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INTJ!OPUCT:ION 

General 

The AGOR NOAA is equipped with two fixed pitch steerable stern 
thrusters, type FS2500-450/1510 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. 

The thruster 

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. 

Auxilary systems 

Lubrication 

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

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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CHAPTER 1.1 

GENERAL AND TECHNICAL DATA 
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P.O. Box 6 

Lips Thrusters Drunen BV 51 50 BB Orunen 

J The Netherlands 
tel: +31 4163 88115 

Classification Data Sheet tax: + 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, Trtle 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 1 5. 8 x 8 mtr approx. 
New I 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. Com. Rating 3000 HP (2206 kW) / 900 rpm 
Ice Class Rating same 
D.P. Rating same 
Contract Rating 

internal copies: file: T7301 .COS ID·nr: LTOAC 
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MAIN TECHNICAL DATA 

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 

FS 2500-450/1510 BO 

2206 kW 
900 rpm . 
25600 Nm . 

5 , 077 

3004323 
3004330 

SB: CW, PS: CCW 

infinite 

177 rpm. 

•••••• 

Propeller diameter 
Propeller manufactured and 
finished to 

3200 mm. (4-blade FPP) . 

Propeller material 

Steering speed 

Electrical power (yard supply) 
- Auxiliaries 
- control instruments 
- Emergency supply 

Auxiliaries pump power consumption 
- Lube oil syste.m 
- Hydr. steering system 

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. 

Cooling water requirements (temp. max. 38°C, press . 3 bar) 
- Lube oil system appr. 10 m3/h 
- Hydr . steering system : appr. 2, 2 m3/h 

Weight units 
- Thruster unit 

(incl. well-box & oil) 
- Auxiliaries 
Cathodic protection 

Painting 

Prime mover (supplied by others) 
Power 
Speed 

appr. 27900 kg. 
appr. 1200 kg. 
zinc anodes , 
5 years protection 

3000514 

E-motor 
2206 kW 

900 rpm. 
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id.nbr. 3000514 
d.d. 1990.03.20 
index 5 (92.08.27) 

LIPS THRUSTERS PAINTSPECIFICATION 

All components with exception of stainless steel, bronze/brass, rubber/synthetic and 
fit- and alidina-turfacetl 

Prt-treataent Cin catt no prjaer-paipt it applied>a 

Casting: 
Steel (not pre-machined): 
Steel ( pre-machined): 

Blaating according SA 2.', ISO 8501-1 
Blasting according SA 2.', ISO 8501-1 
De-greasing 

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

Paiptinq: 

All components (primer) 
- one layer AKZO REDOX !P3210 universal primer 

(1034997) 

Dry parte lincludina eyeterns> 
- above described primer (in case 
- one layer AKZO ROC 2300 coating 
- one layer AKZO RUC 2300 coating 
- one layer AKZO ROC 2325 coating 

Wet parts 
- above described pri.mer (in case 
- one layer AKZO REDOX 3314 coat. 
- one layer AKZO REDOX 3314 coat. 

O.otral: 

not yet applied) 
sv (3000517) 
sv (3000517) 

(3000516) 

not yet a,pplied) 
BB (3000197) 
RB (3000197) 

Colour 

cream 

white RAL9003 
l.grey RAL7035 
grey RAL7040 

l.grey MVD103 
d.grey MVDllO 

Dry film­
thickness 

50 microns 

50 microns 
SO 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 materials have to be protected aa far as possible before assembly, welding 
etc. by the first coating (primer). 
Surface preparation•, equipment and applications to be strictly in accordance with 
paint manufacturer• specifications (part of this specification; id. nbrs.: 
1034997, 3000197, 3000516, 3000517). 
Tiecoat and antifoulingsyatem , (aame as on hull) to be applied on wet parts by 
building yard. 
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CHAPTER 2 

THRUSTER UNIT 
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FLOATING SHAFf 
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2 . 1 HORIZONTAL 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 . 

I 



Floating shaft: Bog enza hn-Kupplungen Curved Tooth Coupl ings 

accouplements a denture bombee acoplamientos de engranajes con dientes arqueados 

Schmierstofftabelle · Table of lubricants · Tableau de lubrifiants · Table de lubrificantes 

Ll PS 
THRUSTERS 

TACKE 

01_ 1990 

ISO·Viskosi1atsklasse ISO VISCOSity class ISO·Ciasse de VtSCOStle Clase de viSCOS•CaC ISO 

Fe nsehmtel'\lng (- 10" C bts • 90' C) 

Grease lubfat.on (- 1 0" C +- 90" Cl 
Lubrafcation a Ia ;~ra.sse (- 1 0" C a • 90" Cl 

LubrtfaeiOn con grasa (- 1 0" C hasta • 9C- C) 

AGIPGRSLL 
AGIP GA MU/EP 1 

Aralub FOP 00 

BP Engergtease HT 0 

IMPERVIA MMO 

Chevron Dvra-LJth Grease;::> 0 

PEN·O-LEO EP GREASE 
FIBRAX 370, FIBRAX EP 370 

MARSON EPL 1 
MARSON EPL 2 

GRAFLOSCON C SG 0 
STRUCTOVlS BriO MF 

Mobilplex 46 
Mob•lple,X 4 7 

CALITHIA E P T 1 
ALVANIA EP 1 

Multtfak E P Z 

TACKE·Looglife Grease 
" 1) 000 eo--..,_., ~~- S JetVo 
I· IO"C:..t · •10'0 
bl)OOOoo-o,....~ OtSt~ ._., 
I· IO' C..o·~- ·~:;, 

form nr 3000 09Z-SH 1 
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TITLE 
TYPE 
LIST 

FLOATING INTERMEDIATE SHAFT 
E=880 L=822 
T073010061 

ITEMNO. N A M E 

1 FLANGE 
11 FLANGE 

210 FLOATING INTERMEDIATE SHAFT 

•••••• 

PAGE : 1 
DRAWING 2017120 
ORDERNO.: T07300/01 

PARTNO. 

T002017122 
T002017125 
T002017120 

QUANTITY 

1,0 
1,0 
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 

E N D 0 F L I S T 
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TACKE Montage·, Wartungs- und at. · 1 

GEUIUl · KU,lUNGIN Schmiervorschrlft fur Bogenzahn· 
Kupplungen! LBk, LBLk, LBGk nrn LIPS 

fdt:Q THRUSTERS 
Mounting, Maintenance and 
Lubrication Instructions for Curved 
Tooth Couplings LBk, LBLk, LBGk 

1. Uont.ge 
1.~ 

1 .1 PrOfen Ulld 
Aelnlgen 
1.1 THUn9 and 
deenlftg 

1.2 Montage 

1.2 Uounllft9 

uw ...... , 
N~Yetblndlmg 

u Coftnectlon ol 
ehltn..alldhubs 

1.1.1 Ole KooseMelllng dar l<upt)lungstef» wfrd. 
..nn ntdll gts0flder1 "-r•inbart, fOr noll'lllle 
TriMC)Or1bec:lingungen YOtgenomrnen. O.r KofTo­
sionac:hu~ O•ll fur ea. 8 Monate unter c:Mr Vora~ 
setzung. da8 die Telle ~dlgemU gelagert werden 
(V. a. trod<en und keme saure Allnosptlire). Vor 
Mot"'t..gebegtnn lsi d- l<upplung auf Vofl$t11ldl9" 
ke•l tu pr'jfen. 
Alle Otcht11idlen und Tetle scrgfilllg m1t Se~•n 
ocler N•tto-Veldiinnung (lleln Petroleum) von Kon--
5el'tlln.ngsnutteln saubern und entretlen , 

121 Je nactl Kl.lpQiungsty~ Nabe mit au!gesetz· 
tem Gei!Ause und O.A•ngabd•dltuno bzw. Fl.tnsc:n. 
mtUels Sdlraubeo ocler VorrldliJ,Ing aufziehen Alii· 
lrt•berl der KuJ)91u~gstetle durdl Sdll~~ 1st n•c:ht 
gat&lteL 

Aut der Vletuhl der Wellenv.rbllldungen $ind Iller 
d,. gebriudllk::hsten Anen aufgefllhrt. 

1.3.1 Pa8fedel'"ftrblnctunt 
Es Wltd empfohlen. Bohrung, Welle. Nut unci Feqer 
aut Ua&haltigke•tru pn'lfell. Nabe mit aufgae!ztem 
G-'>iuse und O.A1ng aurtlehen. 
P.St~m in die Wellen tint~. Zum leic:hteren 
Autz.,fllen lr.an11 die Kupplungsnabe t.e;c;t!t errirmt 
(ea. 10~ C) wel'den Olbel ist die o-Ring<fid'ltung 
¥Or ErwiJmung zu sc:hutzen. 

1.3.2 Elftfac:M ~rblndtMg 
Oie erwJrmte KupplunQIII&be mit hinterleq1em Ge­
hAuse und Q-Ringdic:htung a~fehen. Q-Aingdlch­
tung gegen Erwirmen sdlutten. Pa8tl~c:hen t:lurfen 
n1dlt mit t.Aotybte ocfer ihnndlem eingl$dlmiert 
werden. 

I 3.3 Zum Wannaulzlehen Naben bzw. Fl&llsdle 
v~S*81M 111 Elektro-Ofl/1 ocfer m•l1tls Gu­
!logbtenner aut die erforderltdle Sdlrumpftem~ 
I'Uir gleid1ma8.g und sadl~tedlt erwlrrnen. Vor 
dern Auftlehen die Au1We•tung der Bohrung durdl 
Kontrollmnsung pr\lfen. 

1 3 • Ein relativ eintac:hes Hllfsmtltef zur Tempera­
tunJberwadlung iSt die sogenannte • Ternperatur­
ltrt•de". 

1 3 5 AhzJe!Mn det Naben nactt dem Bratt- bzw. 
tS!dl\ldcverfabnn. ( SKF-Ve rt 11'1 ref!) 

1.3 & Vor dem Abr•ehen dar KuppiWigsnaben sind 
die Gelliuse '10ft den Nabeft zurUdc:z:Lnchieben. 

13.T Oruc:k61gerat mil den N.tbenallsc:hlu!stenen 
vertlll\den und Of in den Verb.tnd pressen. bls es 
an deo Enden auatnlt. 

1.3 I Nunmehr Abtiehvouldltung anse.l%111 und 
Nabe unter Oruc:k abzlehen. 

1.3.8 8eim LOserl mull d.r 0!\ldc e1WU h6her M•n 
ats Clil Fl.idlenpressung lm V~. lm u ,nef 
s11ld c.a. 150 H 111m1 ausretenenct. 

11.1 The coupling componeftts shan ~ ptOttcled 
for normal tranapon c:Otldltlons. unleu Olhei'WlSa 
19reed upon 
The conosion protection shall remain etfecb'4 
lor a~t 8 monlha provided tnatlhe compol'lents 
are properly stored (1. e. in a dry non-a<:ldtc atmos­
phere). 
Before commetiCif'Mflt ol assembly c:Nclc tNt !he 
couplmg components ve compret.. 
All sealing surlKU Vld parts must be llloroughly 
c leaned .tod degruHd 'lnlh benzine, 1\lttCHllluent 
(flO petroleum) TO remcwe the consel'tabon 1191nts. 

1 2. 1 Oepe~~dlng on ~pe of coupling. draw on t~ 
llub ••th mo~11ted hous•llg covers and o-""9 
seals reap. flaOiJe and sp•fldle ~si119 With screws 
or oraw-oo Clevtce. TN coupling cornpo~~enls must 
not be forced Oft by blows. 

The standard types ol shaft connection ant listed 
here out of the many posstbfe types of conneellon. 
1 3 1 flttlnt-k., ICOtii'Midlon 
II 1s advisable 10 ctlecK the dlrnenslonaf ICC\Iracy 
of bo1'11. wfl. groove and ~. 
F1t hoYs•no cowr end o-ring seals, llld 1nsen 
ftltlng keys 1nto 1M shafts. To lac:•litare t:lrawlng on 
the coupltng hood "" be sfoglltly 1\nti!CI (up to 
.tbC .. l ao= Cl. In doing this protect the ().nng taaJ 
lrOfTI healing. 

1 3.2 Simple ahrtnk-on connedloft 
Tile heated CCIIPfillg huba witb fitted ~ng cover 
and o-nng w• are drawn on. O.rfng Jals must 
be protected againtt heating. Fitting surface• mus: 
noc b4 greu.d ""'" t.Aolykote or similar. 
1 3 3 For the Plot drawln~n of l'lutls reap flanges 
or SP·Mie hovslngs .n 1ft electric lciln or by me111s 
or a gas-ring bumet, the comJ)OMf'lts IIIU'SI be 
llea:eo up to till requi red shnoking temperatur. 
untfonnly &fl<l e.trelufly. 
8etore drawing-()~~ dledt the bore eapansion by 
rneasurernenL 

1.3.• A relatively almple aid tor temper.rure tnOIIi­
toring i$ the so-celled •temperature chalk". 

I 3 5 Drawing off of hub• Ul!ftt the •ratt ot 
oil-pressure method (SKF method) 

1 3 6 Before drning otf of the CCXJPI"'9 hubS. the 
hous•rogs mu;~t be ~hid badt from the hubs. 

1 3 7 Cooneet up I)(USure-oif untt to hub coMee· 
tton PQ~nts •nd force otl into the JO•nt unt1l•t comes 
out at the ends. 

1 3.8 Now .tpply the draw-ott device •nd d;aw ott 
the hub under l)faSure. 

1 3.9 For diSI'I\OUIItlnglhe pressure must be slightly 
n,gl'le r than !lie COfltact pressure In the joinL Of! 
average 150 N mm' are sutficlenL 



1.4 Auwlcflten 

1.4 Angnme111 

1.S Ausrldlt­
oeMvl9kd 
1.5 PrecJ.Ion of 
alignment 

1 4,1 Nach dem Autzieh4Jn der Kupplungsleile 5lnd 
die zu verbindenden Masct11nen m11 eoner Toien.nz 
von t 0.5 mm auf den Abstand .e· auszurlcnteo. 

1.4.2 Ole An91betl det Masdlinenlleferanten elnd 
lllerbef gl'\tnd.Jtzlfdl .ru beadltett. 

Oie Genauig!leit 11ft Ausrichte11s wlrd all$ dem 
Orehzahlbere.c:n herge:e•teL (Siehe TabeHe 1 -21 

11~1~ 'l"'e 1~1=> I } 
1 " · 1 After IN drawin~ of the c:ouolillljl c:ompc; 
nents the mact'snes to be coonected must be 
a:igned to• 1 tolerance ol ± 0 5 mm (wsth the , .;y.'l 
tJCtept •on of holder-rsng couplings) at di5tance E. 

1.4.2 The m.ICNM supplier'• lndl«tlont mus1 be 
ob .. rred. 

The prec•sion of alignment is a function ot the 
s~ range. (hble 1 -2) 

Ma8 E Awtlc:htwene, mu. 1111. Hilloenfti'Ntz • In ...._ 
O!men.siOn.s 

mm 

ilber/over I blsllo 

I 200 

200 I 
I 500 

600 1000 

1000 1500 

1500 2000 

2000 2500 

2500 3000 

3000 i 3500 

3500 l 4000 

MISE 
Di~Mnaions 

mm 

bis.'to 

4000 

All9nment vaNe~, m.ax. .......,.. ftf1lclf ~nt 1 In 111m 

S.triebsdrehzlhl in min-' I Operating speed in min·1 

bis/to I uber bls 
I 

ube.r bil ' Ober bis 

250 over to O'tW to I O'N to 
2SO 630 630 11!100 1 1600 4000 

0.25 0.2 I 0,16 I 0.1 
0.5 0.36 Q,25 l 0,17 

1,0 0.75 l (1,53 : 0.38 

2.0 1,25 l 0,1115 0.83 

2.5 1,7 j 1.2 G.ll 
3.2 2.24 1,IS 1.12 

4,0 2,8 u 1,32 

4,5 3.2 
. 

2.24 1.9 . l 

5.3 ! 3,75 i 2.155 ! u 
Tabelle 1 I T~• 1 

H6h4Jnvet'Ntz 
Vertical 
displaeem.nt 

I 

i 
I 

l 
I 

l 

-1:1-

~1111, IDIIL zuL IJduriO b • C Ill_,. 
Afllnment nlu., tMll. .-....,.. gap b • c Ill -

ilber bls 
owr to 
4000 10000 

0,083 

0,112 

0.25 
0,4 

o.e 
0,75 

0,85 

1.12 

1.25 

Klalfung 
Gap 

&ttiebsdteluahl in min·' I Operating speed In min-' 

bill to ! uber bis Ober bis liber bls Obef bls 
• t1Vet to cw.r lo over to ovw to 

2SO I 250 6:10 6:10 teoo 1800 ~ 4000 10000 
0,25 i 0,2 0,18 0,1 Q,OIS3 

Tabelle 2 l Table 2 

1.5.1 Zum genauen Awrichten ist tine Me!uhr 
erforderndl. (Abb. 1} 

1.5.1 For ~ alignment a d't1l vuage is 
necessary. (F'~g. 1) 

1.5.2 Ou Fludlten der Naben bzw. Flansdle ist an 
mehrer~tn Stellen durch Verg!eicnamessung zu 
prOf en. 
1.5.3 Bei l(upplungen mit groSeren Absl!nden er­
lolgt das Awrlct'llen mittefs optisdler Geritt, 
Theodolit. odtr anderen entspredlenaen Vorri<:tl­
tungen. (Abb. 2) 

Abb. ' ' Fig. 1 

1.5~ Alignnleflt of hubs resp. flallljles must be 
ct'lecked at several potnts by comparative me• 
surements. 

1.5.3 In the case of couplings 'Nilll l<lr~r distances 
alignrMnl it bY means of optical insll'\tments, 
theodolite, or other Jimllar lnsll'\tments. (Fig. 2). 

Abb. 2 I Fig. 2 



UAbdldlten 

1.1 Sealing 

2. Sdlmlenmo 

2. lllbrlc:alloft 

2.1 Fettadlmlenmt 
2.1 Gttau 
lub~tkm 

Oldtluftgtflldltn I SeaRnt surfa'" 
,_.,. .... _ ... ..._..,.., ... ............ ~_......... 
-·-~ ..... ·------.... ~ .... --....r .......... + ,, - · .. -; _...-~,.... 

~ 
;- ,._.___.... .... 
r--1 

.-- ..--
' ~ ( 

I I 

-r '- L-- r-r 
I I 

i' 
~ -< ~;._( i. 

" ~ ... ..o..' 

~~ 
Abb. 3 I Fig. 3 

1.6.1 Die O.Ringdictrlung 1101 delft Versctrrauben 
in die vorgeset)enen Rillen einlegen. 

1.8.2 Bel SonderausfUhrung mit Dedtel die O.Rin!J­
dictttung von au8en in die Allie des GeMuses 
tindi'Uc:ken un<l den Oeckel mittets der SecMkant· 
Koplscttrau~n fest anziehen. (Abb. 5) 

L6 3 Nactt erto:gtem Ausrlcttten Dictttfli\ctten der 
Geh.lusenansdwil mit der mitgelieferten Dictttungs­
masse be$trelc'1en un<l durdl Pallscttrau~ ~· 
brnden. (Abb. 3) 

1.6.4. Oas Kupplungsgehause mu8 axial verschieb­
baruin. 

2.1.1 Das Einfilllen der angegebenen Fettlrienge 
(Tab. 4) ist twec:kmDigerweise mit elnef Fett­
presM vonunthmen. Vor dem lusa.mmenbau 
Venahnung mit Fett bestreidlen. 

2.1.2 Fttt nur bel ge6ffneter EnUOftungsscttraube 
einfuflen. 

2.1.3 Oas Versdllle8en dar Einfllll6ffnungen erlolgt 
mittels VerscttluBsdlrauben und Oidltrlf19. 

Ert. AN:Mb-Orehmoment. M A In Nm rGr SdlrauMII 
R.qviiH llffllenlltg torquee M A In Nm for bolla 

Al:lmessung Pahcrlrau-
f1tll"9~ 

0ir!l8Mi0f!S Yl~LI.I .. 8 tO .. 8 25 
.. 10 ~ 

.. 12 ee 
w 14 135 
U1t 210 
.. 11 290 
U20 410 
M22 5eO 
M 24 no 
U27 10!50 
W33 11100 

Tabelle 3/ Table 3 

U.1 The O.rtng aeals mvst be Insetted Into 1M 
grooves ~fore bolls are tightened. 

1.8.2 For special design with fXIYet the O-ri"9-
seaJlng haa to be preesed In the groove ol tl'le 
housirog and the C<Mit has to be tighwned by 
means olttMI hexagon head cap screws. (r~gure 5) 

1.6.3 On completion of alignment coat the sealing 
sutfacet of the housing naoges with 1M seeling 
compound supplied, and connect with fitting 
sere"' (r.g. 3) 

1.8.4 The coupling tlousing must be displ~eable 
uially. 

2.1.1 The requi,_, quantity of gr .. se should be 
applied With a g~n (Table 4). s.fore ~ 
bly eoatlhe tooltling with greaM. 

2.1.2 Fill with grease only .tlen venting $CI'rNS 
are 01)eft. 

2.1.3 The fil~r holl$ are closed by plugs and 
sealing rings. 

F~e I Gtea~~ quuiiiJ 

. i! 111 ~~ I I 'I .I ! l : I I i c! ~I~ 1 ohne zw-st 0,03 ~ 0,04 0,06 0,10

1

0.15 0.22 0.29 0.44
1 
M5 0,79 . o,e 

1

1.23

1

1.9

1

2,4 3,7 

:~ f LBGII I I l I I ! 
TabeiJe -4 I Tab~ 4 

Sdull-.tolftabelle I Table of t..uiHtciiMI 

Fettadlrrllefunt I Gtene lubrlcadon C- 100 C bll + IIJO C) 

AGIP 
AGJPGRSll FINA MARSON EPL 1 
AGIP GR MU/ EP 1 MARSONEPL2 

Aral Aralub FDP 00 Kluber GRAFLOSCON C SG 0 
lubrication STRUCTOVJS BHO MF 

BP BP Engergruse HT 0 Mobllple.Jt 48 

~· Moblll)lex47 
Castro! IMPERYI.A MMO 

Shell Shell A!Yania EP Fett1 
Ctlevron Chevron Dura-Lith OI'NM EP 0 

ESSO 
P£~EO EP GREASE 
FIBRAX 370, F18RAX EP 370 

Texaco Multifak EPO 



3 Wertunt wltlfend 
dn8•1MbH 
3. M elntenence 
diiMO Of)e,.don 

Fur Oauertetrleb ist standige Oberwact~ung '""~ 
lehle,.swet1. Au8erdem l<upplur.gell aile 8000 Be­
lr•ebsstundell aut axo•le Versdliebbatkeot uber· 
prulen, '''"''1'" und evtl. Unctl•l'len nad"nctlrert; 
dazu nadl ~l'l!'fernen der Flansdi·Sd'lraueen die 
vorge.sellenen Ab<lr\Jcll..(le.,1ndebohnm~;en zum 
Lo'en der Ve-tlonduno ~nutzen 

3 1 tns~ndere sind torgende l<ol'llrotlen be• de­
mont•el1et KuppiUflg zu emplehlen: 
1. Veruhnung 
2. 0-Rongdictltung 
3. evtL Besc.flidigung der Didltflichell 

3.2 Um s.sd!1<1igungen der Dlctllfl~en zu ver· 
meiden, lceine Sctlraub41nzi~Nf o<ler ahnlicne 
Werlaeuge zum TreMen der Kupptungsteile ver· 
""'end411. 
'Nied41rzusammenbau der Kupplungen erfolgt sin~ 
~mu nadl Absatz 1. 

3..3 Fettfiillung aile 11000 Betriebsstunden o<ler 
Spltestans nacn 2 Jehren erneuem. Bei groller.r~ 
Wartungsintervallen, L 8. 1«100 Betrlebs$tunden 
oder m.u.. Z Jahre, sind YOrz119SW8istl synih. Fe1te 
einzusetzeft. 

3.4 Es lst zu beadlten, dati as sldl bel den Kup~ 
1unge11 um Rot.t!onsteile handell 
lur vollig•n UnfallverhOtung 1st Abdec:kung et· 
forderlictl. 
Die Zuginglichkeit z~ l<ontrolle des Sd'lmie,... 
"orres dalf durch die Abdednmg nicnt beeintrich­
tigt ""''r<len. 
(Gesetz iibor lectin. Atbeltsmltlel vom 24. Junl1968) 

For conri""'~"' o~atton. continuous mon1:or "0 
is adv•$.1t e Oth•rw•se cooplir~gs musl be doe!X!1 
lor d.;al ~" 1: every 8000 operating hour5 ; ean 
and o1.S1liS: '!lac-;ne il neU$Siry. For ltlos .... , 
remoV1ng !"e flange att<l cover bolts 11se 1N! 
tt:readed :ress-oH holes to slacken tile fO•nl 

3 1 When ~ coupl•ng IS dismounted tile !c· c• ~9 
d'leclls are ;:artieularly om porta.-• · 
1. Toolho~ 

2. 0-ring seal 
3. Any da!Nge to •aling surfaces 

3.2 In or~ to avoid damaging the seali"'J wr­
faces. no $Ctewdriver or similar tool must be .:sed 
10 separate the coupling halVes. 
TM eoupl'.ngs a11 reaMembled accordi(lg to 
paragrapf\ 1. 

3.3 In the case of greas. couplings the grease 
filling must be renewed atm. end of 8000 OQerat­
ing hours or at the latest after 2 Y9•rs. For lcllger 
intervals be!ween servicing, e. g. 16000 operating 
hours 01 mu.. 2 years, it It best to use syn:hltic 
greases. 

3.4 Remember tllat couplings are rotating eom­
poMnts. 
For complete protection againat accidents ~y 
must be~. 

Accas for inspe<:llon ol the lubricant must not 
be hindered by !he covering. 
(Gesetz uber Iedin. Atbeo14mitlel 14 June ·~. 
law on technical plant). 

Sonderausfvhruno ..-. Oectel 

9100 9170 
v 

1st audl beo den Kuwlu~~gsaus!Uhrungen nacn 
Abtl. 8 IMd AbO. 7 m6glid'l. 

Spec181 Dellgn will CI1Wif 
Is &bo possible for the coupling Cleslgns KC. 
10 ftgull & and flgura 1. 

9000 9180 9010 9140 9180 9040 9051 9180 9180 920 9150 9061 

Teii·Nr. 

9010 
9020 
9030 
9040 
n4o 
9Hl0 
9170 
9180 
9051/8, 
9150 
9200 

8eneMu119 

Gehluse .A" 
Gehluse .a· 
Nlbe .A" ....,. .a· 
Pdsdlrsubl 
V~lutlschrau.be 
Oktotllng 
O·AinQ 
o-R~ 
a l<t.-l<~fsdlraube 
Federrln9 

Part No. 

9010 
9020 
9030 
9040 
9140 
9160 
9170 
9180 
9051 1$1 
9150 
9200 

Designation 

Housing A 
Housing B 
Hub A 
Hub 9 
F'rtting tefl""' 
loddll9 se,...., 
Sealing ring 
0-rlng teal 
o-~ 
heQ90fl heed cap screw 
spring ""'asher 



9160 9170 
"'-._./ 

l 

9160 9170 
'v 

9180 9020 9140 

Te.I-Nr. 

9020 
9030 
9()ol() 
9100 
9HO 
9160 
9170 
9UIO 

8enennung 

O.h4UM .8" 
Nabe .A" 
Nabe .8" 
Zwlsdlenstiidc 
Pa8.1d\raube 
Vt...chlu8sdlr autle 
Diehl ring 
0-Ring 

9100 

Stllcfdh1e Bogenuhn-KUIISI(~, Tnt LBGk 
Abb. 7 

r.;J.Nr. 

9020 
9030 
9040 
9070 
9080 
90110 
91.40 
9180 
9170 
9180 

Blnet\nung 

Ge~ .8· 
Nabe .A" 
Nabe .8" 
FlanaQ'I ..A" 
FlanKtl .a· 
Zwitdllnwelle 
Peatdltaube 
Vtrsdllu8sdlraube 
Oidllring 
0 - Fimg 

1 l' p l7 K<!b JL: p J J 
9160 9170 9160 9170 y ' " y 

.-J 

I 
9140 9020 9180 9040 

PII\No. 

9020 
9030 
90«) 
9100 
9140 
9160 
9170 
9180 

Oesignallon 

Housing 8 
Hub A 
Hub 8 
Adapter 
Flttlng screw 
Ladling screw 
Sealing ring 
()..ring s.eal 

Part~ W tot BootnuM-K~• cut'led-tootll 
coup(llljp, type LBGk - r.g 7 

Part No. Designation 

903) Howing 8 
9030 Hub A 
9040 Hub 8 
9070 Flange A 
9080 Flange 8 
9090 lntermedilhl sh•" 
91«1 rltting screw 
91150 Lodtlng semr 
9170 Sealing nng 
9110 O.rfng ... , 



snd MCD Direct Cu"ent Motors, GEH-5359 

Grouting 
On concrete foundations, a mlnimum of one inch should 

be allowed for grouting. 

A rich, non-shrink grout should be used. High-grade 
grout mixtures are available commercially.lfthe grout is 

to be prepared at the site, a cement-sand ratio ofl :2 is rec­

ommended. Just enough water should be used to give a 
sillTmixrure. 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 

mould be checked as follows: 

1. Remove all coupling bolts and sUde 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. Start with the coupling ne.xt to the largest unit (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 other on its outside diameter. Be sure Lhat che 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. Insen feeler gage or use dial indicator al hub faces. 

Measure the gap between hub faces at 0, 90, 180 &. 
2700 and record. Rotate both shafts together 900. 
Repeat ~e gap readings. Continue rotation in 900 
increments until five sets of readings are taken. The 
fifth set of readings is a check on the fint 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. 

12 

7. Recheck the couplings on long sets afu:.r completing 

Lhe 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 she Us may be bolted together. 

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

Thrust Loads 
Machines are expected to have no continuous external 

thrust (axial) loads. If thrust loads are expected, the ma.'U­

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 G£ Motors 

through a local G£ Sales Office. 

TABLE 3 

THRUST CAPACITY 
HORIZONTAL MOUNTING 

FRAME 
SIZE LB.* N* 

6000 1200 6340 
6100 1400 6230 
6200 1400 6230 
6700 1700 7560 
6800 1700 7560 
6900 2000 8900 

*Based on an adjusted L10 Life of 10,000 hours, 

OPERATION 
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CHAPTER 2.2 

BRAKE SYSTEM 
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LIPS THRUSTERS DRUNEN B.V. 

2. 2 BRAJE 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 
TYPE 
LIST 

ITEMNO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

NOTES 

ASSEMBLY BRAKE 

T073010062 

N A M E 

HEXAGON SCREW 
SINGLE COIL SPRING WASHER 
HEXAGON NUT 
STUD. SCREW LENGTH 1,25 D 
SINGLE COIL SPRING WASHER 
HEXAGON NUT 
SEE ORDER PARTS LIST 
SUPPORT 
STRIP 

PAGE : 1 
DRAWING 2017114 
ORDERNO.: T07300/0l 

PARTNO. QUANTITY 

M713000482 6,0 
M716lOOOJ3 6,0 
M714040033 6,0 
M711050435 6,0 
M716100039 6,0 
M714040039 6,0 
T002999985 1,0 
T002013964 2,0 
T002007879 4,0 

- 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 

E N D 0 F L I S T 
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TITLE 
TYPE 
LIST 

ITEMNO . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

NOTES 

BRAKE SHOE 

T073010064 

N A M E 

BRACE CALIPER 
VALVE 
VALVE 
PRESSURE SWITCH 
HOSE 
DEADENING, SOUND 
PLUG 
REDUCING NIPPLE 
STRAIGHT MALE STUD COUPLING 
STRAIGHT MALE STUD COUPLING 
STRAIGHT PIPE NIPPLE 
STRAIGHT MALE STUD COUPLING 
ADJ . BARREL-T FITTING W.PROGRESSIVE 
T-FITTING WITH PROGRESSIVE RING 
STRAIGHT FITTING W.PROGRESSIVE RING 
RECTIFIER 
PACKING 

PAGE 1 
DRAWING 1054637 
ORDERNO.: T07300/0l 

PARTNO. QUANTITY 

T001009908 2,0 
T001089875 1,0 
T001054902 1,0 
T001026467 1,0 
T001007538 2,0 
T001054903 2,0 
T001054993 1,0 
T001016560 2,0 
M710712120 2,0 
W006350210 3,0 
M710100020 1,0 
W006350210 1,0 
W006430060 1,0 
M710801120 1,0 
M710722120 2,0 
T001054994 1,0 
T001054995 1,0 

- 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 0 p L I S T 
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EJr!:] LIPS 1009908 Sheet 1 
~ CLJ THRUSTERS BV 

DISC BRAKE CALIPER 
TYPES: MRB 5 and MRB 5 (1 " ) 

AIR APPLIED - SPRING RELEASED 
1112 

41· l 

ao 

7 
DISC OIA\4ETER mm 

0 

0 
<D 
N 

155·6 

181 

DB 3020 

Issue 1 Date: March s.; 

~2 New Paos 

160 Full~ Worn Pads 

3 Hole$~ 13 

o 500 1000 1soo 2000 2soo Jooo 3500 • ooo •soo sooo 

8RAI(INC TOROUE Nm 

1 Nm . 0 7381bl·fl 1 b•r • 14 5 psi 

Caliper-constructed from SG iron to B S 2789 

Thruster-constructed from alum1nium alloy to BS 1490 

Finish- hammer blue paint 

Weight (caliper and thruster} -10.4 kg 

Volume displacement of thruster at full stroke 1s 426 ml 

Total pad area-58 cm1 

SPECIAL £XECUTIONS :LEFT ~OEDVERSI~ T001060503 , 
WITH EQUALIZING LINK W008996941 (VERT HOUNTING SH.S) 



1009908 Sheet 2 

DISC BRAKE CALIPER 
TYPES: MRB 5 and MRB 5 (1") 

AIR APPLIED-SPRING RELEASED 

5 

38 41 

DB 3020 

Issue 1 Date March 83 

.... s·-~~ ____ ___;1;.:.61:::__ ___ .....J 

Thruster Type - S 

Parts List ITEM I COMPONENT PART N2 orr. , I FRONT CAP 724828 , 
2 I REAR CAP 724822 1 

TOO 3000640 I 3 I DIAPHRAGM 720827 1 
4 I MOUNTING BARREL 7g41129 I 1 

s I PISTON ROO ASSEMBLY 720803. 1 

1003002884 6 I CO~PRESStON SPRING I 2SS060 , 
7 I LOCKNUT J/• SSP 515051 2 
8 j REDCAP 3fs BSP 830033 , 
9 I MS r2S SKT riO CAP SCREW 540331 13 

10 I lotS NYLOC NUT 510195 13 

• In~ MRB5111 pnau!T\Wc disc bral<e 1 shotut Piston Rod Asnmbly 
Pen No 720831 is used. 

General Description 

nus is a low/ medium torque pneumatically operated brake caliper using dry and filtered air (20 microns) 
at pressures up to 1 bar (100 PSI). Pneumatic brakes require a control valve which can be o;>erated eilher 
rr.anually 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 posit•ons to prevem bias due to weight 
of actuator. The caliper can be mounted. if necessary, on a pedesial mounting bracket, which is available 
from Twifle:~t (see Data She'!t DB 30161. 

The thruster should be mounted on the caliper using the two lock·nuts (item 1) provided, and tightened to 
60 Nm (44 lb·fll torque. 

If tt becomes necessary to replace the dtaphragm (item 3). remove the thirteen MS ftxing screws and the rear 
cap (•tem 21. Remove the worn tliaphragm. Clean·up surfaces in contact with the diaphragm and re­
assemble wtth new diaphragm in position. 

Recommended Spares:-

Diaphragm (item 3) 
Pad assembly 2 oH lnem 5 Data Sheet DB 30171 
Sta,..dard Pad Assembly pan number 074123 



L 

1009908 Sheet 3 

DISC BRAKE CALIPER TYPE: MR 
Issue 4 

15.5-fl 
ao 

181 

General Description 

DB 3017 

Date: Dec 1989 

.., . 

.ot g• 

J 
- -, C) .o• 

lft l Cl _]"' -Jid 
3 Koles Jl3 

The MR caliper accepts a number of interchangeable actuators- mechanical, electrical, hydra•Jiic and 
pneumatic (shown above is a brake caliper operated by a typical pneumatic actuator). The MR caliper can be 
mounted 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 Twffiex 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 sui125mm 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 51. 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 

DISC BRAKE CALIPER TYPE: MR 
DB 3017 

Issue 4 Date: Dec 19a9 

ITEM COMPONENT PART N2 OTY 
1 PIVOT SASE 8030010 I 
2 TENSION SPRING 240COJS 2 
3 TORSION SPRtNG 2500020 I 
<~ PAO SPRING 7900024 2 

5 PAO ASS Y 0780123 2 
6 SHOE ARM ASS'Y' n•ou\lfR S•Of I 6600112 
7 SI'IOE ARM ASS'Y , o,OOS<fl $t0f t 6600113 

2--

Total pad area 58 cmz 

Weight (caliper only) 6.2 kg 

6 

Material~- SG lron- BS. 2789 

Finish:- Hammer blue paint 

Exploded View of Caliper 
MR caliper Assembly - Part No. 6780413 

Total pad area = 58cm2 

Pad dimensions (new ) = 63.5 x 46 x 12.7mm (thick). 
Pad wear allowance = 8mm. 

Bral<efThruster Oescnption 

MAE Pneumatically applied 

MAG Pneumaocally applied 

MAA Pneumancally applied 

MASS Pneumaocally applied 

MAD Pneumatically applied 

MRK Spn119 appfied. pneumaocally released 

MAL SpnNJ applied. hydraullcally released 

MRH Mecharoeally applied. ~ver operated 

MAW Mec..,anoeally applied, hand operated 

OaLa Sheet 

063012 

063012 

063019 

063020 

083021 

084058 

084059 

081005 

DBlOOE 

Brakmg Force is defined as the Tangential Force acting at the Effective O•sc Radius. 
Braking Torque (Nm) = Braking Force (N) x Effective 01sc Radius (m) 
where Effective Disc Radius (m) = Actual Disc Radius (m)- 0.03. 

Braking Force 

764N 

1900N 

7140N 

11400N 

3700N 

6400N 

6400N 

8000N 

2600N 



~F3 LIPS •••••• 

TITLE 
TYPE 
LIST 

ITEMNO . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

NOTES 

DELIVERY 
ASSEMBLY NR.T001089799 
T073010063 

N A M E 

SEAMLESS PRECISION TUBE 
SEAMLESS PRECISION TUBE 
SEAMLESS PRECISION TUBE 
STRAIGHT MALE STUD COUPLING 
STRAIGHT MALE STUD COUPLING 
STRAIGHT PIPE NIPPLE 
ADJ.BARREL-T FITTING W.PROGRESSIVE 
T-FITTING WITH PROGRESSIVE RING 
STRAIGHT FITTING W. PROGRESSIVE RING 

PAGE 1 
DRAWING 1054637 
ORDERNO.: T07300/01 

PARTNO . QUANTITY 

M301035203 2000 , 0 MM 
M301035203 2000 ,0 MM 
M301035203 2000,0 MM 
M710712120 1,0 
W006350210 1,0 
M710100020 1,0 
W006430060 1,0 
M710801120 1,0 
M710722120 1,0 

- 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 

EN 0 0 F L I S T 



~E:3 LIPS 
LIPS THRUSTERS DRUNEN B.V. 

CHAPTER 2.3 

UPPER GEARBOX 

I 

t. 

•••••• 



~m LIPS •••••• L 

LIPS THRUSTERS DRUNEN B.V. 

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 system, 
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 . 

I 
I. 
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[!E:j LIPS 

Tl'l'LE 
TYPE 
LIST 

: DPP£R G£.1,1\BOX ~SSEMBLY 
l ASSEc~BLY NR.T00201691; 

T07300004l 

ITEMNO. If A M E 

l Ge>.RBOX, UPP.t'R 
2 COVER 
'] COVfR 
4 BEAJUNG COVER 
8 8£A!UtiG HOUSING 
9 RLNG 

10 SHAFT 
11 SET, GF.A"R#UOB 
ll SRAl'T 
13 BEARDIG ROUSTNG 
14 DISTANCE BUSH 
15 D!S'l!ANCE RING 
16 DISTAIICE RIIIO 
17 LOCKDIG Nll'l' 
18 LOI!:XlllG WASHJ!R 
19 AAce:.~ BALL 
20 LOCKUIG Jltrr 
22 DISTANCE BUSH 
23 HEXAGON HEAD SCR!:II PLUG 
27 D.tKIJIISKI'!IC 
28 T.oiNE, OIL 
33 HOLD£k 
34 LANTERJ< PIECE 
l5 RING 
36 liDl\PTER 
) '/ COVER 
40 BEARIIIG,CVLIIIDRlCAL ROLLeR 
40A DI STANCE RING 
41 SPI!ERICAL ROU.ER Bf:ARillC, DOUBLE 
C2 SPBBRlCAL ROLLER BEARTNG,DOUBLE 
43 HEX. SOCKET HtAD CAP SCREW 
44 RE:I' A TlfTliG IUHG f'OR SIIAFT 
45 SPKEIUCAL ROLLER BIWUliG. DOtJ8Lll 
46 SPHERICAL ROLLER THRUST BEARING 
48 SPHERICAL ROf,L,f!R THRUST BEAAING 

PliOl! : 
DRA\HNG : 
ORDER!IO . : 

•••••• • 

1 
201691$ 
T073D0/01 

~1\R'TIIO. QUA.tl'llT~ 

1'00201101£ 1,0 
T001010SS6 1,0 
roo2onoH 1,0 
T0020170l4 1,0 
T0020170H 1,0 
'1'0020150'0 1,0 
'1"002017011 1,0 
'1'002014333 1,0 
1'002017009 1,0 
t'OO~O t7 03 6 1 , 0 
'1.'0020 1704 J 1 , 0 
r002017D4 1 1,0 
T0020!1032 1,0 
1'001089103 1,0 
T0020t10l8 1,0 
'1'0020170~ 4 1,0 
TOOJOOJOOO 1,0 
T002017042 1,0 
11710)80239 7,0 
T0020105•6 2,0 
T00\010592 1,0 
f0020170l5 1,0 
'f002017006 1,0 
!1'002010301 1,U 
T0020li)J02 1,0 
T002010303 1 , 0 
11006220024 1, 0 
TOOJ002542 1,0 

ROW 110116210926 1,0 
ROW W0116210027 I, 0 

K712040280 8,0 
'1'003000520 1,0 

~w WOU6210012 1,0 
11006260025 1,0 
W006250038 2,0 

NO'TES 1 - TTEM NUMBtRS N~r LISTED MAV$ NOT BEEN USED IN THIS INSTALL. 
- TI!Z QfJANTlTiliS AND .Pl .IlTNUMEERS S/101\'H 0.~ TilE PARTS LIST 

ARE BELIEV.6D '1'0 8E CORRECT , THE (JIJ!JI'l'l'J'!ES SHOWN 01' THB 
DRAWING ARI fOR IL~STR~TIOfl ONk~ 



~E:] LIPS 

f'£'l'l'L1:': 
T'il'E 
LlS'I' 

UPPER GEARBOX ~SSEMSLY 
1 ASS~L~ KR.'I'0020~69i5 
: T0730000H 

ITEMNO. N A 11 E 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6l 
62 
6J 
64 
66 
68 
69 
70 
71 
72 
71 
74 
75 
76 
77 
78 
79 
81 
82 
83 
84 
as 
86 

SINGLE COIL SQU~RE SECTION SPRING W 
SUPPORTING RING 
lfOUSlNG, ROTI\RYSEAL, fOR 
OIL SEAL 
OIL SEAL 
O·RING 
0-RIIIG 
O·RT!IG 
0-RING 
0-RING 
C-GRD RING WITH VULCANIZED J01N"r 
CORD lUNG WI'TH 11ULCAN1Z EO JotN•£ 
0 - RING 
D-RING 
O·RING 
REXAGON ~EAD SCH~~ ¥LUG 
COPP£R SEIILJ·NG RING 
STUD. SCREW LI::NGt£Ji 1 1 25 0 
HEXAGON NUT 
srNG!..E COIL SPRING WMHER 
SINGLE COIL SPIUNG WASHER 
SLNGLE COIL SPRING WASHER 
HEXAGON SCRBW 
llEXliGON SCREW 
HEXAGON SCREW 
ffE;<AGON BOLT 
HEXAGON BOLT 
llli:Xl\GON SCREW 
HEXAGON SCREW 
RESTRICTOR 
HEX. SOCK~r HeAD C~P SCREW 
RES'rR.IC'l'OR 
REDUCING SOCKET NIPPLE 
COPPER SeAtTNG aiNG 
HElL SOCKE'l' fii!AD CliP SCREW 

l1AGI! 
ORAIHNG 
OROI!.RNO. : 

•• ••• •• 

2 
20169"15 
T07l00/0~ 

PAR'l'NO. Qtf~'I'ITY 

M7~610l.Oi3~ 

T001016Cl78 
T0020170Jl 
W0'07 0 6517 4 
T0010l2733 
W007000860 
W00700096:} 
W007000819 
W007001 048 
W007000730 
WQQ7000667 
W007000298 
W007000517 
1'100.7001069 
\4007000580 
)1710380254 
M7J.l000Jo10 
1'1711050381 
M1140400J6 
MH61000D 
M7161 00036 
~1716100039 
M713000478 
M71300Q4&0 
M71J000530 
M7U005536 
M7l3005539 
M71J000474 
M713000H6 
TQ010llll5 
M712040J30 
•rOOl D1t116 
M71019Q24l 
M7J1 0002&~ 

W00728J070 

8 , 0 
l,O 
1,0 
1,0 
2,0 
2,0 
2,0 
1 , 0 
~.a 
L, 0 
2,0 
1,0 
1,0 
t,il 
1,0 
1,0 
!/,0 
s,o 
B,O 
6 , 0 

J 8, 0 
"20, 0 

a,o 
6,0 
6,0 
~.o 
s,o 
2,o· 
8,0 
~.o 
6,0 
~.o 
1,0 
9,0 

12.,0 

NOTES : - ITEM NUMBERS NOT .LISTED HAVIS .~O'l' 81!!l:iN USEV 1N 1'/tlS INSTALL. 
- THE QUANTITIES AUD PA..q.TNU~JSERS SJJOS\'N ON THE PARTS L I S T 

,,RE 8ELJE:VeD TO az CORRECT, THE QUANTITIES S HOf1N ON THE 
DRAWTI'/0 ME FOR :TLWSTRA'I'TON !:lNT?i' 



~Ei) LIPS 

•rtT~E : UPPER GEARBOX ASSEMBLY 
TYPE : ASSEMSLY HR.TOOt0169l5 
L[ST : T07J000041 

!T£MNO, N A M £ 

87 STRATGRT MALE STUD COUPLING 
88 P!.AT!I W?.SIIER 
19 STRAJ:GHT KilLE STUD COUPUNG 
90 GLASS,SIGHT 
91 H!XAGO!I SOCK!T PI PI: PLUG 
92 ltEXl\GO!I BOLT 
9J CORD RING 1/ITII VULCANIZED JOINT 
94 REXAGO!I llfAO SCREW PWC 
95 o-RING 
96 HEXAGON KEAO SCREW PLUG 
97 COPPER SEALING RING 
98 SINGLE COIL SP~TNG WASHER 
99 SINGLE COTL SPRUIG WASHER 

100 II£XAGO!l lltl'r 
101 STUD. SCREW LE!IGTK 1,25 D 
102 SEAMLESS PREClSl~~ TUBE 
101 PLUG 
10~ Si'RTNG 
lOS Ptll 
106 RETA!NlliG RlliC fOR Sfii\FT 
lOi HEXAGON HEAD SCREW PLUG 
109 COPPER SEALING RING 
110 HEXAGOII HI!AD SCREW PLUG 
111 COI'P£R S EAJ..lNO Rl!IG 
112 COPPER SEALJNG RlNIJ 
113 TYPE SHIELD 
114 STRAIIJHT O!IOOVED Ptl'l 
127 OOWEL 
128 l'LAIII IOASH!lR 
U 9 HEXAGO!t SC'It£W 

PACE! ! 
0!\AI'IIIG 
ORDI!RIIO, : 

...... ._ 

t 
2016915" 
ro?J00/01 

PARTIIO. 

W006J50221 
W00737SOJ1 
WOOU50215 
T001020196 
W00657Sl00 
woon1o16J 
W007000297 
1'17lOJSGa56 
1;007000378 
M710J80248 
H7llOOOJ02 
11116100033 
M7l610004l. 
1'1?14 04 DOH 
11?11050486 
1130103523) 
T002017101 
roo2D049S.4 
1'002017102 
H718700l92 
MHOlaooJa 
M7ll0002~1 
11710380243 
M7J1000290 
H7llOOOJ2J 
T002017l'l0 
11007~80262 

TOOJ0025U 
W007J75051 
HH.,000424 

QDAN'I'ITY 

2,0 
12,0 

2,0 
J. 0 
2,0 

20,0 
1,0 
2,0 
2,0 
2,0 
s,o 
4,0 

20,0 
20,0 
,o,a 

500' 0 1!1'1 
6,0 
6,0 
1,0 
1,0 
1 '0 
1,0 
1,0 
1,0 
1,0 
1,0 
4,0 
3,0 
6,0 
6,0 

NOTES ; - I'1'i'!M JIU!IBERS /'10'1' LISTED HAVE .~OT BEE:N US/tO .IN TJJ1S 1NSTA1.C.. 
- THe OUAN'l'I'1'1ES AND PAR'I'NUMBE/lS SffWIJ ON THE PARTS LIST 

ARE BE:Lll:V!D :1'0 BS C'ORREC'1', TSE OUANTH'IES SHC*I/1 ON THE 
DEIJJ~ JNG ARE FOR li.LUSTRATION ONL'I 

8 B D 0 P L X 8 T 
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TITLE 
TY P·e 
LIST 

ITEMND. 

1 
2 
3 
4 
8 
9 

10 
11 
u 
)3 
14 , --" 
16 
1.7 
18 
19 
20 
22 
23 
27 
28 
33 
J-1 
35 
'36 
37 
40 
4 Dl\ 
41 
42 
43 
44 
45 
46 
48 

UPPER GEAl!BOle ASStlMBLY 
ASSEM!H .. Y f!R .T002Xll6915 
T07301004'3 

II A M E 

GEMI.IIOX, UPPER 
COVEll 
COVER 
BEARING COVER 
BEARING HOUSING 
RING 
SH~.FT 
SET, GE.AR; UGB 
SflAFT 
BEAl!ING HOUSUIG 
DISTANCE BUSH 
DISTANCE RING 
DISTANCE l!DIG. 
LOCKING NUT 
l)OCKING WASHER 
RACE,BALL 
LOCKING !IUT 
D!STMICE BUSH 
HEXAGON RE/ID SCREii PLUG 
Dlll!NlS!ilNG 
LINE,O!L 
HOLDER 
LANTERN PIECE 
RING 
i\DAPTER 
CQVER 
BEARING,CYL!NORICAL ROLLER 
OJSTAtlC£ RING 
SPHERlCl\L RO~LER BEARJNG,OOUBLE 
SPrtERlCl\L ROLLER BEl\R!NG , I)OtJlll·~ 
HEX. SOCKE1' ll EAD CAP SCR!:W 
RETAINING Rl.NG FOR SHAFT 
SPHEIUCi'IL ROLLER BEARING, DOUBLE 
SPHERICAL ROLLER THRUST BEARING 
SPHElU CAL ROLLER THRUS'J' BF./IRING 

ROW 
ROW 

ROW 

PAGE 
ORA WHIG 
ORDER"O.: 

1 
2016915 
'ronoo;o1 

PAR'l'NO. QUANTITY 

'1'00201?012 1,0 
TOOl.010556 1,0 
T002017014 1,0 
T00201703'4 1 , 0 
'1'002017015 1,0 
T002015040 1,0 
•roo2017 0ll 1, 0 
T002016969 1,0 
'1'002017009 1, 0 
'1'002017036 1 ,0 
'!'002017043 1,0 
T002017011 1,0 
T0020L7032 .l, 0 
TOul,OB9103 l,O 
'1'002017038 1.,0 
T00201704A )..0 
T003003000 1.' 0 
T0020t7042 i, 0 
M7l.OJ802J9 7,0 
T00201054& 2;0 
T001010592 1 ,0 
·ro0201"10Js 1 ,0 
T002017006 l,O 
'1'002.010J01 1,0 
T0020~0302 1,0 
TOQ20l0303 1,0 
W006220024 l,O 
T003002542 1,0 
W006210926 1 ,0 
woo6non? 1, 0 
1'1712040280 s,o 
1'003000520 1,0 
W0062100l2 1, 0 
W006260025 l,O 
WOD6260038 2,0 

NOTES - 1Ti:l.\1 NUMBERS NOT LISTED HAVEl NoT BEEN USED lN THIS IllSTll.LL. 
- THE QUANTTTlES AND PAR!l'NVMBli'RS SlJCWftl ON T!JE PARTS LIST 

AAJ!, BSLIEV&D TO 8E CORRECT, THE QOA11TI'I'TF.:S SHOWN Q/1 'l'/IB 
D~~ING ARE FOR ILLUSTRATION ONLY 



~rn LIPS 

TITLE 
'r'i P.£ 
LIST 

: UPPER GEARBOX ASS~LY 
: ASSEMBLY NR.rOOl016975 

'1'073010043 

L'l'UINO. N A M E 

49 
50 
51 
52 
5) 
54 
5~ 

56 
57 
58 
59 
60 
61 
62 
6l 
64 
66 
68 
~g 

10 
?I 
n 
73 
H 
?5 
76 
17 
78 
7ll 
81 
82 
8l 
84 
15 
96 

SINGLE COIL SOOAR& SEC'I'IO!l SPRlllG \ol 
SOPPOR'1'111G RING 
HOUSING,ROTARYSEAL,FOR 
OIL SEAL 
OTL S&AL 
O-RI11C 
0-RTNG 
0 -RlNG 
0 - RitlG 
0 - R.INC 
CORD RING li'XTI1 VULCANIZED JOIN1' 
CORD R~NG \oltTH ~LCANIZEO JOINT 
0 -RlNG 
0-itiNG 
O•RUIG 
I!E:XAGON R&AD SCREW PLIJG 
COPPER SEALING RlHC 
STUD. SCREW LENGTH l,Z5 D 
HEXAGON tlUT 
SINGLE COIL SPR1NG hAS!iER 
SUIGU: COIL SPRING W.\SifER 
SrNGLE COIL SPRING WASHER 
HE:XAGON SCREW 
HEXAGON SCREW 
HeXAGON SCREW 
REXAGOI'I SOUl' 
IIEKMO>I BOLT 
liEXAGON SCREW 
lreXAGOl> SC!UlW 
R&S'l'RI:CTOR 
HEX. SOCKET K&AO CAP SCREW 
RES'J'RICTOR 
RWUClljG SOCKE:J NIPPLE 
COPPER SEALING lUNG 
RE"X. SOCKB'l' II £AD CAP SCJ<LW 

PAGll : 
DRA~ll<G ' 
OROERNO. l 

•••••• 

2 
20H~l5 
T07300/0l 

rMTNO. 

11716101011 
'1'001016078 
T0020170H 
W007065l14 
T0010l2733 
W007000860 
W00700096J 
W007000829 
WU07001048 
W007000710 
li'OO?OOQ6~7 
11007000296 
\1007000517 
W007001069 
WOQ7000580 
1'1710380254 
l'l•l llOOOJOO 
1'171l050381 
11714040036 
1'!71H0003l 
l1'7161000J6 
H71U00039 
M713000478 
M7ll0004SO 
M71.3000530 
M7l.)0055J6 
M7ll0055l9 
11713000~74 
K713000476 
T00101Hl!O 
K7\l040330 
T00101U16 
H710l<JOZ41 
H7ll.000261 
11007291070 

QUANTITY 

s,o 
1,0 
1,0 
1,0 
1,0 
2,0 
1,0 
t,o 
1.0 
1 ,0 
2,0 
1,0 
1 ,0 
1,0 
1,0 
1,0 
s,o 
s,o 
s.o 
6,0 

1a,o 
lO,O 
4,0 
6,0 
6,0 
4,0 
s, 0 
i,O 
8,0 
2,0 
6,0 
3,0 
1,0 
9.0 

1.2,0 

NOTES : - IT&~ NUMSBRS NOT LISTED IIAVfJ 110'1' /JEEN USif:O IN 'I'Hls INSTALL. 
- THE QUJI.VTITI/!S NIO /!'li.R2WUHJJ£RS SHOI'!N ON TilE PARTS LIST 

ARE BBJ.IIf:l/50 TO 88 CORRECT, TirE OOAN'I'JT!ISS SBCWN ON THE 
DR;.;o;niO A11ii FOR ILLUSTRATION ONLY 



~E3 LIPS 

TITLE 
TYPE 
LIST 

~~p~ G~RBOX ~SSEMBLY 

ASSEMBLY NR.T002016~7~ 
T073010043 

ITEMNO. N A M l'J 

8 7 STRAIGHT M!\LE S~'tJD COUPLJ ll<l 
88 ~Uitl 1'11\SR.O:R 
89 STRA.IGH'l' MI\LE STUD COlfl!LING 
90 GLASS 1 SIGRT 
9~ HEXAGON SOCKE~ PIPE PLUG 
92 HEXAGON BOLT 
93 CORD RING !iiTff ytll.•Ci<NT2ED .JorrJ·r 
9~ HEXIIGON HEllO SCREw PLUG 
95 0-RHJG 
96 liEXAGO!< HE~O SCR6W 'PLUG 
97 C~PPER SEALING RING 
9 8 SINGT,E COIL SPRING WASUER 
99 SINGLE COIL SPRING WASHER 

100 H~GON NUT 
101 STUD. SCREW LENcTH 1,25 D 
10Z SI!A."'LESS PREC!SlON TUBE 
~OJ PLUG 
104 SPRING 
~05 PH! 
106 R!ITATIIING RING FOR SflAP'f 
~OS ~EXAGON ME~D SCREW PLUG 
109 COPPER SEALING RlNG 
1 1 0 HEXAGON HEAD SCREW PLUG 
~11 COPP£lj SEJ\LHJ'G' l<TNG 
112 COPPER ~EALI NG Rl~G 
113 ~YPE SHIELD 
~14 STRAIGHT GROOVED PI N 
l27 DOWEL 
128 PLAIN WASiiER 
l29 HEXAGON SCREW 

1'11GB : 
DRAWING 
ORDEiUIO.: 

•••••• • 

3 
201 S9l5 
T07JOO/Ol 

PARTNO. QUANTITY 

W006350221 
WOO?l750J1 
W006JS0215 
T00102019S 
W006575UO 
W00711 0 16'3 
WOD7D00297 
14710380256 
W007000378 
.M710JS024.8 
M73100D3n 
M71610003J 
M716100041 
M7l4040041 
M,.../1.1 05.04.86 
1430~036233 

T0020171Dl 
'1'002004954 
T0020l.Tl02 
H7167003n 
.M710J800J8 
14731000?.51 
Mi~OJ8024J 
14731000290 
14?3}000'323 
TOOZ017131 
WD0"/580262 
·1'003 002541 
~D07J7S051 
147130004'?4 

2,0 
u,o 

2,0 
3,0 
2,0 

"2 0' 0 
1,0 
2 , 0 
2,0 
2,0 
s,o 
4,0 

20,0 
1o,o 
20,0 

soo,.o "'M,M 
6,0 
6,0 
~.a 

1.0 
1,0 
1, a 
1,0 
1,0 
1,0 
1,0 
4.,0 
3,0 
6,0 
6,0 

NOTES : - I'I'EH IW.'>fBERS 1/0'l' LIS'J'SD IJAVS 110'1' 8EIEN USED IN THIS IoVSTJ\LL, 
- THE QUANTITilfiS A.>ID PAR,TIIUMBERS SHOWN ON THE PARJJ'S £I.ST 

ARE BELIEVED TO BE CORRECT, THE [)UAN'fllTLES Sf/OWl< 011 Tfffi 
DRllWTNG ARE 'FOR ILLU51'RM'ION Of{L'f 

E N 0 0 f' L I 8 T 
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I 

,,cl{d 

I ··~ 

1- 690~4 _] 

~or -~I\ 
\~;Oti.JW 

DETAIL f 

PUSH·UP DISTANCE 10'0·5rnm 
OPSCHU/FWEG IO'O.Smm 

IN JEer/ON Pfi/ESSURE 1860! 90 bar 
ORUI< T'JO/ENS NJNrAC£ 1860~ 90 bar 

FOR 1-'0UNTING INSTRUCTIONS SEE 20073.17 
VOOR MONTAVE VOORSCHRIFTEN ZIE 20073J7 

FOR SYMBOLS IJNO TORGUE SEE 20504£3 
IIOOR SYMBOLEN EN AANHAJJLMOMENTE/11 

ll[ 2051]40 

STA.S:?T POINT LOAD 35 bar 
AA.N'IIlN$ l'lfLAST/NG 35 bar 

MOUNTING OF FLANGE 2051935 
FLENS MONTAGE 2051935 

LBGk 160 

·­·-



[!t:1 LIPS ••••••• 

TITI,.E 
TYPE 
t.IST 

IT~MNO. 

1 
2 
3 
4 

NOTES 

ASSEMBI..Y OP FLANGE t SPEED PICK-UP 
ASSEMBLY NR. ·T0020171~3 
T073010042 

N A M E 

PLAT~,ADJUSTING 
HEXAGON SCREW 
STUD. SCREW LENGTH 1,25 D 
SEE ORDER PARTS LIST 

PAGE : 
DRAWING 
ORDERNO.: 

1 
2017123 
T07300/0l 

P!IRTNO. QU~NTITY 

T002017124 1,0 
M713000532 6 , 0 
M7U050280 8,0 
T00299998S 1,0 

- ITEH NUMBERS NOT LISTED HAVE NOT BEEN USEO TN THIS INSTALL. 
- THE QUAJITITIES AVO P.ARTtiUMIJERS 58011/1 ON 1'1/E PARTS LIST 
~ SELlEVfD TO BE CORRECT, THE QUAA'TITIES SHOW" ON TNE 
DR»>ING liRE FOR ILI.USTRA'I'ION ONLY 

E N 0 OF LIST 



rJEE LIPS ..... ; 
LIPS THRUSTERS DRUNEN B.V. 
r--=--=~ ~~-=~-~= o:=~.~~=~~=l 

IOIJR. 200?ll7i: 

(~o~ propeller shaft. 1 _Ft'opoller hub c:onnection 
d~scription r o.nr. 2006192, keyless propeller ~ountlng . 

.... 
l) Clean the shaft end thorough ly and chack that tho right hub 

will be ~ounted on tho clqht &haft end (in refcrenoa to 
classif1carion nU3bers which b•lonq to tho corc.sponding 
sh.a ft nWill>en). 
Ch•ek roughnee6, pay special ~~tantion t o sharp adq~s (ends 
and oil groove!>} • .smoothen .1 r necessn ry. 

2) Prepate s hA.tt. e.."i.d vith &nqinoer~s blue . 

l) Mount the hl.ll> end push it lo'ith handforeo or by its ....,Jght 
on th• shaft ond. Ne•t disQ~unt ~he hub . 
TakO care to preserve tho obt•ined print. 
on tna snaft and on the hub it sho~ld elcarly sbolo' if tho 
t~per i5 bearinq eorreetly. 
U the .installdtion Is uru:!er: classification sur1ay , a 
cl~s•lficatlon surveyor should attend to these ac~icno. 

t) Clean tha shaft en~ and ~uh tboro~ghly «nd mcunt tbe 
necessary ~ool equiprant. Ose t Ae cor~eet type of oil lot 
the hydraul !c pum~;~: OMALA 100 or equ l vall!nt. 
A cl•sslticat1on s urveyor s hoUld attend the actual 
prossir.~-on procedur e when this is applicable. 

5) Now push tn• hUb on the sb~ft and initialize a pre-load 
fore~ (~1th gatx tho hYdraulic nut) ot 10~ o! tho tot•l 
push-up lorce; sae instructions on ~he drawing. 
I.f this pra·load foroa is unknown, oU't" cons.tt"uctlo.n 
dep•~ent sbould be counsell~. 
The pr:a-loa~ Coree , divided by the tf!ect ive arwa ot the 
hydraulic nut, q~vas the ~re·load pressure. 

6) At t •r the h~b is mountod with ~Te-load, ~ di~l Q4uqo hat to 
be rJtted on a tixed place with regard to the hub. 
Place the sen• or of th• dial qauqe on the bUb And .adjust 1 t 
to %er:o. 
~ote th£ distance to the tl~ed point. 
Now pt:ess the hvb on the shaft according t o th~t p1,1sh-up 
1anQth (see Jnst~uctlon or dr4Wing) by means o f tht> 
hydr•ulic nu.e. 
The uxi11UJ1 prusure on the hydraUlic nut. "'ill b4l: about- LO 
ti~•• the prt-load pressure. 
Tha h~~ should ba kept under ~ro~s~re duri ng pU&blnq on the 
sh~tt. acco~pllshinq that lt will ~ove on an oil !ilm. 
~h(~ preasure shoold be .noted on the drawinqf ir not pleas• 
consult Qur •r.gln:e-!'"inq deparu:o:tnt . 

~/2 

Drune-n, 1992 



~t.E LIPS 

LIPS THRUSTERS DRUNEN B.V. 

~~~n tne push-~~ lan~th ~s r~ach•d, tnc hub nhould be 
depre•Su..rlzE.d. b'.lt tho hydr-a.uls.c nut .sh-culd bo kept under 
pra$=ure fc~ soeo tl&Q to p~v~nt ~lidinq ~ck ot ~e h~. 

~lt•rnotively to ~, 5 and 6, the hub ~•Y be tlttod to the 
shatt 1 he~t&d up to a suit~bla temperature T2 , eolcu]ated 
as: 

pq.to·'!! 
T2 • T1 + a. X. d • appr. 30' c. 

Tt • aha!c te~era~ure c• C.) 
pu • puch-up Icnqth (Qm) 
K • taper ~tio 
d • mean cone diameter (mm) 
a - 1, l to 1, 51 dllpllnding on mn~ rl.a L of tho llub 

A~iliarics to ••e4trtain an ('oXace push-up lenq-tb have to be 
providad for, !.i by aacbinLnq the retaining eov~r on the 
Linal d~%eosion atoreband or fit~!ng a tcepor.ary cove~ over 
the hub (at the small end), u5lnq a pce~lsely •achined 
distance p1oce. Both hub and shaft to be cleaned ~lth 
solv~n~. Hub c~ Pa heeted-up slowly and e~pecielly evenly, 
preferably by induction. 

?) ~r tha flanqe is ouppliea with retainer plate, the 
dl!C~rence between shaft ~nd tl•nqe should bo ceasur~ and 
the rotaine~ a~•Pte~ to chis •••sure. 
The push-up le"gth aust te sta~~ed to the rotainer plate. 

DIS!'{QU.~'J:It!G INSTR!.'C'UO!IS; 

set up a buffer for tbc huP as follows• 

oepraasurlze the hydr~u1ic nUt an~ loosen a little mo<~ than 
the pu~h-up l~nqth. 
A1cern•tively~ put a $Ul~able s~cw~ batweea the shaft's end 
~ace and th~ r~t~in•~ plate, usinq Lon9e~ bolts, ••pa pcop~ty 
class, and re-ti9h~en thGm. 
If roC]\IIrEid, as lnd!eateC! by prevlous ,.xperienoe or a tlal1q4 1 
t\Ub c!tometn ratio or appr. 2, lt h advised to heat up til• 
flange outer di<~oater qutck.ly ~o 50' - 60' C. 
Area near ta~er Q~st r~ain cold. 
Then t!'\• bub is put. unde-=- bydraul lc: pressura, alter which lt 
should CO::lo oft the shdfc vi~h a loud banq u it bits the 
bu!C•r-. Tha buffer i.; ~ssent:L81 Cor pe.csonn.el ~afet.y, es well 
as to prGvent da~a~e to co~pQnents. 

NOTE• It the dis~ountlnq is on !ntcr~edlate ph•'o of t he 
•~se-obly o! a C'O.rn.Flete qaa rbox, tb ts d 1•aou..nt.inq must. 

take place vlthin on• (1) week 1s ~lee aft~r &oun~inq of the 
flanqa. orunen, 1992 

I I I • • . 
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~EE LIPS •• ,. c 
Form.nr 2006192-pagi 3 

LIPS THRUSTERS I Konische vcrbiodi.ng I Taper fi~ 
Datum: 
bate 

Ordal' na.am: 
Ordai nan;e-

Volg~r: 

Sequence nr. 

Keur: 
Clas.s 

' "'-"' lnSlrur:tlon 
SOol't verbinding: 

WI1Jeh """"""den 
-

Temp. naaf en 1s: 
T""'p hub & •hall 

~~~~. ~'-'"'"1" 
corretp .. push ... up 

hoc./ ver-,._ 

vooultuk [bar I 
prelc>ad 

alstnn~ totnuls jmm! 
dlmnca to nou•lng 

~rnet\'Ctlgr:t 

difference w. prevrDus 

opsr:h•llweg jmmj 
~up 
moor d<uk (bar) 
nut press. 

naal llnlk (bar! 
hub ptess. 

,.,,._,.., tot as jmm] 

ci"<Stanc:e to "'"" 

N:aam 

Patalll 

lTD Ol'lle<fV. 

Type Thrusten 

Bouwnr .. 
auildlno nr. 

Sclvoe!nr.: 
Propeller nrp 

2006t92/2007J37 Op-pers rek.! 
l><ono a1aa1 

l.k!<Jnt>ng - -

• 

t•.·enruael vooraf lnvylle.n 
eileen ter ele~k.e lnvulten 

so~>•ui•t• pet~ 
•c hy-nutused 

biPM 11001dr1lk 
fM1 couMp. pre-load 

lernoruage 2A! .,_,.~ 

LTO Clan 

-

bat 

3o mof'!fJgs 

. 

lo<m 2006192 p l 
= ]009909 
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~E:1 LIPS 

TITLE 
TYPt 
LIST 

ASSEMBLY Sln:TCII 
ASSEMBLY NR.T0030046~1 

I T073010044 

ITEIUIO. lll\l!E 

l CABLE GLAND 
2 SWI'lCII 
l TERMDio\L BOX 
4 SLOTriiD Cl!l!£SC IIV.O SCREW 
5 HEX. SOCKET 1!£.\0 CAP SCREW 
6 SUPPORT 
7 BLIND PLUG 

PAQB ~ 

DRAWI~G 3004611 
ORDERNO.: T07J00/01 

PAR'rnO. QUANTITY 

W006541062 2,0 
W006830227 l ,o 
T00102ll66 1,0 
11712030376 2,0 
M7U045390 1 ,0 
T003004610 1,0 
W008997038 1,0 

NOTES - I TEK NUHBBRS NOT LTSTED HAVE NOT BEBN USED IN THIS I NSTALL . 
- THE QUANTITIES AND PANTNUHBERS SHOWN ON THE PARTS LIST 

1.RE BELIEVED :ro BE CORRJSCI', THE QUANTITIES SHOWN ON THH 
DRAWING ARE FOR LLLUSTRATIO/i ONLY 

a W D 0 f L T 8 T 



~t:3 LIPS 
• I 
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LIPS THRUSTERS DRUNEN B.V. 

CHAPTER 2,4 

' I 

STEM SECTION 

• a I I I I t 



~t:3 LIPS ······ ~ 

LIPS THRUSTE'RS DRUNEN B.V. 
~~~~~---===-===~ 

~&A GT[H SEO~IOH 

Tho main parts of tho stomsection areJ 

- thQ steering gearboX 
- tho support pip" 
- tl\a s~earinq pipe 
- the vertieal intera•diate 5haft 

Tha. Dain functions ot thea stease~ion era: 
- providing the a~imuth capability 
- 9<1netrating tbe hull 
- connecting the uppe~ gearbox wlt~ the propeller gearbox 
- tran6oitting torque to tho propeller ehoft 

Tbe upper Uanqo ot the support pipe. 1s bolted to tha steering 
9e~rbox; connection to tha propeller gea~box is achieved 
through the shank (chapter .z. 6). 
On the cover of the •toarlng gear box tour stooring units are 
lTIOUnted 1 see paragr•ph 2.4.1. Tho pinion. ot uch .stae.ring unit 
1• is connectooc! to tho spur gea-r wh .. el, provicSing the .,.;.,uth 
function. 
The support pipa is the &eans by \lbich tho h\tll i• pene"ttat@c! 
4nd contains the baerinq~ on which the ata•rlng pipe is 
carried. 
The lattor is projecting !rom the support pipe and has a 
!lange to whleh tho shank is bolted. 
A sealing arranq~e~t ia provided £or h•twoon the support pipe 
and the &tee~ing pipe consisting of thr•• aeal rings running 
on a ceramic coated liner. 
llgained;; l:ha innm: \o/Dil of tho steering' pipe tha oil sucti on 
tubg is fitted running from the bottom ot tha propeller 
gearbox to a seilltnq arrangement at the top of the steer-ing 
pipe. 
The vertical lnteraadiate shaft is !ittod v itb a shrunk 
c:onne.cted sleeve with apline.s a.t each e:nd. Tt t.rammits the 
po·""cr fro• the upper gearbo-x otit.pu-c. sh• rt to the propollc-r 
gearbox input shaC~. 
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~f:j LIPS • ••• • •• 

TlTLC 
TYP! 
l.rS'I' 

J'l'EMliO. 

:t 
J 
~ 

5 
6 
7 
8 
9 

0111 
018 
OlC 
0 10 
11 
n 
13 
14 
15 
16 
17 
18 
u 
:u 
27 
28 
29 
30 
31 
n 
35 
36 
38 
)9 

40 
41 
H 

Sl'EMSECTlON 
ASSeMSL~ NR.T002016911 
T07J010021 

P~GE' ! 
DRAWING 
011DERNO. ; 

1 
2016917 
1'07JOO/OJ 

N A J<l E PARTNO. QUAI'ITlT'l 

P rPE , SUPPORT Toozosn9B 1,0 
PIP!l, ST&EIUliG T002017061 I, 0 
CEAR lffiEEL HUll '1'002006705 1,0 
G""ll WHE&L '1'002005774 1,0 
SPHERICAL ROLLQ l!T.ARIIIG, DOUBLE ROW W0062109H 1,0 
SPHERICAL ROLLTR BP.ARtNG,DOUBLE ROW W0062l0924 1,0 
LINER '1'002006'/11 1' 0 
HOLDER T0020067J8 1 ,0 
COVER '1'002017067 1,0 
GEARBOX 1 STE&RlliG TOOaOl6708 1,0 
IIEXAGOH SOCKIM' tfEAD SAO(]LDER SCRJ:IW W007350 034 6,0 
ltEXJ\GO!I NUT lol714040036 6,0 
GLMIO '1'00201&71 0 1,0 
DISTANCE lUNG '1'00201)6?17 1,0 
RE'l'AININO RIIIO '1'002006119 1,0 
SE£ ORDER PAII'I'S LTS'T '1'002999985 1,0 
I. !liD! '1'002017109 1,0 
HOLDER '1'00201671:1 1,0 
PISTMlC& RING T00?0167H 1,0 
COVER rooaoo67J7 4,0 
BEARING BUSH T002016712 1,0 
RETIIUIING RING 1'002006710 2,0 
ADJUSTll<IG Rr NG W00417502~ 24,0 
BUS!! , C~N'I'R!MO 1'002005969 23, 0 
BUSH, cs:wrRINC 'r0020058 68 1,0 
StiPPORTING RING '1'002006993 1,0 
SaPPORT!NG RlNC 1'002006788 1 1 0 
nlD!CATOR TOD200?059 1,0 
SING[.£ COIL SPRING WASHER M7161000J6 20,0 
RPQ.GON NU'f 11714040039 44,0 
S'I'OO. SCREW LENGTH 1,25 D 11111050432 44.,0 
HEXAGON K~ SCR£11 PLUG M710380256 4,0 
COPPn S!ALfNC RING 117ll000340 • • o 
RBXI\GON SCREW H7ll0004BO 12,0 
STNGL6 COIL SPRING WASHER 117161000~3 12,0 

NO're!i : - ITS•~ 1/UMBBRS NOT USTED HAV£ NOT BEJif/ USE:D IN THIS INS~'A./Jo. 
- 'I'/1E OUA!IT I TIES AND PAiiTNUMb!MS S/JCJol/11 ON THE! PARTS LIST 

ARE B.ELIFNF!D TO BE CORRECT, Til£ QUAI/T!Tl/SS SHOWN ON TilE 
!JRI-i/IIIG ARB f'OR ILLUSTRATIOII 011~'!! 



rlt:1 LIPS 

TlTL~ 
T'tl'll 
t.TST 

STEKSI:CTIO!I 
: ~SSEM8t.Y NR.T0020169l7 
: T0730100U 

t'ttM!Io. II A M £ 

43 
~4 
45 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
GO 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
73 
74 
75 
7' 
77 
78 .,, 
81 

KEX. SOCKET HEAD CAP SCREW 
CORD RING WITH VULCANIZED JOTNT 
II EX. SOCKET HEAD CAP SOREW 
11£X. SOCKeT li8AO CA~ SCREW 
II EX. SOCKET HEAD CAP !;CREW 
8EARING,cVLINDR!CAL ROLLER 
H£X. SOCKBT HMO CAP SCRE~I 
ll£XAGON BDt.T 
HEXAGON SCUW 
6EALDIG RING 
HEXAGON BOLT 
III::XAGOII SCREW 
STOll. SCI!l)W I.D'GTII 1, 2$ D 
O·JU!IG 
0-RXNG 
CORD RING WITH VIILCA!IU!D JDlHT 
SEAMLESS JIR~lSIOtl 'TilliE 
HEXIIGO:; SOCK£'1' liEAD SHOULDER SCREW 
s I!ICLI! con. SPRING WASH BR 
HI!X.O.GON NUT 
Lll'II!,OIL 
RING, CENTRING 
0-RTNG 
0-lUHG 
11Ji:X, SOCKET HEllO Cl\1? SCREW 
OJL S&.O.L 
CORD RTNG WITH VULC~NTZED JOINT 
OIL S!:AL 
CORD l!tlf<l' WITH VULC.\lHZJ::O JOINT 
CORD RlNG II!TH VULCANIZED JOINT 
S~L~SS O-R1NG SEA~ 
V-RING 
CORD R.niC IHTR 17Ut.CAIIU!D JOIIIT 
O·RJIIC 
HEXAGOII Hl:AD SCREW PLUG 

. . Plloe 
DRAWI_HC 
ORDER."<>. : 

• • •• •• • 

2 
2016917 
'r07300/0l 

PAHTNO. QUANTITY 

W007lU(l8~ 
W007000JOO 
H71~0454JB 
M712040J82 
11712045~87 
W006220021 
K7l204.5J88 
Mlll005593 
T002007705 
T002009:194 
W007\l0142 
lfHJ0014BO 
H7ll0504J5 
W007035628 
W007000809 
W00700H27 
HJ01035lO< 
W007l50049 
M716100Dl9 
MH4040039 
T00201710J 
TD020l706J 
W0070006U 
W007000712 
117120.0]30 
W00?065l64 
W007000297 
W007065 16 J 
W00700l429 
W00700DJOO 
W0070l1005 
1<730030046 
11007058006 
W007000577 
\I006!>Ulll 

48,0 
1,0 

~2,0 
4040 
10,0 
4 ,0 

'2~,0 
24,0 

&,0 
4,0 

16,0 
24,0 
25,0 

4,0 •.o 
1,0 

uo, 0 14M 
2,0 

25,0 
2S, 0 

l '0 
1,0 
1,0 
1 ,0 
7,0 
4 ,0 
1,0 
J,O 
2,0 
l,O 
~ ,o 
L,O 
L,O 
2,0 
l ,o 

NOTES : - ITEH NUKBERS /lOT LISTED HAVE NOT BEEII USED IN THIS INSTALL. 
- TH£ QOANT1TIES MID PARTNUHBERS SH~<N ON THE PARPS~1ST 

AAE BELIZVED '1'0 BE CORXEC'I', THE QOAN7'1'1'IES SHCMN ON TH1f 
DRAWING ARt FOR ILLDSTRATTON ONLY 



[!tij LIPS 

TITLE 
TYPE 
LIST 

STEMSEC'l'lOif 
ASSEMBLY NR.T002016917 
T073010021 

ITEMifO. If A 1'1 1l 

82 OUBO RETAINI~G RING 
83 REO CAR 
84 COVER 
848 0-I!JNG 
84C GLASS,SIGHT 
85 COVER 
85 STUD. SCREW LENGTR l 125 Q 
868 HEX. SOCKET HEAD CAP SCREW 
87 SINGLE COIL SPRING WASHF.R 
811 HEXAGON NUT 
89 0-RIIfG 
92 HEXAGON H£AD SCRfW PLUG 
9 J COPPER SEALING RING 
94 SEANLBSS 0 -RIIfG SEA.L 
95 STUD. SCRfW LEMSTH 2,25 D 
96 Sli'IGLl! con, SPRING WASHER 
97 liEXAGON NIJ'r 
9 8 H];}XAGON SCREW 
9 9 PLI\IN \'11\SffER 

1 OJ s•tUO. SCREW LI?NG'fH l 1 2 5 0 
104 HEXAGON NUT 
105 LIQUID LOCKING ADHESIVE 

PAGB 
01\1\WTI'G 
ORDERNO.: 

••••••• 

3 
2016917 
TO?J00/01 

!>~.R'ri'lo. 

M716601033 
woo4&3002J 
T0030()1793 
M730000140 
TOOJ001792 
1'002007058 
W007265027 
\'10 07281053 
~!71610003 1 
){714040031 
W007 000809 
M710380254 
M731000J2J 
W0 070Jl006 
11711050486 
~!716100041 
!!7t404004l 
W007100410 
~716000436 
VI007265037 
WOO? 2100 54 
TOOZ00554S 

QUAI'TlT~ 

1,0 
1,0 
l-4, 0 
1,0 
1,0 
1,0 
2,0 
2,0 
2,0 
2,0 
1,0 
2,0 
2,0 
1,0 

48,0 
48,-0 
48.,0 

4,0 
4,0 
4,0 
4,0 
1,o 

NOTES - ITEM NUMBERS NOT LISTED HAVE NOT BEEN USED IN THIS INS'I'AI;L. 
- '1'11/ii (!UilN'l'l'I'IES AND PAAToW)MBERS SHOWil ON THE PM'l'S LIS2' 

ME BELib'VED TO BB <..'ORReC'I', THB QVI!N'I'TTI P:S SHOI'IN ON ~'HE 
DRloNli/G ARE f'OR lLLUS~'RNriON ONLY 

B N D 0 P L r S T 
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CHAPTER 2.4.1 

STEERING UNIT 

I 



~rn LIPS 
LIPS THRUSTERS DRUNEN B.V. 

g,1 •• STEERING UNIT 

The steering unit ~nclud~s: 

2.4.1.1 Hydraulic steering motor 

2.4 . 1.2 Planetary reduction gQarbox 

~.4.1.3 Azicuth feedback unit 

••••••t. 

The thruster steering pipe with connecteq gearbox.and 
propeller is rotated by hydraulic power through fo~r steering 
motor assemblies fitted on the steecing gearbox. 

For lubrication of the reQuction gear the same oil may be ~sed 
las applied in tbe lub~lc~tion oil Systen ot the thrusters . for 
oil types a specification sheet is included in p3ragraph 3. 

The feedback unit is necessa.ry to re.turn "achieV~d steering 
position1' to t.ha indicators in the control .stations, as well 
as faedback information to the ~teering eon~rol system. 



"i"' 
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TITLE 1 

TYPE 
L~ST 

I T!I'.IIO . 

l 
2 
3 
4 
5 
6 
7 
9 

10 
11 
12 
ll 
14 
15 

S1'1'JERJ.NG MOTOR l;SSyY 
ASSEMBLY NR.T00201G666 
TO?J01002J 

NAME 

IIYDRA11t.lC MOTOJ< 
REDUCT!OH BOX 
HEXAGON BOLT 
HBXI'.GON NUT 
SINGLE COIL SPRING WASHER 
0-RING 
STUD. SCREW LENGTH 1,25 0 
SII<Gl.£ COLL SPRING liASHFR 
HEXAGON NUT 
STRA IGK'r MALl! STUD COUPWHG 
PART NOT APPLICABLE 
PART NOT APPL!CAaLE 
HElL SOCKllT COON'fERSUNK lfFJ\D CliP 
RJNG,MOUNTING 

SCR 

PAO!t 
ORAWING t 

OROERNO.; 

1 
Z013110 
T07JOO/Ol 

PAJITIIO. QUAN'l'ITY 

T00l0l6665 I, 0 
T00201Jl09 1 ,0 
M713005484 s,o 
M7140400D 5,0 
M7l610003J s,o 
W00700lOH 1, 0 
woon65037 12,0 
M7161000l4 12,0 
W007210054 12,0 
W006)50l47 1,0 
T00299999S 1,0 
T002999998 1,0 
M7120~0l7 2 <,O 
T003001656 ~. 0 

tiO'l'ES : - JTEH IIDHBBJIS Nar LISTIID HAVE HOT BE'8N USED TIT 'I'FflS Il/S7'ALL. 
- 'THit ()(JAN'I'J't'IES l<.VD PNITNIJHBERS SHQlfH ON f'll!l PART'S LIS7' 

11118 IJI:Z.UN7!D TO 88 CORI!ECT, 1'ii.B OUAII1'X'l'111S SiiCf>'N ON 'i'lfS 
DRAWING ARE FOA ILLUSTRATION ONLY 

E N D 0 P L I S T 
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CHAPTER 2.4.1.1 

HYDRAULIC STEERING MOTOR 
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~ill LOPS •••a••••••o• 

!dent nr · 2076665 -

~: Sta!ES S?iLii:~ J>.>.?.U 

OESC:It1P'i:IOI< C~'K": • COOt -
1 wotor co._rer- 1 0 128 100 3:12 

2 bolt a.s MHx45 10 - 0 o:o 025 2H , drain plug- l./2" 1 0 010 023 041 

• wash•r 1 0 010 018 022 

5 aaonet plug 1/2" 1 0 010 023 05S 

6 w&ah•r 1 0 010 018 0 22 

7 - I ~:~laaHc pluq 1/2" 1 0 010 on 015 

I cover/boc!V o-rino • 1 0 010 012 277 

9 bolt; hot~ o-ri119 10 0 010 012 261 

\0 erunnlon S.P..al+o-rintr 10 - 0 010 H2 201 

11 bQahinc; 10 0 0!2 107 nz 
1: e. eli~ 10 0 

• 
0!0 001 103 

13 I r.or:aal ln!o;l!'...; ( 10 0 112 109 H2 

• ~· 
short !>us~ inq 10 0 112 108 212 

15 cylinder 5 0 H2 102 205 

16 ! eyllnd•r o - rinq 5 0 010 OlZ 214 

17 cvUnder s~l 5 0 010 0]8 002 

10 pta eon 5 c 142 100 206 

H spha<". supp. rino I 0 128 l.OO 210 

20 retaining ring 2 0 128 102 Jll . 
21 r•'t•ine.r spr-ina 2 0 1U 101 220 

22 extern.al· c.clic> . 2 0 010 OCI1 059 

2J lneerr.•~ c.clla 2 0 010 001 069 

24 ~~~~c•r rinq 2 0 010 011 0<2 

25 I rollers 1.!. 0 0!0 020 026 

H aJ\4!~ be:~~~nq 2 0 010 007 015 

27 IQ4le Sh.lf't- ur:i 1 0 127 100 204 

28 shaft seal bahsl. 1 0 010 002 012 

29 c. clip 1 0 010 001 061 

JO moto-r body 1 0 128 100 601 

I 
' 

• 



• 
SRL . ... , ....... , ] {dent nr 2076665 L DISTAIOlHORS 

2 4 5 0 II 12 13 IJ 

\\\ \ \ \ 
. \ I 
t~lrr:b 

\ 
------

@) 

, .. . tO 

! ~-I/':) )1 

~~~ o·. 
~""~ 

I DISTRIBUTOR 

l ptaatie pt.Jq 0 010 O~l Oll 

2 bolt no S 12.~ Ml2xd0 0 010 Dl5 JU 

3 diatribu~or cover 
0 140 '" 003 

' • 4 o-:-inq Sf'al 0 010 012 043 

s o-rinc: s.ael 0 010 012 oco 
6 plastic 5eal • 0 010 0]1 054 ' 

7 s~~•l an~i-•~trus1on r!nq o 1•0 ooo oul 
e~ I clastic s~al rlr~ o 010 ou oul 
9 o-rtr.a s~.al 0 010 012 256 1 

10 rotary dis~r i butor 0 140 000 001 

11 bu=t\ o Ho ooo 012 I 
12 bro~z.e oear! nq dt•c 0 lCO 000 250 I 
13 locat:ian pins 0 010 020 048 I 

14 diat~tCucor drive ~in 0 112010) 109 l 

• 
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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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~m LIPS ••••••• 

TITLE 
TYPI'l 
LIST 

ITEMNO . 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
n 
12 
n 
14 
tS 
16 
17 
18· 
20V 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
11 
32 
J3 
34 
JS 

AZIMUTH FBtOeAc~ UNIT 
ASSEMBLY NR.T00l002491 
'1'073010024 

N A It E 

POWDER 
PLATE, Bi\SE 
RING 
PLAtt, BASE 
BUSH 
SHAFT 
SHJ\PT 
SHAPT 
GEAR Wflf;EL 
GFJ\R WH£EL 
GEAR WHEEL 
GEAR WHEEL 
DIAL 
PO!N'1'ER 
BUSH 
GLl\SS 1 SIGfl'l' 
PACKING 
X -SEALING Rl!<G 
0-RING 
!'OTEN'I'IOMETF.R 
s·coTT £0 CH.EES E H.El,O SCREW 
RAlL 
CLIP 
WASHER , SQUl\RE 
E!ID PLATE 
aBXAGON SCREW 
HEX. SOCKET t l €)>.0 CAP SCRt:W 
QLI P, 'BINDING 
SCREW 
St.OT'l'E!D CHEESE HEAD SCRE'rl 
SLOTTED CHEESE H EAO SCRE\'1 
CUP, BINDING 
HEX.SOCKET S<:T SCREW W. CUI' 
TRANSMtTT!R BOX 
NUT 

I'O!N't 

Pl\GE 1 
ORAh'l.NG : 
ORDERNO. < 

:1 
20H.JJ~ 
T 07300/01 

PARTNO. QUAl/T ITY 

T002'006354 J., 0 
T002<)10151 1,0 
rooJoonzo 1 ,0 
T003002 1 18 1,0 
T002D14174 1,0 
T0 020 141.75 l, 0 
too;N1Dt4S 1,0 
r:oo20toH·4 1,0 
1'002010651 1, 0 
1'002010652 1,0 
1'0020i0142. 1,0 
1'002006116 1, 0 
1'002014176 1,o 
~'0010018}) 1,0 
1:'0020101 40 1 ,0 
'1'002010148 1 '0 
'1'002010146 1,0 
W007032004 1,0 
1'1007001412 :L, 0 
1'()03000632 1,0 
M7120JOJ72 2,0 
1'001032500 180,0 MM 
T00201301 g ?.8.0 
l'.00201J020 1,0 
!:001032499 2,0 
1-1"111001326 ~.o 
M7 1 204513 6 •• 0 
TOO.l.03651 6 2. 0 
W0073S5085 3,0 
1'17].2030372 1,0 
M712031424 4,.0 
1'00l036516 J,O 
M712084066 8,0 
1'00201015< l.,o 
T00l044147 4,0 

tiOTES - IT.i:M IIUM.B~S fl/0'1' LISTED HAVE NOT BEEN USED IN THIS INS'l'AJ.L. 
- THE QUANTITI ES A.~D PAI\'1'1'/U.~l$ERS SHOWN ON 'l'AE PM'I'S LTST 

ARE BP.Lif:VE!D TO BE: CORREC'l', 7'1/E QUAN1'H'IES SHOifN 011 'l'HE 
DRM¥ING ARE FOR TL~USTRATION ONLY 



~Ei3 LIPS 

Tl'l'LE 
TYPE 
LIST 

AZIMUTH FE£0BAO~ UNIT 
ASSEMB~Y NR.TODJD0249~ 
T07J010024 

ITEMJ<O. N A M E 

3 6 Cl>JlliE GLJUlD 
37 HEAVY T~PE CVL, SPRING DOWEL 
38 POTENTIOMETER 
39 POTENTIOI'l'£'r~R 
40 HEAVY TYPE CYJ... SPRING DOWEL 
41. KEAVY TYPE CYL. SPRHIG DOWEL 
42 RETAINING RING FOR SHAFT 
43 CABLE GLAND 
H NUT 
45 PLAIN WASHER 
46 BLIND PLUG 
41 TYPE SRHLD 
48 STRAlGii'l' GROOVEP PTN 
49 BUSHING,COLLAR 
50 BRACKET 
51 PAR'!' NO'!' APPLICABLt 
52 PART NOT APPL!CABLE 
53 PART NOT APPLICABLE 
54 PART NOT APPLICABLE 
55 PART NOT APPLiCABLE 
56 PART NOT APPLICABLE 
59V GEAR WHEEL 
60 GEAR WHEEL 
61 GEAR WHEEL 
62 MARKING, NUMllER 
63 MARKIWG , NVMBER 
64 ~1:NG,NUMBER 
65 CLAMPING RING 
6 6 PLAlN WASiiER 
68 REARrNG,SLIOE 
70 t!EX . SOCKET HEAD CAP SCREW 
71 DOBO RET/liNING RING 

~AGB 

DRAWING : 
DRDERNO.: 

••••••• 

2 
2014339 
T07300/0l 

PARTNO. QUI\NTITY 

T00103~878 
M718600124 
W006912289 
'1'0030028 07 
M7U500l28 
M?l8S00124 
M71 6100160 
T001033978 
TOOl044147 
M7l6oooo23 
W008997038 
1'0030005 13 
WD.01~80262 
T0 01071968 
ro 0300211.9 
1'00?999998 
T0029~9998 
TOD2999998 
T002999996 
'1002999998 
70029 99998 
TOQ2006116 
'1'002006116 
T002006l.:l6 
1£004013256 
T0020l3256 
T002.01J257 
'1'002014177 
W001960005 
T0020i0156 
M712040072 
1171~601023 

4,0 
1,0 
1.,0 
1,0 
1,0 
1,0 
1,0 
3,0 
3,0 
1,0 
4,0 
1 '0 
4, 0 
2 , 0 
2,0 
1, 0 
1,0 
1 ,0 
1,0 
1, 0 
l' 0 
1, 0 
1,0 
1,0 
1,0 
1 ,0 
1,0 
1,0 
1 ,0 
1,0 
4 ,0 
4' 0 

NOTES : - ITEM NUMBERS NOT LISTED #AVE NOT BEEN USED IN '!'HIS INST~. 
- THE OUl!>V',I'ITII'JS AND P:AR'l'N!J!IIJERS SH~'IN ON 'I'HB PARTS LIST 

ARE 8£L1E.'VED TO BE CORRECT, T/IE QUANTITIES SHOWN ON THl!! 
DRAW~G ARE FOR ILLUSTRATION ONLY 

B N 0 0 Y ~ ! S T 
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rJt:] LIPS 

TITLE 
TYPE 
LIST 

: TRANSMITTER FOONOAT~ON 
ASSEMBL~ NR. T0020139S2 
T073010035 

ITI!MNO. N A M E 

1 GEAR WHEEL 
2 BUSH 
9 SHAFT 
4 COVER 
s CLAMPING RlNG 
6 PIN,SPI\CRR 
7 FLEXIBLE CO~PLING 

10 PLAIN WASHl!R 
H SELF LOCKING li!X. NUT WITH NVT,,ON 
12 HEAvY TYPE en,. SPRING DOWBL 
13 SEAMLESS D- RING SEAL 
J.4 SEALING. RING 
15 HEXAGON SCREW 
'lG V-RING 
18 HEAVY TYPE CYL. SPRING DOWEL 
19 REX. SOCKET HEAD CAP SCREW 

PIIGI!l : 
DRAWING : 
OJ<OERNO.: 

•••••• • 

l 
2010530 
T07300/01 

P/'.RTNO. QUAN'j'ITY 

.T002005870 1,0 
T002010204 1 ,0 
T002010203 1,0 
T002013981 1,0 
T00201021 4 1,0 
T0020 10215 4,0 
T002010961 1,0 
W007375.037 1,0 

INS M7U0500 36 1,0 
117185 003 7 6 1,0 
W007031005 1,0 
T001.00 ~109 1,0 
11713000374 6,0 
M73 0030020 1,0 
M118500232 2,0 
1'1:712045180 4' 0 

NOTES : - ITSI'I NUI'IBJ::RS NOT LISTED IJAVE NO'/' BEEN USED IN ~'HIS INSTALL. 
- THE OUAN'l'ITHJS AND PARTNU,'fBEflS SHOWN ON Tlf'E: PARTS LIST 

ARE BELI£VED TO BE QORRECT, THE QUA.VTITIES SHafN ON THE 
DRAl'fiNG ARE FOR 1LLUSTRATION O!ILY 

E N D o F t. I 8 T 
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LIPS THRUSTERS DRUNEN B.V. 
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CHAPTER 2.5 

JNTERMEDIATE SHAFf 
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t3t'I3 LIPS •••••• 

UPS THRUSTERS DRUNENU.V. 

L.1 Il!TElllfEI)ll\TB Sl!l\[1' 

Tho inter~ediate •h~t is mountod between tho upper gea~box 
sho!t and the lower gearbox. It takes care ot t"e po~or 
tranamission from the upper qoarbox to tho lower gearbox. 

on the top side coMected to ~h• vertica 1 shai t of the upper 
qearbox and on tho lower side connected to th• vertical input 
shatt lowor gearbox . 

• 
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~t:j LIPS •••••• • 

TITLE 
TY1>B 
LIST 

lTeMNO. 

1 
2 
3 
4 

INTERMEDI ... Tt SIIAFT 
ASSEMBLY tiR.TOOl004050 
1'073010022 

NAMf 

LOCICING WASK!R 
HEX. SOCKtT lfUD CAP 
SLIIEVE 
Dl'l'ERIIllDIM'£ SIIAPT 

SCREW 

PAGB 
DRAWING 

. . 1 
: 3004049 

T07JOO/Ol ORDERNO.: 

l'ARTNO. Qll ... NTTTY 

T002017113 1,0 
!!7120•0280 8,0 
T00201.:1169 2,0 
1'003004048 1,0 

NOTES - ITEM NDMSZRS NOT LISTED HAVEl NOT BEEN U.9li/D IN THIS INSTALL, 
- THE QUAN'1'1'1'1ES MD PARTNUHBERS SHOWN ON THE! PAJ':TS LIST 

ARE BELIEVED 2'0 BE CORRECT, THE QUANTITIES 5HOiffl ON THE 
DRAWING ARE FOR ILLUSTRATION ONLY 

B ~ D 0 P L X 8 T 
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LIPS THRUSTERS DRUNEN B.V. 

CHAPTER 2.6 

SHANK ASSEMBLY 



Bt:1 LIPS •••••• • 

LIPS THRUSTERS DRUNEN B.V. 

2.5 SHANK assEMBLY 

The sh<1nk connects the steering pipe wi·th tho, propeller 
qearbox. 
It is a GGG 40 cast- construction in which tho connection is 
made- between the propoll er gea1:box input shaf·t and thG 
vertical intermediate shaft. 
The space is filled ~lth oil which is circulated through tha 
propeller 9aarbox. 
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~m LIPS 

TITLE 
TYPE 
LIS'!' 

Sl!MIK ASSEMBLY 
: ASSEMBLY NR. T002(r13!i~3 
: '1'073010014 

JTEMNO. N 1. M E 

1 SIIANR 
3 1"liBE,OlL 

' 130LT ,SHOULO£R 6 
7 STUD . SCREW LENGTH 1, 25 0 
8 HEXAGON NOT 
SA LOCKI.NG WUU!: 
9 HEXAGON SCREW 

10 0-RING 
ll 0 - R!NG 
12 0-RING 
13 DISC 
Hfl CONllECTING i>i.J\TE 
1511 HEXAGON SCREW 
16N PLlllN WI\S!IRR 
17N Ji£XAGON SCREI' 
18 BUSK 
19 COVER 

PAGE 1 
DRAWING : 
ORDERNO.: 

•••••• 

1 
1017991 
T07300/01 

PARTJIO. QUANTITY 

T0020q411 1,0 
TOOU179J.9 1,0 
'1'001016091. 22,0 
W00726S03 4 30,0 
woo1210l32 JO, 0 
W007550008 3 1 1 MT 
M71~000526 1,0 
1'100?035628 1,0 
W007001297 2,0 
R00?0011a6 1,0 
Tootonq7s 1,0 
ft002011140 2 ,0 
M7130007 38 4,0 
!1716000050 20,0 
M71J000636 4 , 0 
'1'002 0 15668 4 , 0 
T002051911 1,0 

MOTES : - ITEM /lUMBERS IIOT T,ISTED HAVE NOT BEEN USEp IN THIS INSTALL . 
- 'T"HE QUAIITITTES AIID PAR1'NUMB£RS Sl(Oiflf Cllf 7'HE PhRTS LIST 

A.RB BEf.rBVED TO BE CORRECT, Tl!£ QUAN~.'lT lES 5/IOI</N ON 7'/IE 
DRAWING ARE F'OR TC.LUSTRATION ONLY 

2 N D 0 P' L r B T 
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LIPS THRUSTERS DRUNEN B. V . 

• 

CHAPTER 2.7 

LOWER GEARBOX 



~g3 LIPS •••••• • 

UJ>STTIRUSf ERS DRUNEN B.V. 

2. 7 I.OireR GeJ\~lllZJ 

The lover gearbox is a htgb capacity, slnqle-ai:aqe <>ngla drive 
In a stiea~1ined coa!n'f. 
~'he pl n ton shaft - po ntJ nq vort leal upwards • l.o dr~von by 
tha intcrmedlato ehart, which transmits tha power from th• 
-uppar ;oar box . 
The bevel goars •~• dosigned with cyclo- pa11oid teeth, eaao­
bardoned and subsequently carbt~v-milled accardlnq to the HPC 
procua. 
Pinion and pinion abaft a~e ana-p1ece (Und>VldOd). 
The crown qe~r is bolted to the forged on tlanqa of the 
propeller shaft. 
ThO lOOQ- carrying ont1-frictlon bearing~ arn CAlOUlated far ~n 
cxtcndnd service life. 
The applianca of a •ub-asse~blad pinion sbn(t beAring 
•~anQ~nt, impravea the adju•tlbility and facilitates 
1lOUDtin<J. 
To avoid detlnctton due to the radial. COiiiJlonent of the tooth 
load, tbn pinion ia :ouppo.rted in IJPherlcal rolla< be.>.ringa at 
batll sidu. 
Axi1l fox•ces- due to the axial componQnt of tho toot:h l.oad, 
j~st aa ~dditionol toraos trom tho inte~edi!tO shaft, ~ce 
absorbod by t wo sQU·a1igtLing thrust bearings. 
Tho propal~~r shett ~s generously dosigned to onsure the 
absence of detloction under lwd and is supporte:.d in t\Oo 
sphcrlc;>l rolle~ bouinqs. The thrust loads ar" absorb<>il ty 
tvo 8elt-atiqninq ~hrust be4ringa. 
Yhe Hpropelle r slOG" bearing taka• c3r~ of the andwise 
dioplace~ant due to temperat~re 1n~luences. 
Di•poo~ of ol~ ia ovoidod by tha prop~ller qhatt seal . ~e~ 
chapter 2.7.~ for additiona l intormot i on. 
Tllo propeller is keyless taper t1tted on th& propeller sbatt. 
far dotailed propell•r inf oroetlon sec: chapter 2.s .i. 
For propeller asaellbly sae: chapter 2. B. 

~~rlcotiop o! tbo ggt1ve ~s 
sae chop~er S for e desor1Pt:Qn ana cl1~g~am ot the lubr!ca~lon 
oil sycte10. 
As the qoarbox is eanst3ntly tu l ly fi l led ~lth oil, a l l motive 
parta ~ra running &ubmcrged In oil. 
The oil rroo <ho headtr tank po•aeG through the ateering 
coluan to tile- lowe gearbox and ia returned by • restricted 
oll Guction line which reaches down to tne ~toa of the 
gearbo~ where ic picks up the oil. tn ~his ~•Y a lo~ 
airoula~ion is reaLi~cd which ~ake& the oil ia eontinuoualy 
ceCro:>shad. 
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TITLE 
TYPE 
LIST 

ITEMNO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
17 
18 
19 
20 
21 
22 
23 
24 
25 
27 
30 
31 
33 
34 
35 
36 
38 
39 
40 
41 
42 
43 
44 

NOTES 

LOWER GEARBOX ASSEMBLY 
ASSEMBLY NR.T002016918 
T073000011 

N A M E 

POD 
BEARING COVER 
BEARING HOUSING 
PLATE, CLAMPING 
COVER 
BEARING COVER 
COVER 
BEARING HOUSING 
METAL AND RUB_BER SEAL RING (BONDED 
HEXAGON HEAD SCREW PLUG 
GEAR SET FOR POD 
BUSH 
SHAFT,PROPELLER,COMPLETE 
PART NOT APPLICABLE 
PART NOT APPLICABLE 
HEXAGON CASTLE NUT 
RING,BLOCKING 
BUSH 
DISTANCE RING 
RING IN TWO PIECES 
DISTANCE RING 
RING 
DOWEL 
LINE,OIL 
HEX. SOCKET SET SCREW W.CUP POINT 
SHIM 
PIN 
SPRING 
SPRING 
PIN 
SPHERICAL ROLLER BEARING, DOUBLE ROW 
SPHERICAL ROLLER BEARING,DOUBLE ROW 
SPHERICAL ROLLER THRUST BEARING 
SPHERICAL ROLLER THRUST BEARING 
SPHERICAL ROLLER BEARING,DOUBLE ROW 

PAGE 1 
DRAWING 2013539 
ORDERNO.: T07300/01 

PARTNO. QUANTITY 

T003002416 1,0 
T003002419 1,0 
T001011266 1,0 
T002013576 1,0 
T002013415 1,0 
T002013577 1,0 
T002051645 1,0 
T001011270 1,0 
W006580044 1,0 
W006552115 1,0 
T002016951 1,0 
T002014638 1,0 
T001011264 1,0 
T002999998 1,0 
T002999998 1,0 
T002051359 1,0 
T002012557 1,0 
T002012552 1,0 
T002013583 1,0 
T001011300 1,0 
T002013486 1,0 
T001011187 1,0 
T001016068 1,0 
T001016098 1,0 
M712085276 2,0 
T001017976 1,0 
T001017984 3,0 
T002004954 12,0 
T001003859 12,0 
T002012950 1,0 
W006210918 1,0 
W006210908 1,0 
W006260041 1,0 
W006260025 2,0 
W006210906 2,0 

- 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 



~t:3 LIPS ••••••• 

TITLE 
TYPE 
LIST 

ITEMNO. 

45 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 

NOTES 

LOWER GEARBOX ASSEMBLY 
ASSEMBLY NR.T002016918 
T073000011 

N A M E 

SPHERICAL ROLLER THRUST BEARING 
CORD RING WITH VULCANIZED JOINT 
0-RING 
0-RING 
0-RING 
SEAMLESS 0-RING SEAL 
SEAMLESS 0-RING SEAL 
0-RING 
CORD RING WITH VULCANIZED JOINT 
RETAINING RING FOR SHAFT 
METAL AND RUBBER SEAL RING (BONDED 
HEXAGON BOLT 
PIPE CLAMP 
PLAIN WASHER 
PLAIN WASHER 
HEX. SOCKET HEAD CAP SCREW 
HEXAGON BOLT 
HEXAGON SCREW 
HEX. SOCKET HEAD CAP SCREW 
HARDENED CYL. PIN 
HEXAGON SCREW 
HEXAGON BOLT 
HEXAGON BOLT 
HEXAGON BOLT 
HEX.SOCKET SET SCREW W.CUP POINT 
HEX. SOCKET HEAD CAP SCREW 
COVER, FAIRING 
HEXAGON SOCKET SCREW PLUG 
PROPELLER SHAFT SEALING 
HEX. SOCKET HEAD CAP SCREW 
HEXAGON HEAD SCREW PLUG 
LOCKING WIRE 

PAGE 2 
DRAWING 2013539 
ORDERNO.: T07300/0l 

PARTNO. 

W006260024 
W007001397 
W007001384 
W007000433 
W007001218 
W007000028 
W007031011 
W007030700 
W007001385 
M718700442 
M735000230 
M713005588 
T002006886 
M716000439 
W007375034 
M712045592 
W007110144 
W007100387 
W007281104 
W007580265 
W007100386 
M713005647 
W007110155 
M713005587 
M712085374 
M712040332 
T002000166 
W006564104 
T002016973 
M712045438 
W006564110 
W007550008 

QUANTITY 

1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 

12,0 
1,0 

12,0 
20,0 
20,0 
30,0 
12,0 
12,0 
6,0 
8,0 
8,0 
2,0 

12,0 
4,0 
4,0 
1,0 
4,0 
1,0 

16,0 
1,0 
3,8 MT 

- 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 

E N D 0 F L I S T 
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TITLE 
TYPE 
LIST 

ITEMNO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
17 
18 
19 
20 
21 
22 
23 
24 
25 
27 
30 
31 
33 
34 
35 
36 
38 
39 
40 
41 
42 
43 
44 

NOTES 

LOWER GEARBOX ASSEMBLY 
ASSEMBLY NR.T002016961 
T073010019 

N A M E 

POD 
BEARING COVER 
BEARING HOUSING 
PLATE, CLAMPING 
COVER 
BEARING COVER 
COVER 
BEARING HOUSING 
METAL AND RUBBER SEAL RING (BONDED 
HEXAGON HEAD SCREW PLUG 
GEAR SET FOR POD 
BUSH 
SHAFT,PROPELLER,COMPLETE 
PART NOT APPLICABLE 
PART NOT APPLICABLE 
HEXAGON CASTLE NUT 
RING,BLOCKING 
BUSH 
DISTANCE RING 
RING IN TWO PIECES 
DISTANCE RING 
RING 
DOWEL 
LINE,OIL 
HEX.SOCKET SET SCREW W.CUP POINT 
SHIM 
PIN 
SPRING 
SPRING 
PIN 
SPHERICAL ROLLER BEARING, DOUBLE ROW 
SPHERICAL ROLLER BEARING,DOUBLE ROW 
SPHERICAL ROLLER THRUST BEARING 
SPHERICAL ROLLER THRUST BEARING 
SPHERICAL ROLLER BEARING, DOUBLE ROW 

PAGE 1 
DRAWING 2013539 
ORDERNO.: T07300/01 

PARTNO. QUANTITY 

T003002416 1,0 
T003002419 1,0 
T001011266 1,0 
T002013576 1,0 
T002013415 1,0 
T002013577 1,0 
T002051645 1,0 
T001011270 1,0 
W006580044 1,0 
W006552115 1,0 
T002016956 1,0 
T002014638 1,0 
T001011264 1,0 
T002999998 1,0 
T002999998 10,0 
T002051359 1,0 
T002012557 1,0 
T002012552 1,0 
T002013583 1,0 
T001011300 1,0 
T002013486 1,0 
T001011187 1,0 
T001016068 1,0 
T001016098 1,0 
M712085276 2,0 
T001017976 1,0 
T001017984 3,0 
T002004954 12,0 
T001003859 12,0 
T002012950 1,0 
W006210918 1,0 
W006210908 1,0 
W006260041 1,0 
W006260025 2,0 
W006210906 2,0 

- 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 
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TITLE 
TYPE 
LIST 

ITEMNO. 

45 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 

NOTES 

LOWER GEARBOX ASSEMBLY 
ASSEMBLY NR.T002016961 
T073010019 

NAME 

SPHERICAL ROLLER THRUST BEARING 
CORD RING WITH VULCANIZED JOINT 
0-RING 
0-RING 
0-RING 
SEAMLESS 0-RING SEAL 
SEAMLESS 0-RING SEAL 
0-RING 
CORD RING WITH VULCANIZED JOINT 
RETAINING RING FOR SHAFT 
METAL AND RUBBER SEAL RING (BONDED 
HEXAGON BOLT 
PIPE CLAMP 
PLAIN WASHER 
PLAIN WASHER 
HEX. SOCKET HEAD CAP SCREW 
HEXAGON BOLT 
HEXAGON SCREW 
HEX. SOCKET HEAD CAP SCREW 
HARDENED CYL. PIN 
HEXAGON SCREW 
HEXAGON BOLT 
HEXAGON BOLT 
HEXAGON BOLT 
HEX.SOCKET SET SCREW W.CUP POINT 
HEX. SOCKET HEAD CAP SCREW 
COVER, FAIRING 
HEXAGON SOCKET SCREW PLUG 
PROPELLER SHAFT SEALING 
HEX. SOCKET HEAD CAP SCREW 
HEXAGON HEAD SCREW PLUG 
LOCKING WIRE 

PAGE 2 
DRAWING 2013539 
ORDERNO.: T07300/0l 

PARTNO. 

W006260024 
W007001397 
W007001384 
W007000433 
W007001218 
W007000028 
W007031011 
W007030700 
W007001385 
M718700442 
M735000230 
M713005588 
T002006886 
M716000439 
W007375034 
M7 12045592 
W007110144 
W007100387 
W007281104 
W007580265 
W007100386 
M713005647 
W007110155 
M713005587 
M712085374 
M712040332 
T002000166 
W006564104 
T002016973 
M712045438 
W006564110 
W007550008 

QUANTITY 

1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 
1,0 

12,0 
1,0 

12,0 
20,0 
20,0 
30,0 
12,0 
12,0 
6,0 
8,0 
8,0 
2,0 

12,0 
4,0 
4,0 
1,0 
4,0 
1,0 

16,0 
1,0 
3,8 MT 

- 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 

E N D 0 F L I S T 



-· 
wtiZJGtNGENJOmiA.It iiNGIH . 

tmo. M~D OU. 'Mt Z.JGING DANK PAMAf 

1 &! '3'1 / Bd /l{)ti 1 ~ . 

'2. ~ool.7/9t, ~~ oq tc It" 

-

~ 
I 

I 
: 

L/ 

CJ 
,. - c 

~---C2_ .. 

I' 
·-· : .. 

I 
; 

I I -
~////'/'/f //'/IT/~ I 

I 

Tiif3oOt.197 745 
2016919 7012 
2001357 890 -• /D. NR. Length • C -

-.J 
• 

~ 
1 _.,... 

~ - -- ........... - ..... --... .... 
I .... - - oc.c. ..... -I .... u .. --- r I I I 
! ..,...... t . s ........ -.. ....... .,.. •::- I --"""lil"'•• a 

! --.... .._ KEEVEN 19770115 -- .... I 

""' 
11J;cut~ 

.-..... .. ,_ -· 
l 

GICOHT1IOU.IAO""' :::==- OeH ,, .. -- T= I J 
.,.._ ....... ...._ .. _ 

I - SPOffN ··1:NBAU: Types 25oo-151o-tsoz-tooo I . • • kea · ss·v CP~FP 

i ----=- -- ; '"- .' ·:...'"'*4~/~t'"-~~:. ... :: · -.. 
~T /dBrtlflf 

I 2001357(!{i> 
~ 

:fl!EE T~~u~·r~R~~~ . A2 . . . ... 
-



HEE LIPS 

TITLE 
TYPE 
LIST 

FIN 
ASSEMBLY NR.T002016919 
T073010016 

ITEMNO. N A M E 

1 FIN 
2 HEXAGON SCREW 

•••••• 

PAGE 1 
DRAWING 2001357 
ORDERNO.: T07300/0l 

PARTNO. 

T002016865 
W007100413 

QUANTITY 

1,0 
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 

E N D 0 F L I S T 
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CHAPTER 2.7.1 

PROPELLER SHAFT SEAL 
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0 

LIPS THRUSTERS DRUNEN B.V. 

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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LIPS-THRUSTERS 

ORDCRNR THRUSTCR NR. 

'ri04ZJ4/ J5 PX 0438 

DETAIL D 'r/044-#J/ 42 TOlJ94/ 95 

'ri0460Z/ 05 T07208/ J2 

V04705/ 06 T072ZJ/ 22 ,,. 
V048Z8/ 35 T07264/lJ 

'r/04836/37 T07Z62/ 63 

( REPLACES PREVIOUS ISSUE I 
2 2 [' :_, :. '1993 

VIE'vl A 

HASS APPROX. I 68 kg 

NOTC FOR SHIPYARD 

1. CASING PARTS TREAT AGAINST CORROSION 
2. CLAHPS (6> TO B£ TAKEN A'riAY AFTER 

lNSTALLA TION 

'k/007090364 
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lroternal!onal M;wne Sea1onq S /Sterns 
~t:j LIPS 

PARTS LIST 

AFT SEAl ASSEMBLY 

TYPE 
DRAWING NR. 
REVISION 

:330 MKlM 
: W007090364 A3 

:D 

--------------- ----------------------------·----------------------------
NR/ SPARE/ 

IT NAME MATERIAL UNIT UNIT DIMENSIONS/REMARKS 

-----------·---- --------------------- - ----- ----··-- --------------····--·--------
1 Uner Chrome steel 

2 Casing flange GG 30 

3 Intermediate ring GG 30 
4 Support ring GG 30 
5 Cover (in 2/2) GG 30 

6 Clamp St.8.8/SS 41 4 

7 Seal ring Viton 2 with spring 

8 Hex. head bolt St.8 .8/SS 41 4 M8 X 16 
9 Socket head screw X 5 CrNi 18 1 0/SUS 304 12 M12 X 90 

10 
11 
12 Spring washer X 5 CrNi 18 1 0/SUS 304 12 for M12 
13 Seal ring Viton 1 with coated spring 
14 Plug X 5 CrNi 1 8 1 0/SUS 304 6 BSP 1 /8• 

15 
16 
17 Hex. head bolt X 5 CrNi 18 1 0/SUS 304 12 M16 X 40 

18 Hex. head bolt X 5 CrNi 18 1 0/SUS 304 12 M12 x 35 
19 0-ring Nitrile rubber 1 1.0. 297 X 12 

20 Washer Copper 6 
21 Locking wire X 5 CrNi 18 1 0/SUS 304 1 1 Dia.1 6m 
22 Sheet packing Non-asbestos 
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 St.8.8/SS 41 1 

31 Hex. head bolt St.8.8/SS 41 5 M16 x 25 
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LIPS THRUSTERS DRUNEN B.V. 

CHAPTER 2.8 

PROPELLER ASSEMBLY 
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LIPS THRUSTERS DRUNEN B.V. 

2.8 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. 

Successive mounting actions: 
- Check the propeller shaft seal for correct mounting and make 

sure that the liner seal (o-ring) is placed in position. 
Perform mounting p·rocedure 2006192. · 
Fasten propeller shaft liner to the propeller hub. 
Mount the split fairing. 

, 
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TITLE 
TYPE 
LIST 

ITEMNO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

NOTES 

PROPELLER ASSEMBLY 
ASSEMBLY NR.T001017990 
T073010013 

N AM E 

CAP 
DISC 
GLAND 
SEE ORDER PARTS LIST 
PACKING,LABYRINTH 
COVER,FAIRING,IN TWO 
PART NOT APPLICABLE 

PIECES 

HEX.SOCKET SET SCREW W.CUP POINT 
CORD RING WITH VULCANIZED JOINT 
HEXAGON SCREW 
HEXAGON BOLT 
HEXAGON SCREW 
HEXAGON BOLT 
PART ON OTHER PARTS LIST 
PLAIN WASHER 
0-RING 
PLAIN WASHER 

PAGE 1 
DRAWING 1017990 
ORDERNO.: T07300/01 

PARTNO. QUANTITY 

T001011294 1,0 
T001016043 1,0 
T001016055 1,0 
T002999985 1,0 
T001016069 1,0 
T001016094 1,0 
T002999998 1,0 
M712085374 2,0 
W007000575 1,0 
W007100391 8,0 
W007110143 12,0 
W007100387 12,0 
M713005638 8,0 
T002999990 3,0 
W007375026 12,0 
W007000909 1,0 
M716000436 8,0 

- 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 

E N D 0 F L I S T 
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LIPS THRUSTERS DRUNEN B. V. 

KEYLESS PROPELLER MOUNTING 

...... ' 

rev.l994.02.15 
page: l 

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 oil 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. 



~E3 LIPS 

LIPS TimUSTERS DRUNEN B.V. ID.Nl: 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 mrn. 

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. 

16. 

Again the preload condition should be applied, whereafter 
the gauge is set again to zero. 

The starting point distance should be equal to 
the first fitting. The difference may vary by 
(+or-). {difference caused by setting of the 
Then push up as before. 

that for 
0,1 mm 
surfaces) . 

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 
of dial gauge, micrometer. 
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Form. nr 2006792-page 3 

LIPS THRUSTERS I Konische verbinding I Taper fit 

Datum: 
Date 

Order naam: 
Order name 

Volgnr: 
Sequence nr. 

Keur: 
Class 

lnstructie: 
Instruction 

Soort verbinding: 
Which connection 

Temp. naaf en as: 
Temp. hub & shaft 

bijbeh. opschuifweg: 
corresp. push-up 

hor./ vert. 

voordruk (bar} 
preload 

afstand tot huis (mml 
distance to housing 

verschil met vorige 
difference w. previous 

opschuifweg (mm} 
push up 

moer druk [bar] 
nut press. 

naaf druk (bar) 
hub press. 

-:afstand tot as (mm] 
distance to shaft 

Naam 

L 
Paraaf 

l TO order nr. 

Type Thruster: 

Bouwnr.: 
Building nr. 

Schroefnr.: 
Propeller nr. 

2006192/2007337 Op-pers tek.: 
brons staaJ Mounting drw. 

<. 

leventueel vooraf invullen J 
!aileen ter plekke invullen J 

gebruikte persmoer: 
oc hy-nutused 

bijbeh. voordruk: 
mm corresp. pre-load 

1 e montage 2e montage 

LTD Class 

bar 

3e montage 

' 

form 2006192 p.3 
= 2009909 
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LIPS THRUSTERS/KEYLESS calc.date S:/D42 95.08.16 jj 

KEYLESS PROPELLER FIT 

job identification: 
refer to drawing 1016061 

~ DIMENSIONS = 
hub dia front ................ . 
hub dia middle .•.........••... 
hub dla rear .............•.•.. 
shaft dia, front ............. . 
shaft central bore .........••• 
bearing length ......•..•.•.... 
taper ratio .•..........•....•. 

= MATERIALS = 
Young's modulus hub ....•...... 
ditto shaft ...............•.•. 
Poisson ratio hub ..•...•..•••. 
ditto shaft ...• ............... 
yield point hub ........•...... 
ditto shaft ...•...•........... 
linear exp. coeff. hub ......•. 
ditto shaft ........... .... •... 

= LOADS = 
power .•.......... ........... · · 
input speed • . .. .. ..•........ .. 
gear ratio ..............•..... 
torsionals ....... .. .........•. 
total thrust ................. . 
propeller part ..............•• 

= FITTING = 
service friction coeff .•...••• 
assist. prop. mass ........... . 
hydr. nut ....•.•....... SKF HMV 
press. area nut .............. . 
dry/oil mounting 0/1 ......... . 

= REQUIRED PERFORMANCE = 
torque safety value .......••.• 
stress safety value .......••.• 
max. temperature .............• 
min. temperature ............. . 

RESULTS 

T07300/0l AGOR NOAA 

815 
666.500 
518 
300 

0 
655 

25 

121 
206 

0.330 
0.300 

245 
500 

1.6000E-05 
1.1800E-05 

2206 
900 

5.0769 
25 

251 
1 

0.130 

mm 
mm 
mm 
mm 
mm 
mm 

kN/mm2 
kN/mm2 

N/mm2 
N/mm2 

kW 
rpm 

\ 
kN 

0 kg 
45 A 

152 cm2 
1 

2.800 
1.400 

35 
0 

at max. temp. 
at min . temp. 
Centigrade 
Centigrade 

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 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
design pull-up 9.60 9.45 9.30 9.15 9.00 8.85 8.70 8.55 
pull-up tolerance= +/- .5 
******************************************************************************* 
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 

final nut press. at 20 c appr 1001 bar, injection press. appr 960 +/- 45 bar 
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TITLE 
TYPE 
LIST 

ITEMNO. 

1 
2 
3 
4 
5 
6 

NOTES 

TOOL 
ASSEMBLY NR.1016061 
T073010018 

N A M E 

HYDRAULIC NUT 
GLAND 
STUD 
PART NOT APPLICABLE 
PLAIN WASHER 
PART ON OTHER PARTS LIST 

PAGE 1 
DRAWING 1016061 
ORDERNO.: T07300/01 

PARTNO. QUANTITY 

W007250330 1,0 
T001016057 1,0 
T003000538 8,0 
T002999998 1,0 
W007375031 8,0 
T002999990 1,0 

- 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 

E N D 0 p L I S T 
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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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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 
TYPE 
LIST 

PROPELLER,SHIP,FIXED 

W009953205 

PAGE 1 
DRAWING 
ORDERNO.: T07300/01 

ITEMNO. N A M E PARTNO. QUANTITY 

1 
2 
3 
4 

NOTES 

PROPELLER,SHIP ,FIXED 
PROPELLER,SHIP,FIXED 
HEXAGON SOCKET SCREW PLUG 
COPPER SEALING RING 

W009953 103 
W009953104 
W006564007 
M731000290 

1,0 
1,0 
3,0 
3 ,0 

- 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 

E N D 0 F L I S T 
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LIPS THRUSTERS DRUNEN B.V 

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 
TYPE 
LIST 

ANODE 
ASSEMBLY NR.T002016967 
T073010017 

ITEMNO. N A M E 

1 ZINC ANODE 
2 BAR,FLAT,BRIGHT 
3 ZINC ANODE 

••••••• 

PAGE 1 
DRAWING 2016967 
ORDERNO.: T07300/01 

PARTNO. 

W008997015 
M301012586 
W008996883 

QUANTITY 

7,0 
1500,0 MM 

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 

E N 0 0 F L I 8 T 
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CHAPTER 3 

WELL-BOX 

• • • • • • I 
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TITLE 
TYPE 
LIST 

WELL BOX 
ASSEMBLY NR.T003001818 
T073010080 

ITEMNO. N A M E 

1 WELL BOX 
2 WELL BOX 
3 HEXAGON SCREW 

••••••• 

PAGE : 1 
DRAWING 3001818 
ORDERNO.: T07300/01 

PARTNO. 

T002017106 
T002017110 
W007100466 

QUANTITY 

1,0 
1,0 

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 

E N D 0 F L I S T 
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CHAPTER 3.1 

ADJUSTABLE THRUST BLOCKS 

I 

'· 

• • • • • • 
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TITLE 
TYPE 
LIST 

ITEMNO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

NOTES 

ASSEMBLY THRUST BLOCK 

T073010083 

N A M E 

BUSH, PROTECTING 
SPLIT PIN 
HEXAGON NUT 
WASHER 
CUP SPRING 
PIPE 
HEXAGON SCREW 
SINGLE COIL SPRING WASHER 
LOCKING WIRE 
THRUST BLOCK 
0-RING 

PAGE 1 
DRAWING 3003802 
ORDERNO.: T07300/01 

PARTNO . QUANTITY 

T003001701 8,0 
M717710382 8,0 
W007210123 16, 0 
T003001702 16,0 
W004020008 144,0 
T003002234 8 ,0 
M713000431 48,0 
M716100031 48 , 0 
W007550004 3,2 MT 
T003003803 1,0 
M730000144 8,0 

- 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 

E N D 0 F L I S T 
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INSTALLATION OF MOUNTING CAN WITH ADJUSTABLE THRUST BLOCKS 

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 
welJ.-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 i$ 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: 

1. Check whether the pads (mounted on the well box) are in the 
lowered position and secured by locking wires. 

2. 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 rom 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 

I 1 
1 I 1 016011~ 1 A. f£1\MONT t4 1201 

IIIEVI SION IIIIEV. IO ENTIRCATION II OIIJGINATOII 
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DATE 
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center member in pUch 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 

Sa. 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-be~ 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. 

Sa. 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 torque value 
(such as to obtain a surface pressure on the chockfast 
compound of 3.5 N/mm 3 .) 

lOa 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. 

Sb. 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 

I , I 10160/M A.FD\Mc»>T 141201 

I IIE'I/ISION II REV. IDOITlRCATlON I Of'UGlHATOII M DAft 
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6b. Weld the outer pads to the ship's well, using a stainless 
steel electrode (Aro~ta 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. 

Sb. Apply chockfast compound according to manufactures's 
instructions. 

9b. After curing, free the bolt holes in the ship's well flange 
and tighten bolts an9 nuts to the correct torque value 
(such as to obtain a surface pressure on the chockfast 
compound of 3.5 N/mrn 2 .) 

lOb 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 d i sc springs and mount the protectioncaps 
according drawing. 

llb 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 

I 10 150,.4 A.FOIMOHT .. 1201 
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f1a[B . SKETCH OF THRUST BLOCK 
·3003801 

Page 4-4 

C) --v 
well box /v wei/box 

-r---+- ~-~ •c L ____ ,__ - ~ ~\ 
10mm below 
=s1af1mg pomt MAX FIT IN 0.1Jmm 

~ FEELER GAUGE AT A or 8 

, 
IF OK£ TACK WELD OUTER THRUST 
PAD TO SHIPS WELL. 

'NB. Bearing area should be about 

50 Ofo of total bearing area.or as 

much as can be maximum achieved 

by accurate fit tin g . 

ltndtx :(i) 
t:~.~.: 
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HYDRAULIC STEERING SYSTEM 
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''-TRANS·HYDRO 
1>ynu:1cs ;, /ry(Jntflcs 

Pampusla.an (2-46, Poslt!Ot 1 17 

1380 AC W~. Nectler\ards 
Teoephooe (3 1) 2940- 1 5133 
T eletax (3 I) 2940-19396 

HYDRAULIC-DETAIL-DESIGN-SPECIFICATION 

RELEASE : 01 -02-1991 

CHANGED : 01-03-1992 

SUPERSEDES REL: 

TN 24.006E 

PAGE 1 OF 11 

GENERAL OPERATING AND MAINTENANCE fNSTRUCTfONS 

General 

Troublelree operabon ol any machine 01 s-y$· 

tern r ~as slflC::t adherenoa 10 1he opet 1009 
and m&Jnlenanoe ansll'\ldiOriS supplied by lhe 
manutaeturer ol the eQUipment HydracAe 
systems can vary Widely tn de~n and , as a 
component pa11 of latger mac:hlnes or S"Y$· 

tems are coveted by a Wide range ol operating 
lOS ITVdlons 

Commlslonlng 

Commcss'otv09 ol a new system 01 

r&c:OmrTliS$1001"9 ot a11 elOSll"9 

system 

I<Jihough geoera.J opet a ling and rN~~ntenance 
nslr\lcoons lor sud"! hydraulic systems PI~ 
de a~ guide~ correct Pf~as for 
OOilYI'liSSIOni and ma.ntenanol,lhey should 
always be supplemeoWd by speoaized n­
strualons rekwatlt ~ lhe pa11icu1af applica-

lnsJ*:Uon s.Nielng 

The ta$lc.s associated With 1he oommiSSIOtW'Ig 

rod malf'ltenance of hychulc sysuwns and 
8Cjl.llpment are ls l9d 1'1 lhe table below. 

Tr04JbleshooUng 

Ins :ana bon. fil11ng WTth "uld, bjee­

ding, bas>c adjuslment. rvnrong-tn 
Obsel'la llons, measurements , 
Test run 

Cleat'1109 and reolaoement of com­
ponents (0Uid change,~ Inserts, 

seals) 

Fault-ftnding requ~res clo$e and 
logiCal a ttenboo to de tai 

General lnstructioM lor worldng on hy· 
draulk: systems 

FOf reasons ol safety, no pope con~. · 

screw OOI'Vle<:IIOn$ Of c:cmponents should be 
loosened wnae the system is under prassu­
re.Aiwayslower any loads ~t. swrtchofllhe 
pump$ and deptessUtUe 1he acc:umuta~D~S. 

Nevet" WOflc With oily 1'\ands. 

Ex:lreme ~.-nllness IS essenlla.l when WQl· 

long on lhe system. Before releasng safiW 
oonned)onS, Clean 1t'l8 external sunoundlngs 
nt and OCJ'ol9l all openangs ncc lhe sysl8m 
With j)f'OieC:UVe caps and covers so lhat no 
dirt can enlef. Try not to use c:ct10n waste 
wnen deanlng oot ftUid resel'lon and al­
ways lillt'l8 system Wtltllknd ttvough a ftllat. 

When spray-painting or bNsh-~ntll\g 
1t'l8 eqUipment. ~With tv1rooelulos.e 
pa1t1ts, all llellible seals and beannqs, Pf\"'IS, 
etc. or tnCMng pans $h0uld be covered 

ln.stalllng plpewor1c 

When selecong ptpe. hoses and screw coo­
~. ansae ~t the pressure 
raong p.e. wallt1td<.nes.s, malat1al) 15 appro­
~te lot 1t'l8 app{~eaoon.. Usa oniy saamle:sS 
preczs100 s189111Jbe. 
Before It IS nstalled, lhe pipe must be clea­
ned to remove al dirt. scale, sand, swati. etc. 
Welded tube must be p~ and llusl'led. 
NeY9f use coa.on wasl8 IOf de.afW'9. 
lnslalllt'l8 PfPE15 c:areluly so 1hat they are 110( 

distorted 
The pipe c:or-• ~IS 4W'd ttvead de¢1S tn 
the ~ts and svbplates are SUitable 
lor all normal c:onnect.ots. The spo41ac:as on 
1he bodies have been saed 101 seaklg-e<lge 
connec:tOIS and lor soft.s.aj c:or-~ $ (not 
sutable IOf 0-ong saa1 OOMedOt'$). 

The ltv9ad must nQ( rNCil 10 lhe bottom of 
the hole Sealiog maten.als suct1 as hemp 
and compound are not petml~ because 
1hQy produce dirt W!lidl can lead to mal1unc­
Donsofehe~ 

Note: dam~ed pi~ and ho...s muet ~ 
replaced Immediately. 

Repa,r of d-amage by rernplac:o­

"*'' ol oomponwots 

Installing ~uipmenl 

When Installing equopmetl! It is assenclal to 
note !he cocrect mounting position, ambient 
temperature, opetaliog voltage, tiC. Fra. 
dom rr om stress and c:llstortlon 111 ins lalla Dol'! 
15 necessary to PfliYent JaiM1 ing tn c:cn tro1 
valves and devicas: 1he mounting SUifac:as j 
must be propeny lla! and 1he lbdng bolts be 
19ill80edut'11bmUy~1he ~~ot I 
oque. 

A.ceumulaton 

AcalmuaiOB are pressure YIISS8Is ard are 
hafeiOfe subject to lt1e relevant sakMy ~ 
laoons lflloroa at lhe place oltnstalation. 

S.lor• any wonc Ia camed out on 
systems lneofponUng ac:e\lm~on 
(e.g. repairs, connection of pnosaure 
~. etc:) h Ia .ssenu.llo 
d•Pf-urlz•IIM system lint. 

No W9ldinq . .soldenng 01 br azng Of q other 
lond oC mecnaruc:al ~ may be earned out 
on 1he aocumulaiOI vas.sel. 
lmptoper repus can lead 10 s.erba ~ 
dents and tleretore M'fY repair ~ neoas· 
s:ll"f on hydraulic ac:cum\Jiatol$ shocAd al­
ways be enlr\IS!ed ~ Che local Tran:wiydro 
~latllle. 

I 

I 

I 
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GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS 

Commissioning 

Commes.sion.og i"'YooWs a nt.l1lbet ot pt'C)(»­

du'es wtiiCh shoo6d aJ reo&N9 a~~eful a!1111n­
tion: 

- 1nstallatSon Wid moYntlng ot sats and 
subassemblies. 

- Conn.ctJon ot hydr..Rc ~tuaton in the 
machine F\..tsh out long ppes and hoses. 

- s.ctr1ca1 wirlng lof dri'I'8S and control, 
alllw chedung the ~ raangs. 
Connect cooing wallllf rl neoes.sary. 
Check dlrecdon of rotam of pumps before 
staf11ng. 

- F1111ng th• fluid res«\''Or Wl1h the Pf~ 
bed. 01 olhelwisa suitable.IIUIC1. Using lhe 
OOtT~ IIUid, espeoaty one ot lhe propel' 

~. is essanllaJ lOt ~alree oper&­
tion of lhe sysDBm. Furtlar inAvdions are 

gNeO on ~· a .and t. 

Ensi.Jre absoluts daa.lioess. Clean lhe fillet 
sa- and cap on lhe s«lrage Y9ISS8I belora 
opetllng Chad< lhe lluld !8S8tYOir lor dirt 
and dean If neoassary 

Examine !he llotd lor lhe presanoa ot wallllt. 
»-ys leave lhe str;ww1n lhe tlllet and tn. 
elemeots lr'l bullt- lr'l Mel's ., position wtl8f1 
lilting !he sysl8m Wl1h hydraulic IUd. 

The Inherent oontamlnadon ot fle lluld with 
which the sysaam IS filled must not exoaed 
Ctass 10 to NAS 1638. ~181108 N. 
shown ltla! 8Y90 new t1ud can otlen exceed 
lhis value so, ., such casas, Jt wW be neces­
saty to use a Mer W1th a special lila. 
Do not II. beyond the tnalOmUm kN91 mat1<.. 

-~ ttM cocks In h suction llnM 

- Vllve ed)us1rMnt 
Initially adjust pressua con lrol valVes, flow 
c:ontrolva!V9s and thept~a regulaiOI's of 
'r.lna~ivery pumps to low satlings. 0.. 
recoonal vall.oes shcxAd be set k> the neulr.ll 
po61tion. 

- ""umulaton should be c:hafgad to the 
Pf91Salbed gas pressure; ,.. ~ l . 

·Start ttM dtlve mot« slowiy, lllectnc me> 
fO('S by rapid otVotf, IC engines at tickooler; 
c:hecl< the drectioo ot rotation. 

• Bl .. dlng ot the sysllllm at lhe adUalef lnes 
should be c:amed out at~ highest por11 
possible. Operate the dit'edion vatves and 
a xt&nd and renct !he adUatOts 58\l'lnl 
rimes. 
Increase lhe load sJooMy. Increase the sat· 
lings ot ptessure vaNe& and ragulatOts. 
The syst&m has been ptOp8f1y ~ when 
thefe Is no mOte loam ., lhe rasarvor, 
no )8tXY movements ot the adUatOts and no 
unusual noises. 

• CMck ttM fluid lewl and 1ep up ahar the 
bleeding, if neces.sary. 

• V~JX~mPe ~a 
prasswa regulaiDC are U6ualy pro41adad by 
an add'ltional pr&ss~Jre relet va~w. 
When maJOng the adjum'lents, &niSU'e '* 
the 1ft p<eSSUre ot the safacy vaMI is nu:h 
highet than that ot the l)(essure regU3tlf. 
P1-P2 + approx. 30 bat. 

Pt 

r-----~T t._ 
: "A ~ 

l 

I I 

• Uonltot ~ SINdy ... tat• op.rt~dng 
tem~IUN wtlen the madvne has bewill'l 
IIA operation lOt several hours. 

• FIMI'tWve ed)ustrMnt end ~of 
h!Meftlne 
aocordWlg t> lhe manufacuet's nslruc­
bons. lt is~ t) gMt general~ 
liOns lot lhcs. 

Adjuslmants are made at pt&ssufe control 
valves, l)(ess IJ(e s wt Idles, flow c:onll'ol val­
ves. pump regulatDrs, lime swttdles, n::. 

• Rep.lr any t.ab, usualy by simply 
rellgtltaning OOiwtedoB and bolts a!W a 
f8w hours of servloa. 

· a.an 01 I'IWl8W ttM 111tera. tt ts a fact t.t 
ITI0$1 c:ontaminam IS OJOect8d dumQ ... 
first few hours or S8tVIC8. 
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GENERAL OPERATING AND MAINTENANCE INSTRUCTfONS 

Inspection and Servicing 

Trans-Hydro hydraiAic equipment has been 
desogned bf a long. lrOUblefree service llfv. It 
requras vwy IUie maint&nano8 but nev&f1le. 
less It IS essential n order lD obtain lroutllelree 
operadoo, because pc-actic:alexperienoe has 
shown lhat up CD 81>% of faults and damage are 
due CD OO(lta1T11naeion. lack of seMOOg and 
Incorrect ctlOtCe of fluid. 
The scope ol and inl8fVals b91Ween 1nspec· 
1IOnS and seMCeS ate genetally laid down by 
the ma.nutaca.Jret otthe macnine n an appro­
prist& schedi.Jie. 
The most mportant potnts lot a hydfautic 
systetn are statad here and also summarized 
in the cable on page 4. 

Auld t.vel 

Continual chedung cs necassasy because. as 
the volvme of flutd 10 the system faAs below lhe 
mil'llmum marX. It can cause a rise n the 
ope~aeing temperaiiJre. aocumulatlon of un­
dissolVed aK and pomp failure due 10 c:avita­
oon. 

Auld tem~ture 

The operatif'lg t.ernpetaii.Jre depends on seve­
ral factors such as lhe mode of opetaoon. Che 
machine opera!ing cycle. arcutry, etc 
In ptac:IIOe !he 18mpetall.lres a~e oorrna1ty 
beiW&en 40 and 90"C. 
A maximum temperatu,. of 60"C Is recom­
mended lor m.neral oi-based lluds becao6e 
twgl'l8f tetnperaii.Jtas accelerate the ag4Wl9 ol 
!he fluid and shonan the lfe of seas and 
hoses. 
The lluld t&mpetaii.Jfe ln the raservoir most be 
~ OO()IInuoUsly. 
A gradual nse In t&mperaii.Jte is a possible 
1ndicatjoo of contamination or gumming, or ol 
weat at seals or metal components. arid should 
be tak8o as a Sign 110 examine aJ components 
wtwc:n m19ht be allec:::Uid. 
Sudden sharp inaeases 1n 18rnpera11Jfe are 
an atarm SigN~ and the1tysl8m shoolcl be shut 
down mmeo~ats'y lot ns~. 

Auld condition 

The agM-lg ot the llud depends on a runber 
of opera ling pao-amews such as t&mpera.Ue, 
pt9$$Un1, • humdity, dirty environments. 
ale. 
The~ of the ftuld. artd hence its 00(11).. 

nued usa~. can be judged from a~ 
111:SUal examW\a00t1. 

Changing tn.IMd 

The llutd is ftrsl changed lmledlal&ly an..,. 
ll'lltiai~. 
SI.Jbsequaot changes should be at inlletVala ~ 
iflp(OlOmat&ly 2000 lD 4000 hoonl if the ~ 
Is not analyzed regulatty 1n a laboratory. 
It IS assentlal . how8Y9f, lot the max1nun 
opetaang t&mpe.-ab.Ke not to exceed 70"C 
and lo4- IIIUw cl'lartgng to be c:anied out regu­
lat!y. 

'Oafj( Wl colour Product of oXldaoon CN&thealing, insufftc:ient ~ 
ctlangas (possi>le ingrass of 
oCher luid) 

Ingress ol water, e.g. coolant 

lngrass ot air, e g. due 10 lew 
fluid Of leal<y suction 

Wea~, dirt. age.ng 

·smeH of bumt oi Products ol ageing 

They must be charoged lo4- 1he ftrst time rnm&­
dlatllly alt8t lhe iWal comm:ssiooing. 
Subsequent c:han9as shoAd be at monthly CD 
ssx-monthly ntavals dependirlg Of'l Che opera­
ring oondilions. 

FIHMt with ~ lncficaton 

These ate rnorft)red continuously. 
Thect1ecklsmade daiywtlQO ~18m~ 
ratiJre has been 1'8actled. 
Dvring ~it Is possi:lle lor ¥1 alarm 
10 be g~Wn bec:ause !here IS $1111 a high flow 
r8SIStane8. 

These nnar tl8 M' whet! !lows'" and out oflhe 
1luid I9$8M)I' ... lawllluc1uat8s. 
The lrequlltq ~~andelemenlc:n-
9'09 or delnrlg depends on 1he CIOtlCfton ot 
1he enWO!Yn8nl 

In addition 10 the legal~. it is also nec:e&­

saty 10 morv1Dr !he gas chatg~ pressure; 
more frequent measurement duRlg the nn­
ntng-lt'l phase IS ~ recommended. 

The gas cnatging Pf81SSU'& can be measured 
With a I8Siing and ctlatglng dew::e. 

A simple 11815t with !he SUid Pf9SSU'9 gauge IS 
ao po&Sible. 
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GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS 

Inspection and Servicing 

AI j)(eS.SUfe control valVes, !low control va1-
Y9S, punp regulakli'S and signali'lg cleYices 
suc:h as Pf9SSUre swi~ limit switches, 
lhefmostates, etc. are adju$ted dumg the 
iMial commissloolng. 
l'"he settings must be monitored continuously 
during the !f1ltial stages ol opetations and ltien 
subsequendy at reasonable inlafVals. 

lnspeeUon and S«Viclna lntervab 

Fl'*i 

Fluid/air coo4eft 

~~must be cleaned regulaty at 
intervals ~ dl.g on !he amo~X~t of dirt 
collected from lhe sa-roundings. 

In lhls case 1t1e dearling Intervals depend on 
!he quality ollhe wal8f, !he ~&mperao.xe and 
the wa&r ltvoughpul 
Either nyloo bru:shes Of chemiCals shoold be 
employed lot dea/Wlg. 

1~ 
40h 

1 month 
160 h 

l..ewl _______ .. __ _ 

TemJ*aii.Ke • • • ·---·---· Condition (samples} .. • • • 
Changes 

~remaining alert and paying dose a~ 
o deCal it 1s po6Sible 1o de18c:t tauc'> n ....., 
VW'f eaf1y S1ages and so Pf&Yent them .-om 
dev91oping ll'liD IT101'8 serious mallJrdons. 
Ths IS patli<:utatty true do ring the eat1y S1a!}8S 
1M also remains 1rue ltiroughout the sav.ce 
Oe ollhe equipment 
A CXlnStant lookout should be kept tor: 
• ex1&mal leaks 
• ttrt 
· damage, especially to hoses and pepes 
• 1.1'1USualllOIS8S from pumps, moCOts, CX>IJ­

pings, mountings, etc . 
• proper furdiooing ot instruments. 

6 months 
1000 h 

1 year 
2000 h 

2y..,.. 
4000h 

-------------1---------------------------
FUten 
Cl'lang«'lg ot ftlters 

Without blod<age Indicators • - - • 
( MonltDting ol blockage 

indica lOts 

\ I -· 

Clean.ng ol bfeather fthets 

~=: .. ,o:-----~--- t----- ---- ~---- ----~----~----

Check gas pt8$$1.K8, 

c:hect( moooling • • • 
oCher ehed<.s according ID legal requwemeniS 

~==-=·~~, ... --1 --- -------------- ---------~----

llow control valves. punp ~ 
:egulators...:_s.gnallingcleYices---~. f----- --------- ----~--------­

Coofen 
Qeaning ftUidlaK coolers 

Cleaning lluld.ANatat coolers 

~------------------------------1----------
M~ciMc:b 

Extamalleaks 
Dirt 
Damage 

NOGes 

lnsii'UrneniS 

- - - • dllng Nnnng-in 
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GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS 

Trouble shooting 

Troubleshooelng is tl8 general heading 1:1: 

- Faut\-ftndlng 

I.e. tie j)lnf)Oinling ot damage 04' r,Wfuno. 
dons and a.soertaining tMW C81J$81S. 

- R~eallon 

r. e . r&pall' or replaaiment of defediVe com­
ponents _, ellmrnaiB !he pnmaty causes ol 
!he trouble . 

Hydreullc test« 

A portable hydl'aulic 19slriW enables measure­
ments ot Pf8SSUrti. now ral8 and temperalUfe 
in a s ysl8m !0 be tal<an. 
On request Tl'3n5-Hydro Wll SIJPply you wrtl'l 
f\JJ1her details. 

Rectlflc:atlon 

Most f)(oblems are dealt Wl1tl by 1he replace­
ment ot defectille oomponents on srta. 
The deteeove components are lhen geoeralty 
repa~red by the manufactlxer or 0118 ot his 
appl'oved agents. 
PTOVIded an encHJsal or lnstaAer 1\as sum­
a."~tknow-how and suitable equipment (such 
as test bendles) rt is .USO posstie lor him ID 
carry out the repairs himself. 

The apwe pen. la.ts and lnatrueUona 104' 
t..Ung and repair wtlldl are avaiable lor lhe 
vaf'loua i1ams ot eqUipi'Nnt prCMde viWal:lle 
assistanoe. 

Suc:oessl\i fault-llndlng ., hydl'aulc ~ 
ment n&eeSS~tates a detailed ~ ot 
lhe c::rJf'IA'Veton and mode ot opetadon oll'le 
rdYiduai c:omponents and the ICtal SyUim. 

It IS also greatly laolitated by an ability !0 read 
arcurt diagrams and 1\n:tiona.l diagrams and 
ID employ logiC. 

Circuit diagfams. tune•onal cfragrams af'od al 
ohlr doc:umentaQOO on !he sysiBm should 
ways be ~tely available. 

An adeqUate number or measunng po.nts and 
sutable nsln.lments are also a great help. 

PTobably !he most common source ol trouble 
Wllh hydraur~e systems are leaks. 
When !hey oocur at ptpe ~ ttley can 
oftan be recefied by smply religntsnlng. 
In !he case of leafc:s !rom urvts of equipment. 
how-, It might be necessaty 1D reofNI seals 
and gasqts (see spate pat'!s lsts). 

Onal !he rmmec:f~al8 damage has been repa~­
red It is essenoal ID ~ and elinllnal8 ttle 
prwnary causa of !he f)(oOiem. For examp4e, If 
equrpmenf has taied due to dirt in "e sysl&m, 
dlaoge lhe lluid. e llal'lll'l8 !he tilt9rs. etc. 

It is YfKY common 1'04' oontrol sys..-ns ot 
$tdonaty nstaaaDons _, be ol ttle elec:lrony­
dtdctype. 
The comblnatjon ot eleQrics wtlh hydraulc:s 
naualy makes tault-ftndlng rTlO(fl dlf1icultard 
needs good cooper-a don between elee~naarts 
and hydraules eng«l88(S. 
The srtuadon s par11cularly true in the ease ot 
ptopor1klnal control vaNes and !hiS is wny a 
Wide range of nlrvng (X)CJfSQS are otfeted 111 

lhes.8 speafte 18etln!ques. 

Fautt-Hndlng e~ 

There is no general reape lor suc::ces.s 1'1 taull­
~because of !he ex1ra-<l((iinarly diYeBa 
naue of 1t1e systems. 

Howlrler. !he lollowlng chal'ts Pf0111de a uselul 
pcll1l !rom which ID start 
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GENERAL OPERATING AND MAlNTENANCE INSTRUCTlONS 

Fluids 

Typee ot lluW 

The salistacb y 1unr;tk)c ling ,long lfe. reiabt­
ity and efllcienc:y ol hydraulic sysbems are 
affeded grealty by 1h9 ~ of 1he most 
sui1able type of lluid. 
Hydraulic cis. based oo minetal oils, are ltle 
most~ used ftUlds and lot moOile 
appllc:adons it is usual to use heavy duty 
engine oils lor the saX& ot type slandatdiza­
tloo. In addifoo lD !he hydraulic ois ltlefe ate 
a1so ftame-f8Sistant ftUids whidl some limes 
impose imitations on !he operalioo ol !he 
equipment 

T~ deslgN!Uon ot hydreullc oUs 

DIN 5152" ancl51525, CETOP gUdellnes lay 
down a syslllm ot code letters lot ITW18fal oi­
based hydraulic Oils. 
The coding system has not yet beeo tully 
~ as an ISO standatd. 

The code system ls as follows: 
H- Agein9-fesistant mineral oi wi1t1ocJt acldi­

t!Yes (ltlle 519rwfic:ar,ce) 
t.. Additives lor incleasng oon'osion protsc· 

tloo and/Or ageing properties 
P. Addi11ves lor t9duong W9al an<Vor irr 

aeasing load rating 
V- Additives L + P {ID CETOP) 
M- AddiM M and high-polymer agents lot 

imptoYng !he tsmperatufelvisc:o61tychar· 
acwlstics, &lQ)fessed by the V1 viscoslty­
index lD DIN 51654 (1D C€TOP) 

D- Det~Mgeot and dispergent additives (lor 
deanlng and anll-ag&lng and keeping lot­
ai9n matl8t in suspension) 

The most oonvnon c:ombinations ate: 
HL : lof ordinary applicadons at operating 

pressures < 200 bat 
HLP : !of syslams wrth pcstoo pumps and 

open~dng ptessures < 200 bat 

The viscosity of any ptessure ftuld, ~ad 
In h Sl urWt ol ~varies Wl1h l&mpefacu­,., 
A~ With a doYble logan1twric scale lot~ 
vtsc:osity uls w4l gNe $11"aighl-tne c:natac:t• 
rlslk:a tor dill9rent types of fluid. 
The grading of the tkJids accordi'lg 10 visc::osity 
is based on a reflerenc:e 18mpera1Ure of """c 
in tw case ofiSO.VG. e g. ISO VG "6 
means 46 ~ at """c. 
The~ graOe IS lhen added 10 the l'ype 
~.e.;. HLP "6. 

The ptincipal viscosity grades and noes on 
the opera lion of hydcaullcsys~ ate c:ootat­
ned r. !he diagram on page 9. 
The diagram enables the most appfopriala 
types of oel bO be sa laded lor spec:ffic:opera •ng 
1Bmperatures. 

Hydcauftc pumps and l'l'l01Drs 10 pattic:ular 
raquve an accurata vlsoosity ., order bO op&­

ral8 eNioeotty. 
If ltle viscosity is too high ~.e. hck) ltlere will 
be cavrtation pc-oblems, whereas rt it ls too low 
ltlefe nt be excessive leakage, overheating 
and !hare lore a h.K1hef dcop ., VlSOOSity. 
In the end the elfecM lmits of k.Jbndtywill be 
reached. 

Using engine oils 

For 1tla sake ol standardization rt ls Iraq uenrty 
the ptac:lice bO use engine oil in mobile hydrau­
ic syslBmS. 
Alltlougl'l sodl oils ate not sO'icty in IIBnded lot 
use as a hydraulic fluid, thEw use normaly 
presan ts no ptoblems. 
It is a<Msable, however, lD use ant( heavy 
dtJt.l ois and it is essential to select !he correct 
viSCOSity grade. 
The 18mpefab.Jra/VISCOSrty characl8nslk:s ate 
similat to ltlose ol hydcaulc ois. 

Engine VIscosity Hydraulic 
Oil at..OOC Oil 
SAEgrade ~ ISO-VG 
10 30-48 32 and "6 
20 40- 7<4 "6 and 68 
3) 74-1 tO approx. 100 

Using ;.at oils 

Geal oas can be used in exceptional cases, 
a1l8t priof dlscusslon wlltllhe rnarofacuw. 
ptovided ltley do not oon lain inf sulphurous 
substances. because 1hey can damage ltle 
seals and beamgs. 

~ oi-based hydraoic fluids are llammrit­
bla, so lof applcalions where there is a l'igl'l 
risl< of h (e.g. in mines, fol.l'ldrles, etc.) a 5 
necessary 10 use ftame..f8sistant fluid&. 
Cost and freedom from pollution a/8 ofw 
important reasons lor replacing rniner3l oi­
basad lluids Will ftulds oontamrog a high p«>­
portiOn of wallll'. 

The CETOP ooding system !of such lkJids Is 
as follows: 
A- Di-in walill' emulsion Wilt! a maxirrun 

flammable component ot 20%. 
Operating tamperanxes betwaeo t5 anS 
.55•c 

B-WaiSt~ emulsion Wl1tl a maJdmun 
flammable component of 60%. 
Operating lampefa!Ufas between +5 and 
•55"C (not used in Wast Germany) 

C-Aqueous polyrnef soMions containing at 
least 35% waeer. 
Operating 18mperan.Kas between -20 and 
+-60"C 

D- Non-aqoeos ftulds (e.g. phosphoric aad 
estat). 
Operating tamperanxes between -20 and 
+150"C. 

The viSCOSity grades are as lotows: 
Viscosity grade Vlscosl ty rnm-lls at 50"C 

HSt 1-1 ,5 
HS2 11-1<4 
~ ~ 

HSS 50-70 

Hence, a c:omplet9 code is, e.g. HS C" 

No•: 

Some pcoperties of ftam~Hesistant lk.ids an 
<XlOSideraDiy dlff&r9nt !rom those of nWlaral 
<*based hydraiAc lluids.. 
TNs means ltlaC. undaf' cen¥1 cifc:um&tan­
oes, Jt wil be necessaty lD reduce p8l1onnal r 
ce (speeds. pressure, etc..) and saMoll ltlwil 
beafteaed. 
~Wit'! the materials of 1he Sl88ls 
and bearings 5 especiaiy important • • 
adll!sable to CCinLSlAt 1he manutacaJrw. 
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GENERAL OPERATING AND MAINTENANCE INSTRUCTIONS 

Fluids 
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Filters 

By fat the lal'gcast numbet of premaii.Jre failu­
res in hydraulic sys18mS ate due to cootami­
nalied luld.. 
The taslt. of the nutd ftlt« is b keep lhe 
cootamlna!loo wiiNn limits, I.e. the size and 
oooceob'aoon of lhe dirt pat11des, 1n order co 
proiBCt the equipment from exoes.sNe wear 

o.g,... of contamtn.tlon end flttratlon 
rating 

The latest pracdoe n hydraulic equipment 
catalogues IS ID stalla the lolowwlg: 
1. PenT~~ tted oontamina lion das.s of fluid: 

Ctass 10 no NAS 1638 
Thus, rt pnrnarly deMes the atTlOOOt of fk.ttd 
cootam.nallon wt1ictt can be lole(ated by a 
syslllm ID aJow relial$ operallon. 
It IS also a vety mpottant fadDr n sealing 
guaranl88 disputes. 

2. AchleYed wrth lllllaf: 8
8

.75 
The staling ot lha fillaf ID be us.ed is ooky a 
recommenda.ljon. 

No •: The tVclng of lluid samples shoUd be In 
aooordanoe W!ltiiSO ~1 . 

O.ftnltlon of conlllmlnatlon 

The degree of oonlanWlalloo of a lluid Is 
defined by lhe size of the pal1ides and ltMMr 
c:onc«ltralion. 
The oounc iS 8\'aluallad acxxxdlng 1o different 
stanclafds; the Amencan standard NAS 1638 
specifies pcw1lcles becween 5 and 1 oo IJfTIIfl 
sae and IS the one most oonvnonly used in 
hydraulcs. 

8. 
• ..! 

ICXX> .., 
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Q. 

0 
0 

....... "'""..., _,...,~ "'' 
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Other standards 

- Contamination dasses 110 ISO") 4406 
(CETOP RP 70 H). 
This standard refers to 2 particle slzas 
>5 )1man>15)lm. 
Thus, ltie code comprises 21gures. 
Allhoogh this standard Is not yet In general 
usa it Is gtOWlng in importanca. 

- Contamination dasses 110 SAEf-ASTM. 

") 

This standard only CO'Iers very sight con­
tamination and is hardly liWI used in hy· 
dr.lufics. 

NAS • National American Standard 
SAE - Society of Automotive Engineers 
ASTM • Amenc:an Society lor Testing and 

Materials 
ISO - International Standards Organisa­

tion 

Contamination claas" and lltttatlon 
ratfngs for different hydrauDc syatema 
The following table is based on practic::al e~ 
rience ~ provides a gen8f111 pe 1o the 
type of ftltars to be employed In different 
hydraulle systems. 

Contamination class 

NAS ISO SAE ax -75 

6 15112 3 3 

7 1&13 • !5 

8 17/14 5 10 

9 18115 6 20 

10 191'16 - 25 

11 20117 . 25 .. 40 

12 21118 . 

Filtration rating 

Previous methods of deMing lillration rating, 
IUCh as absoMII, nominal 8f'd mean Y'Oid 
size, have been kuld t.o be wanting In ptae­
tice. 
Hardly any t11tet malarial can provide 
absolulil 100'r. retention rei&ITed t.o one par­
ticular partK;le size and lhls tact Is taken into 
account by the S.ta Value. 

The S.ta Valu. 

This Ia based on 1he multi-pass test 10 ISO 
4572.. 
It detenrines lhe retention of allltw ellpCIS8d 
IDa flow of oil with a specific contamlnallon. 
Thus: 
8,.·75 

T T __ Retention 75:1 
- Contamination particje m 

In 8 .,.m 
A retention of 75:1ls used In most delinabls 
al1rough oCher valves are parlect!y feasllle. 
RetentiOn can be expressed as a percencage 
by using ltie lormuta 

"". 100- ~ 
8 

e.g. B • 75 
100 

"Jf.. 100. - 98,66% 
75 

Rel8f1tion In this fCH"m OOI'f8SPOnds 10 fie 
previous expression: 
"absolute Ntration rating•. 

achieved wilt! 6118( Hydrau6c system 

Maatlal Type 

Inorganic, Deivwy ,_....._ 
Gerieralty ~. 

e.g. glaSS ftlt8r Cotnl val.. nt&ability. &er\'iollfe 
ftbte and control-lind 

l'qlOIIONI 
lfe (e.g. wl1h control 

Ratumot va.lv.s and propotto. 
deivwy 

_ __ntas_ 

Ml valves) 
organic lll1af ,.__...,_ iafp,.IIObw 

ncr.as. 8S .. -e.g. papet ....... greeot~ 
lafpc180bw dectNSes. 

Rallm, ..----
~ ... .,._lor 

IUC1ion ot .......,. .... 
:;:sa . .....,~ 



LIPS THRUSTERS 

Schmierstofttabelle · Table of lubricants · Tableau de lubrifiants · Table de lubrificantes 

ISO-Yiskosltatsklasse ISO viscosity class ISO-Ciasse de viscosite Clase d~ viscosidad ISO 

Thruster lub.oil system Thruster hydraulic 
and steering (and retraction) 

Pitch control sysfem open- systems 

~Agip AGIP BLASIA 150 oso 46 ( 32) 

• Atal Oegol BG 15 0 ARAL Vitam DE 46 ( 32) 
Atal Oegol BMB ARALVitam Hf46 

~ 
, 

BP Energol GA·XP 150 OSO) BP Energot HLP 46 ISO . 
( 31) . 

(c~ ! 
Castro! ALPHA SP 1 SO Hyspin A'WS 46 132 l i .., 

Hyspin A'WH 46 I 
Chtvron i 

~ 
Chevron, Non-Leaded Gear E P Hydraut i c oil 46 ( 32) Compound 1 50 

(§) SPARTAN EP 150 Nuto H46 132) 

~ 

e GIRAN 1S0 Hyd ran 46 ISO I 32 l 

~ Q8 Goya 150 0.8 Hadyn 46 I 321 

' 

M©bil Mobilgear 6 2 9 
~\~r" 

M obit OTE ISO 46 (32) 

~ Shell Ornata Oel 1 SO Te llus T 46 I T 32 l 

Shell 

~~C] Meropa 1SO Rando oil HO 46 ( 32) 

I l for machine room evtrons below 
10 degrees Celcius 

OL 1990 Form nr 3000092 SH 2 
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Flushing ot hydraulic systems number of pages: 4 

Introduction 
Flushing is a procedure which is vital 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 system. 

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 oil 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 oil 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 oil 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 oil 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 oil 
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. 

Contamination in service 
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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PAGE 1 
DRAWING 3004327 
ORDERNO . : T07300/0 l 

ITE.MNO . N A M E 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 
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