon (poor SICHSANE WONg  intervals
2 Vaive detective 3 Vaive ammed wrhicency) fwith purp running)
1 intenal lsakage 1 Insufficent fnd n the system
loss 4 Cooing water valve nopsraive
5. Thermostat sl too high
5. No cooling water or lan delectas
7. Cacling water temparature 100 hgn
8. Ambeent temperatune 160 hegh
9. Daposia n the cooker
10 Insufficient heat disspabion due
enciosure
Foarmng of the fud 1. Unsurtable type
Cyfinder mvermun 1.Swatching wme 1 internal leakage 1 Rermote-controled check valve st
pedng too siow Lraufficent dosing smmediately dus o
2 Scienced Semdang a dirty or dedectve seat
defectve B control fault
I Leakage 2 Limdt switch ovemun
4 Vaive dwty
Live hammer dunng 1. Sweiching trme 1. Fhad loamng 1 Excessve masses 1.No throttling before the swilchng vakves
sontrol operaton sarting oo tast and loross 0 accumulator sysiems
2 Unsustable type 2No darmpang
oo rapsd &
change n cross
sa<pon)
Pumo starts and In acoumulaior systems: gas chargryg
sloos 100 reguantly pressure 100 iow.
et hrngm) defeciive: px
switch set wrongly




T

Dymamics In hydraalics
Pampuslaan 42-46, Postbox 117
1380 AC Weesp, Netherlands
Telephone (31) 2940-15133
Teletax (31) 2940-19396

HYDRAULIC-DETAIL-DESIGN-SPECIFICATION

RELEASE :01-02-1991
CHANGED :01-03-1992
SUPERSEDES REL.:

TN 24.006E

PAGE 8 OF 11

GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS

Fluids

Types of fluid

The satistactory functioning, long ife, refiabi-
lity and effidency of hydraulic systems are
affected greatly by the selection of the most
suitable type of fluid.

Hydraulic ois, basad on mineral oils, are the
most commonly used fluids and for mobile
applications it is usual 1o use heavy duty
engine oils for the saka of type standardiza-
tion. In addition to the hydraulic oils there are
also flame-resistant fluids which sometimes
impose limitations on the operation ol the
aquipment.

Type designation of hydraulic oils

DIN 51524 and 51525, CETOP guideiines lay
down a system of code letters for mineral od-
based hydraulic oils.

The coding system has not yet been fully
adoptad as an iSO standand.

The code system is as follows:

H= Ageing-resistant mineral od without addi-
tives (litte significance)

L= Additives for increasing corrosion protec-
ton and/or ageing properties

P= Additives for reducing wear and/or in-
creasing load rating

V= Additives L + P (to CETOP}

M= Additve M and high-polymer agents for
improving the temperature/ viscosity char-
actenstics, expressad by the V1 viscosity-
index o DIN 51654 (o CETOP)

D= Detergent and dispergent additives (for
dleaning and anti-ageing and keeping for-
ign malter in suspension)

The most common combinations are:

HL : for ordinary applications at operating
pressures < 200 bar

HLP : for systems with piston pumps and
operating pressures < 200 bar

Viscosity

The viscosity of any pressure fluid, measured
in the Si unit of mm’s, vanes with Bmperatu-

e.

A graph with a doubla logarithmic scale for the
viscosity axis will give straight-ine characte-
ristics for different types of fiuid.

The grading of the fluids according to viscosity
is based on a relerence temperature of 40°C
in the case of ISO-VG, 0. 9. 1ISO VG 46
means 46 mm¥'s at 40°C.

The viscosity grade is then added b the type
designation, 8.g. HLP 48.

The principal viscosity grades and notes on
the operation of hydraulic systems are contai-
ned in the diagram on page 9.

The diagram enables the most appropriate
types of oil to be saleciad for specific operaling
temperatures.

Hydravlic pumps and motors in particular
require an accurate viscosity in order 1o ope-
rate efficiently.

it the viscosity is too high (1.e. thick) there will
ba cavitation problems, whereas if it is too low
thers will bo excessive leakage, overheating
and therefore a further drop in viscosity.

In the end the effective iimits of lubncity will be
raached.

Using engine cils

For the sake of standardization it is frequently
the practice to use engine oil in mobile hydrau-
ic sys®ems.

Although such oils are not strictly intended for
use as a hydraulic fluid, thes use normally
presants no problems.

It is advisable, however, o use only heavy
duty oils and it is essential to select the corect

viscosily grade.

The temperature/ viscosity charactenstics are
similar to thesa of hydraulic ois.

Engine Viscosity Hydraulic
ol at 40°C od

SAE grade mmls ISO-VG

10 30-48 32and 46
20 40- 74 46 and 68
0 74110 approx. 100
Using gear oils

Gear oils can be used in exceptional casas,
after prior discussion with the manufacturer,
provided they do not contain any sulphurous
substances, becauss they can damage the
saals and bearings.

Flame-resistant fluids

Mineral od-based hydraulic fluids are flamma-
bla, 50 for applications where there is a high
risk of fire (@.9. in mines, foundries, elc) it s
necessary to use flame-resistant fluids.
Cost and freadom from pollution are ofther
important reasons for replacing mineral od-
based fluids with fluids containing a high pro-
portion of water.

The CETORP coding system for such fluids is

as follows:

A= Ol-in water emulsion with a maximum
flammabie component of 20%.
Operating temperatures between +5 and
+55°C

B= Water-in-od emutsion with a maximum
flammable component of 60%.
Operating temperaturas between +5 and
+55°C (not used in West Germany)

C=Agueocus polymer solutions containing at
least 35% water.

Operating temperatures between -20 and
+80°C

D= Non-aquecs fluids (8.9. phosphoric acd
ester).

Operaling temperatures betwean -20 and

+150°C.
The viscosity grades are as follows:
Viscosity grade  Viscosity mm?/s at 50°C
HS1 1-1.5
HS2 11-14
HS4 20-40
HS8 50-70

Hence, a complete code is, 9.g. HSC 4
Nole:

Some properties of flame-resistant fuids are
considerably different from thoss of mineral
oll-based hydraulic fluids.

This means that, under certain drcumstan-
ces, it will be necessary to reduce performan-
ca (speads, pressure, alc.) and sarvice e will
be affected

Compatibility with the materials of the seals
and bearings 5 especially important R is
advisable 10 consult the manutacturer.
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Fluids
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Filters

Function Diagram of contamination to NAS* 1638

By far the largest number of prematurs failu-

res in hydraulic systems are due o contami- 10 000 000
nated fuid.

The task of the flud filter is © keep the

contamination within limits, i.e. the size and

concantration of the dint particles, in order 10 \
protect the equipment from excessive wear, 1000000 A

Degree of contamination and fittration ~
rating TS B

The latest practics in hydraulic equipment % S
catalogues s to state the following: 3
1. Permitted contamination class of fiuid:
Class 10 no NAS 1638
Thus, it primarily defines the amount of fluid
contamination which can be tolerated by a
system Ip allow relfiable operation,
It is also a very important factor in settling
guarantes disputas.
2. Achieved with filter: B_ =75
The stating of the filter to be used is onty a
racommendation.
Note: The taking of fluid samples should be in
accordance with ISO 4021,
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concentration, S o TR
The count is evaluated acconding to different

standards; the American standard NAS 1638 0
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Filters

Other standards

- Contamination classas to ISO") 4406
(CETOP RP 70 H).

This standard refers to 2 particie sizes
>Suman>15pm

Thus, the code comprises 2 igures.
Although this standard is not yetin general
usa it is growing in importance.

- Contamination classes to SAE"FASTM.
This standard only covers very slight con-
tamination and is hardly ever usad in hy-
draufics.

NAS = National American Standard

SAE = Sodety of Automotive Engineers

ASTM = American Society for Testing and
Materials

ISO = International Standards Organisa-
tion e

Filtration rating

Previous methods of defining filraion rating,
such as absolute, nominal and mean void
size, have been found to be wanting in prac-
tice.

Hardly any filter material can provide

absoluts 100% retention refered o one par- . -

ticular particle size and this fact is taken into
account by the Bata Value.

The Beta Value

This is based on the multi-pass test 1o ISO
4572,

It determines the retention of a filter exposad
to a flow of ol with a spedific contamination.

Thus:
au =75
T Retantion 75:1
Contamination particle
in Bum

A retantion of 75:1 is used in most definations
although other values are perfectly feasibie.
Retention can be expressed as a percantage
by using the formuia

%e 100. 2

B
0g.8 =75
% 100 o 98,66%
e

Retention in this form comresponds o the
previous expression:

“absolute filtration rating”.
Contamination classes and filtration
ratings for differsnt hydraulic sysiems
The following table is based on practical expe-
rience ‘and provides a general guide 1o the
type of filters to be empioyed in different
hydraulic systems.
Contamination class achieved with filter Hydraulic sysiem
NAS IS0 SAE |Bx =75 Matanal Type
6 1512 3 3 inorganic, Delivery Servo vaies Generally speaking,
0.g. glass fiter % el vkt reliability, service life
. fife (9.g. with control
8 17114 5 10 Retum or oo, Proportional valves and proportio-
_ delvery nal vaives)
9 1815 & 2 organic fiter Purmps and vaives | forp>160bar| o ooeo oo e de-
3 e= ’ gree of contamination
10 1916 - ] forp <180 bar| decreases.
1 7 o = —Qu-m for
201 - 25.40 suiction or b
12 2118 . i S




LIPS THRUSTERS

Schmierstofftabelle « Table of lubricants - Tableau de lubrifiants « Table de lubrificantes

ISO-Viskositatsklasse ISO viscosity class  ISO-Classe de viscosité  Clase de viscosidad 1SO

Thruster lub.oil system Thruster hydraulic
and steering (and retraction)
Pitch control system || open- systems

@Agip AGIP BLASIA 150 0SO 46 (32)

Aral Degal BG 150 ) ARAL Vitam DE 46 (32)
Aral Degol BMB ARAL Vitam HF46
@ BP Energol GR-XP 150 (1SO) BP Energol HLP 46 ISO
(32)
5N !
Castrol Castrol ALPHA SP 150 Hyspin AWS 46 (32) |
4 Hyspin AWH 46
Chevron
s ki EP Hydraulic oil 46 (32)
SPARTAN EP 150 Nuto H&46 (32)
GIRAN 150 Hydran &6 IS0 (32)
Q
Q8 Goya 150 Q8 Hadyn &6 (32)
e STy
Mobil Mobilgear §29 Mobil DTE 150 46 (32)\
@ Shell Omala Oel 150 Tellus T&6 (T 32)
Shell
Meropa 150 Rando oil HO 46 (32)

(.) for machine room evirons below
10 degrees Celcius

01.1990 Form nr 3000092 SH 2
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Flushing of hydraulic systems number of pages: 4
Introduction

Flushing is a procedure which is wvital to the satisfactory
operation and life of a hydraulic system. Omission or
curtailment of flushing will inevitably lead to rapid wear of
components, malfunctioning and breakdowns.

The aim of flushing is to remove contamination from the inside
of pipes and components which may be introduced during system
assembly. This is accomplished by passing fluid through the
system at a velocity much higher than that during normal
operation.

Condition of components
All components should be supplied ready for assembly into the

system in a clean condition, inhabited with preservative oil
and all openings sealed. Temporary sealing devices, plugs
etc., should only be removed immediately prior to assembly.
Particular attention should be given to piping, which should
be free from scale, rust, flux etc.

Piping not in clean condition should either be rejected and
replaced or cleaned before assembly. Thorough cleaning before
assembly may not be possible in case of very large pipes so
that these will require special attention during flushing to
attain the required standard of cleanliness.

Site conditions
In some cases, hydraulic systems are assembled in clean-room

conditions. In the majority of cases, however, site conditions
cannot be controlled and great care must be exercised during
system assembly to minimize the ingress of contamination.
Piping and components awaiting assembly should be stored in a
dry place or at least elevated and covered, with all ports and
openings sealed.

System preparation

System components which may present a restriction to the flow
or which may be damaged by the high flushing flow should be
bypassed by suitable make-up pieces. These components, which
may have been flushed on assembly, include reservoirs, pumps,
motors, dead-end components such as cylinders, servo valves,
flow regulators and other valves containing small orifices.
Filters may be left in place but with their filters removed.

Flushing equipment

The flushing rig should comprise pumps, reservoir, heaters,
filters and hose connections.

The pumps should incorporate adjustable relief valves to be
set at a pressure above that required to pass the full pump
flow through the system to be flushed.

The reservoir should have a capacity at least equal to three
times the pump delivery per minute and preferably of greater
capacity than the system to be flushed.

The heaters should be capable of heating and maintaining the
flushing fluid temperature to 60°C.

The filters may be of the cleanable or disposable element
type. Cleanable elements may be preferred for larger systems.
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Duplex filters are preferred as they permit the change over to
a clean element without interrupting the flushing procedure.
The filter should incorporate clogging indicators, preferably
incorporating an audible alarm. An automatic filter bypass is
not preferred. The filter size should be selected to pass the
specified pump delivery at a low pressure drop, depending upon
the type and should have a generous dirt-holding capacity.

Flushing velocity and temperature
To ensure the system is flushed as quickly and efficiently as

possible, both fluid velocity and temperature should be as
high as conveniently possible. A reasonable temperature limit
for mineral oils is 60°C, for water-in-oil emulsions and water-
glycols it is 50°C and higher temperatures are acceptable for
silicone and some other synthetic hydraulic fluids.

The fluid velocity should preferably be at least twice the
rated velocity of the system and in the turbulent region at
all point in the systen.

Flushing fluid
The flushing fluid must be compatible with the fluid specified

for the system and the system materials, especially the seals.
Hydraulic oil, rust inhabited oils of lower viscosity, or
special flushing oils can be used for flushing. The special
flushing oils which are suitable refined distillates with good
solvency power and containing rust inhibitors and additives
are used for the removal of system contaminations such as rust
preventative compounds and sludges.

Flushing oils containing petroleum solvents such as kerosene
or non-petroleum solvents such as carbon tetrachloride and
solutions containing water, caustic compounds or other active
materials must not be used for flushing.

The fluid should preferably have rust inhabiting and de-
watering properties. The fluid specified for the system may be
used as the flushing fluid but a flushing fluid of lower
viscosity would permit the attainment of turbulent flow at a
lower velocity or temperature.

Flushing procedure
With the system prepared as described, fill the system by

feeding the fluid to the flushing rig so that- the fluid is
filtered before entering the system. New o0il is often dirty by
hydraulic standards.

Circulate the flushing fluid and bleed the system to remove
trapped air. Heat the fluid to a temperature as described
before.

Flush the system for a period, say half an hour, changing the
filter element as required by the operation of the filter
clogging indicator or as indicated by the filter pressure
drop. It is then an advantage to reverse the flow through the
system by interchanging the supply and return lines from the
flushing rig.

Continue flushing, reversing the flow periodically, until the
system operates for several hours without the filter clogging
indicator operating or the limited pressure drop being
reached.
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Take fluid samples as required and check that the desired
degree of cleanliness has been attained.

If the system comprises several loops, change the flushing rig
connections to another loop and repeat the above procedure.
When the system has attained the required degree of
cleanliness drain the system, uncouple the flushing rig and
remove the bypass pipes. Examine the exposed openings and if
any section is found to be unsatisfactory it should be removed
for separated cleaning or replacement, and the flushing
procedure should then be repeated.

If the flushing fluid is of a lower viscosity than the
specified system fluid, check that the reduced viscosity is
acceptable to the pumps. If not, reduce the fluid temperature
until an acceptable viscosity is attained or change to the
specified system fluid.

Complete the assembly of the system by fitting the pumps,
cylinders, filter elements and any valves which where
bypassed. Refill the system with pre-filtered flushing fluid,
preferably new, and repeat the flushing procedure using the
system pumps, venting the system to removed trapped air, with
special attention being paid to dead-ends.

Operate all valves all valves so that the actuators move
through their full travel and continue the flushing procedure
until the system operates for several hours without the filter
clogging indicator operating, if fitted. Take fluid samples
and check that the required degree of cleanliness has been
attained.

After completion of the flushing procedure, drain the system
and leave the drains open for about half an hour. Examine the
reservoir and clean if necessary.

Displacement of oil, if required, should be charged to the
system immediately after removal of the flushing oil. Delay
may result in rusting of the newly cleaned surfaces.

Displacement oil

When hydraulic oils is used for flushing no displacement oil
is required.

If a very light oil is used for flushing or if are quantities
of special flushing oil left in the system a displacement oil
should be used. Another reason for the use of displacement oil
is to remove flushing oil that is highly contaminated with oil
soluble materials. Displacement o0il should be compatible with
and approximately the same viscosity as the operating charge
to be installed.

Clean filters and replace all filter elements, pump the
displacement oil into the system as soon as possible. Start
the pumps, heat the o0il to 50°-60°C and continue circulation of
the oil until the filters shows no evidence of contamination
and then allow to cool. The displacement o0il should be pumped
out, the pumps and tanks should be cleaned and a final
inspection made. System is now ready for new oil.

New system o0il

A new charge of hydraulic oil should be installed in the
system as soon as possible. The charge should be introduced
through filters before circulation. The oil should then be
circulated and the equipment operated so that the cleaned
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surfaces will be properly protected.

Except under unusual circumstances, such as major repair or
overhaul, hydraulic systems in use are not flushed. Only by a
complete inspection of the system and analysis of the oil can
the necessity for flushing be determined.

Co tion servic

For fresh water contamination, the operation of a purifiers is
usually sufficient to remove contaminations.

In case of severe sea water contamination or contamination with
harmful foreign material,it may be necessary to remove the
operating oil and clean and flush the system.

In case of minor contamination applicable portions of the
flushing procedure should be followed.

In cases of severe contamination -not including sea water- the
whole of the flushing procedure should be followed.
Modifications of flushing time and circulation temperature
should be made depending upon the circumstances of the
contamination.

Sea water contamination requires a very special procedure for
handling. After removal of excess salt water, corrosion
inhibitors specifically developed for this type of
contamination must be used in the system. Careful cleaning
procedures must be followed to obtain a satisfactory condition
in the hydraulic system. Following this the whole of the
flushing procedure should be followed.
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TITLE : HYDRAULIC SYSTEM PAGE ¥ 4
TYPE : T07300/01 DRAWING : 3004327
LIST : T073010070 ORDERNO.: T07300/01
ITEMNO. N A ME PARTNO. QUANTITY

1 HYDRAULIC POWER PACK T003004329 1,0
NOTES : - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INSTALL.

- THE QUANTITIES AND PARTNUMBERS SHOWN ON THE PARTS LIST
ARE BELIEVED TO BE CORRECT, THE QUANTITIES SHOWN ON THE
DRAWING ARE FOR ILLUSTRATION ONLY

END OF LIST
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