> MNe3eg<g9<"~6FT). ad " METHOD OF PROCESSI NG THE CONNECTI NG SURFACES
BETVEEN A MARI NE ENG NE FRAME AND THE ASSOCI ATED BEARI NG SUPPCRViay 2003 AN

- APPARATUS ANAM{@&'"W"‘W THOD AND APPA RATUS The ‘ifjventi on concerns a
met hod of pro illilionnect i ng surfaces b i ne engine frane
and the associ at eesoldgar i ng support) whi ch part m @T@m@@mpart lally
surround a crankshaft, said bearing support being to expose the
connecting surface of the engine frane and facing TBérds the bearing

support, EM_ET&KBID(NF\ SESSINGTHE OONMEECTHIE S HIRFACES SETWHEREN of the
met hod. During the use of narine endines pitting b erosi on og’curs 8n
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t he connecd®ines =¥
The resul thTt ' .
the two pa J T3 eSO 5 ereis a
ri sk that RAFWShaft and bearings, which the two parts surround) describe
asymet rical rotations) whereby there is a risk of bearing seizure. In
order for a crankshaft to function in an opti num nmanner) it is thus

i mpor t ant i@t 0&5}?&,.;\' i rqBcand the
beari ng su.‘;;potrl?\;éa@gﬁum ormggngwﬁ%??jt&gkgﬁnq’hﬂge orgl,aﬁ[l\é 'S |crargortant to
carry out hketweeoesmaripeoéngihe Smnmand the agsociataaicbkearing sopporbswiibhs pitting
is detected The kpown te i que invol ves, the renpyal .of the bear.ing support
o sel T andoATRBRY & RAANLTONA STHRKSTH SO ABPFBDSUBROM BB er ¢ hat
the two OpRAVed RPERRSSE the ﬁ‘e@ﬁﬁg stffacBfRthe }raméhﬁaa§+iﬁﬂby a
mechani cal nmethod. In that the engihe frame weighs up to severa undr ed
tons, sucHowand® thelbearing\stippes, gndalse @it apparatus/getting-upoaystept fosn of

time. It ig desirable. . therefore, to be able to develop a nmethod for the

pr ocessi nglﬁgfe’?eﬁgggnggmqu'surfaces Wi t hout the necessity of having to
renove the engi ne 12 May 2003 2 frame, and thus effect a processing of at

| east this free connecting surface, while the bearing support itself can be
processed PHMAg fag wse ofamadpe engines, @ RERG hy<IPsiPe QFaUrs rmiBerean-of t he

ki nd di scl i e and . ' [ d an
auxiliary ﬁ‘gﬂ‘é’ \é/‘br']'l?c s|Ds ex gnt |en§g%{ﬁ§ﬁ5&phrﬁfzcgme?8?%ﬂ§g%?’bﬁﬁg' ?:‘pgnkshaft,
Yv_hi ﬁh }s amguumfhbismiﬁ?gfwmﬁab&gsm this Ceﬁt\écfg'lg_ Mf?ma)tis ﬁha?trﬂgegﬁvot h: s

i ght from bei r el ,with a bgre in the engipe frane to being al ong
the cent r Pk OBratTR togaihes im e, ORlImumomABNAE Sty Nt 8t i il At
ri ght - angl r f vhich et ' ' engé;Fb kg of the
connect i ng&glrjﬂr(%%:ﬁ]eggg ﬁ%ﬁgﬁbwle f rgntg%:)%#%rbprgghg#' ?ﬁ?dgpem |@gﬂangl e
whi ch i s ai¢alrotatiomsofwherebpdbete inaofisk iof heatingi seizurs. dneorder fos aexpedi ent
that the ablishing of the auxiliary.lines can tak |, ace as
di scl osed %HE{;J‘%% S%B&Q"[ﬂ\ Ent%@'-{rﬂﬂgf'{‘ﬁ‘ﬁ%: '{ R u?h@}pé)reaﬁé@?t:tg‘ﬁ shed an
auxiliary qoravectingisuifates Heivees thideagineUrdme emdthetiearing suppopr areessed i n
a uniformmapner 1n relation to the crankshaft) so that no oblique grinding

of the surYRiQE apgmitheus play. FRereferg, & iadspertapltafarpeoyta PEResstiged and
coded in, Ad¢pl | r Copte essi ng of those
surfaces |?1“\%?%@Bﬁ?gﬁ%&%{%@%ﬁ:@%?J?(g%hg{ﬁ%sélglpggéggﬁgggf the surfaces is
preferably effected by nmeans of spark nmachining as disclosed in claiml,

where in nner of speaking the spark el ectrodes work in reverse, in that
t he el ect ?'Bﬁgikngw@ t@gbgig{upria\gﬁtlves thepremoval of the bearing support |tseFf and

thereafter the removal of the entire engine frame in order that the two op-

posing connecting surfaces can be processed, preferably by a mechanical
method. In that the engine frame weighs up to several hundred tons, such a
procedure involves great costs and a great consumption of time. It is desir-
able, therefore, to be able to develop a method for the processing of these
connecting surfaces without the necessity of having to remove the engine

-



-12 May 2003 2a bel ow and up towards the connecting surface at a given
frequency. The liquid which nust be used in order for the spapgyPaphi ni ng
-to take place is supplied through a hole drilled in the engine yrane
itself. This hole also serves for the nounting of an assenbly bolt for the
assenbly of the engine frane against the bearing support, but can now
expedi ently be used for the feeding through of the liquid. It is inportant

that the |igul i t e I . rf" i ch

ar ses duri T EngnEhis oG A tbesdng BRAP bt AP BifresiBlaurdld c2,
result in an_even and.snooth rface ,and so that sparks are not emtted in
the areas WHBNE 114,Pearing suppar fsslfCa hE PTocessedi A HOESI 19ANGTS. af 5o
expedient to effect the actual setting-up by neans of |asers as disclosed
inclaiml, in that the laser is set up in accordance with the centreline

of the crankgs; se [ B: ’ Le | for
Tateral sorTgemedy Robiible RS BTt KikboRaEsed Y e HREREPE

light parallel wth bore [n the ipe frane, sagid bare hein .

subst ant | al #§d atheredhereinplso esiablizhed aniavidbary ane Hhighds iedendings er r ed
to the el ectrodes by neans of a reference sensor fromthe auxiliary plane.
The ref er endlengdhe wentreling oé the cranksbaft; whichoisrsaitti by gyasenfapakie oiccur acy
of 0.002. In this way it is ensured that the auxiliary plane) which is

necessary fdiredting Hpacentrelote of thjstlight fkampbeing peralidiewittorar bote amdhe, i s
positioned correctly. As disclosed in clains 2 and 3, it is also expedient

for the spagigif@FRINE o beiNgealbMg the cantidifife of theraiKehall) sarChorel ingf t he
crankshaft, and that the spark el ectrodes are encapsulated in a vessel, in

the sense t%?ﬁ%%uﬁi%mcﬁy?i{gngaﬁggeafgi ftﬁé%r&ﬁkiﬂé‘ﬁ, eér@ﬁttﬁé’td'éﬂi i Qﬁ‘&;‘%p:dgky not

encapsul at e ere covers this’'su as this Is
disclosed in claim4, It is hereb nsur that.a flushi ng awa f, el enents
o these Barhliia o e ephaPainy Sufhcaiet té Bgie. ratfie badafY Atithd i G
takes place, such as this is disclosed in claim5. The jnvention al so
concerns anSR@sfigchanglesieh iga fivnalips: efithe posities of the auxiliary plane.

It is expedient that the actual establishing of the auxiliary lines can take

place as disclosed in DK 167,080.

It is thus important that there is established an auxiliary plane which
determines those surfaces which must be processed in a uniform manner in
relation to the crankshaft, so that no oblique grinding of the surfaces takes
place. When this auxiliary plane is registered and coded in, it is subsequently
possible to carry out a processing of those surfaces in which pitting has
occurred. This processing of the surfaces is preferably effected by means of
spark machining as disclosed in claim 1, where in a manner of speaking the

spark electrodes work in reverse, in that the electrodes are moved from



execution of the nethod, and where this conprises a base plate on which at
| east two spark el ectrode machines are placed, said spark ehgaiayedes
-machi nes bei ng nounted on a vertically-displaceable colum seated on the
base plate, and that the apparatus and setting-up system al so conpri ses
means for the positioning of the base gate. 12 May 2003 4 daim7

di scl oses an expedi ent encapsul ation of the spark electrodes in such a
manner that L.,/ I a ' el e ' e
processi ng. PEPLANG Y Galdilind SBhfiptthd sEitatl Mted Wiert HSdMnkilThe ong an
apparatus as_discl.osed i.n claim8 and 9. .The invention wll now be .
oxblaned | Tkt bt pReTY ORI Br ¢5° SRamFARNIING WA PIagS 2 shovs
an apparatus/setting-up systemfor use in the execution of the nethod

accor di ng t URMied; treugh ¢h hole grilled Jpcihe anginet framet iteslf ¢ Rhisuaeleaalsar i ne
engi ne conprising crankshaft, bearing shells, bearing cap and bearing
support andsemgs rier theamounting .of ainsagsemblipd ol for the dssembly ef thitei emgine t he
surroundi ng vessel filled with liquid. In fig. 2 is seen a marine engine
cut throughframet dgainstethedicuting @Jimt,imm cah.ndwh%xFée@ﬁﬂyw used forthei ses a
crankshaft 1, which is surrounded by bearing shells 21, and where said

kshaf t - |4 ' ek : i ded b
2 boaring hiosal o, MR BLIMERGEDATE ImBGHR inal e R 1R R e e

< secur ed gekie BN lec Bl MR e e Bl B R B
di sposed on_each si he crank shaft 1. In order for

e of t 12 May 2003
the beari ngthea@legirade pracessing cag resybBy anevep EHI; sgoth surface, and so

that sparks are not emitted in the areas where this must not take place.



tinned correctly at their.connecting surfaces S) a guide stud 5 for correct
assenbly is provided in the one connecting surface 8. At ri Q@Mag@@bgs to
-the centreline and parallel with the horizontal plane, a bolt nstruction
extends through the engine frame 18 and the bearing support 3 which ensures
the correct position between these partg. The centreline of the hole for

the bolt 96} ik agel hehell tbh&f %Eeﬁ%pﬁl\,ﬁ%ﬂbﬁfﬂ F)E/%%%H gfd |a§§&35'st“te

lines which span “anauxiliary plane be "explained 1nth

f ol | owi ng. en the connecfin ac iS to be processed to re that
the i t4 nodRRPERT an; Qatnah BF ¢l IHE Tases, Boehitah Becqpates dul) 1he
bearing support 3 is separated frontthe engi ne frame 18 by Ioosenlng t he
bolts 6 on e&feliedef dhe taiankshatl ek thathshbsgquent uaeel%@aadmgv sAppert 3 is
removed | eaving the engine frame 18 with associated el enents standing with
a free surflasersiforilaterli sattindnaippiin thatghisaangledaserhas i centtelirmiof dse of
the bearing support 3 will simlarly display erosion pitting) and this is

processed i fyHthraral Wih d@vre Hthe érging Yrdnaé esal@ befe bBmgesiiistentldligras 18
wi Il be processed by nmeans of the spark nachlnlng set-up, which wlt be

descri bed i ngﬁt%sdégén Eé’#fgran@ﬁaﬁhﬁﬂ@ Opléﬁé |§Pra¥'|9fentéaeto°trh%cééétr&?e§éyt he

free surface”is rtron of the auxiliary 14 is

et 1ol i ne TEAAAR F%%%E\%E%febaér fish &%L%Qﬁé%%ﬂ%ﬁ%bﬁ? TEREEHEE Shssr e

the free surface wl | roce .sed corre in relatj t he. crankshaft
ool Sorhi6 dit latirgpica 66 G0l Wb Aheagbussty oh 8 00RY. Ia0BE WAy ny. of
the free surface wll give rlse to an incorrect assenbly of t he bearing

housi ng) wi it Hssemsirgd ciiat thekawxiliaryaplang, sehighrie. nepessasy fakithe asparkl ane' s
14 base plate there are nounted two spark machi nes 10, which uppernost have
a spark el egiachihinglfo tslkeqlacaat the cbregot anglt, vepodsitioheéd comectdl. ati on to the
auxi liary plane 14 by means of displacenent elenents) e.g. In the form of

hydraul i ¢ OAsRIYEEEd ih Q&AL St RMalse ek?eatbﬁgfmﬁ@rspa%mauﬁmeé tgurface
20 of the spark electrode is the active surface fromwhich the spark

nagat fve i o SPE T RERERHTI, 8°Gne BHER é’&"?"”t@ SR RIATERIIMRLILENT oo a

negatlve inrelation to the free surtace ast |Jus

Dur i ng | 1s WEPHOaEn AT sRPRbE ] ot Yabet it I Bindh s 5 Belie Gt o « o

rails at a given frequen ) which will depend on the nature of the surface.
However, t heWdagesof thihe mdedfs ratarali) natrencapsHiatetht bythuherecther battid never
touches the free surface. is |nportant that the connecting surface is

flat and uncéwersthin sticieas 'ﬂh(S isralso disclostedt ineclaiged | his hereblyeentsaized thpthousi ng
does not suffer damage during operation of the engine. Since such an engi ne
frame 18 i savishiriteawgy ofpelemetty éonh thesed sedatemn s perfgmeed, s iwkgref wor k
i s hereby made possible in that the engine frane does not have to be

removed fr Ofﬁetétﬂué‘lréiﬂ)ﬁIWof)Fqiﬁtﬂ takds plBse, thﬁﬁt%tmgls%sélbﬁed lreQafn6f ace to be
effected, and in that is sufficient exclusively to renove the bearing

fﬁgfgtgreseaé?gr G néf“““'“u?‘”. Ger A ePPRER R EARGHE, st o ahelion 10
di d h K h
2 manner ¢ HareQ NG e bl 458 Hierd H@%‘éﬁmﬁe&sﬁ%E?%‘%g'a‘?e%%étyﬁ R

liquid, and that besi des the active 12 May 2003 7 surface is naturally
left free. IEASEVW ®Parlofelepisode sachifes| at@pplélseti,y s@thssrark oelectrgfe wal | s,
while the fourth side will consist of a rubberlike wall which allows a
certain di splasbinesrbeidg mogntetdeorup vertichlydisplaceale cobddmn lseatgrhok the

el ectrode. The liquid which is supplied to the spark electrode will be

suppl i ed cobaséytatal wnththat ghe tappahiatue ad ebtting-lieisysihemlsdeohpriseé in
fig. 2 is renmoved. Into this hole there is pressed a hose which opens out

in arose V\h{eféngfgllm(%’mmm%gpfr@(ba@ pl®e. The rose is disposed approx.
20-30 mMm from where th pens out. In this way, a pressure regul ation
of the liquid flowis achieved wth the upwards and downwards novenent of
the electrodes. A valve in the bottomof the vessel 12 ensures that the
liquid flows out again) so that a certain flow takes place. It is necessary
to ensure that the "swarf" which is renoved during the spark nachining
operation does not lie on top of the electrodes and thus give rise to
uncontrol |l ed sparks and herewi th an uneven processing of the free surface
on the engine frane. The liquid is re-circulated, but after it has been
filtered to ensure that the sludge particles have been renoved. The system
is envisaged prinarily for use for marine engines, in that due to the great
melght |t |s dlfflcult to get the sald surfaces processed Fbmever) the

oy o o



-surround a crankshaft, said bearing support being renoved to expose the
connecting surface of the engine frane and facing towards thgnaga0089
-support, characterized in that there is established an auxiliary plane
extending along the centreline of the crankshaft which is set-up by a | aser
capabl e of directing the centreline of gts light frombeing parallel wth a

b . th . _ i . ) t i haft,
ore in thecgigi 7edikhRYEs aﬂ %&gta&eﬂ& %’ﬁ@ahé@aﬁ@ﬁ‘ dréineN§park él@%*rﬁﬂé@iﬁ a

sai d bore being substanti right-ahgles to the crankshaft, and that

the positio t ihiary.plane i r. 1 i ni.ng

el ectrodes gﬁa{r@nﬁia'ﬁ#&awaglle&StDPgﬁﬁEedts\tI&)e{t?@ﬁ%i'%gg@(ﬁfigg\%rﬁ gﬁ@@ ghEhat t he
auxiliary plane is positioned for the spark machining to take place at a
speci fi ed aR§IG€SS!B8d that an in-situ spark machi ning of the connecting
surface of the engine frane is perfornmed at the specified angle which is a
function of the position of the auxiliary plane. 2. Method according to
claiml, char actar i zadin that one or nore spark nmachines are
pl aced on t Amaliyxthe mvgntdvraaso ednasms tiee kiseesfra nesthed eandi apapparatush t he
active surface of their spark el ectrodes opposite the connecting surface of

the engi ne g aosedlr dMith 84Bd P 3- Method according to claiml, c har a
ctari zadinthat all of the surfaces of the spark electrodes) with

t he exception of the active surface, are surrounded by a vessel in which a

suitable liquid is present. 4. Method according to claiml1l, c har act a

ri zadigtha of the i %he active surface
fne the

t the upper surfac i qui Qvers
of 't he' spar kP8I BLeTGL B RoE BroAxsleBisitifngiarg sl Wil Tefepencs 1o ey L 1)
zadinthat the ljquid is supplied to the place where the spark machi ni ng
i s perfornedraWiP8uYREE hol e in the engine frame and |ying above the spark
el ectrode's active surface. 6. Apparatus for the execution of the nmethod
accordingtoclaiml, char act ar i zadinthat this conprises a
base plate on which at |east two spark el ectrode machines are placed, said
spark el ectrode fgchi Rewdeinapparatiisfsbtting-up system for use in the execution
of the method according to the invention,
fig. 2 shows a part section through a marine engine comprising
crankshaft, bearing shells, bearing cap and bearing support
and engine frame,
fig. 3 shows the electrodes in relation to the surrounding vessel
filled with liquid.
In fig. 2 is seen a marine engine cut through in the area around a bearing 21.
The cross-section comprises a crankshaft 1, which is surrounded by bearing
shells 21, and where said crankshaft has a well-defined centreline 15. The
bearings are surrounded by a bearing housing comprising a bearing cap 4
and a bearing support 3. The whole of the construction is surrounded in turn

by an engine frame 18 which is secured to the bearing support 3 via

vertically-extending bolts 6 disposed on each side of the crank



-on a vertically-displaceabl e colum seated on said base plate, and in that
the apparatus and setting-up systemal so conprises neans for §h®&ay 2003
positioning of the of the base plate. 7. Apparatus according to claim®6, c
har actari zadinthat this conprises a liquid-tight container

whi ch surrounds the five surfaces of the spark el ectrode except that
surface fromwhich the sparks are emttged. 8. Use of a nethod according to
claiml1 for the processing of marine engines. 9. Use of an apparatus
according to claim6 for the processing of marine engines. .A

{S. Aaf . Aaf ' shaft 1ady ordanfortbs: beeging ¢capd fandthedearing syppert 3 to be posi-
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|81 U LA PR oL T et
U& ()- 10( 1Ké hdR{ forthd Bt §6( logethierRith hé Lentreline for the crankshaft, con-

stitute lines which span-an auxiliary plane 14, which will be explained in the
following.

When the connecting surface 8 is to be processed to secure that the pitting
which arises as a result of erosion can be processed, the bearing support 3
is separated from the enginé frame 18 by ldosening the bolts 6 on each
side of the crankcase. Thereafter, the bearing support 3 is removed leaving
the engine frame 18 with assoclated elements standing with a free surface
13 in which the pitting has occurred. The free surface of the bearing support
3 will similarly display erosion pitting, and this is processed in the normal
way.

The free surface 13 of the engine frame 18 will be processed by means of
the spark machining set-up, which will be described in the following.

The actual set-up for the processing of the free surface is seen in fig. 1. The
position of the auxiliary plane 14 is set by means of the crankshaft's centre-
line 15 and the transverse centreline 16 which spans an auxiliary plane,
whereby it is ensured that the free surface will be processed correctly in
relation to the crankshaft itself. This is important, because an incorrect an-
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gling of the free surface will give rise to an incorrect assembly of the bear-
ing housing, with subsequent risk of bearing seizure. On the auxiliary
plane’s 14 base plate there are mounted two spark machines 10, which
uppermost have a spark electrode 11 which can be displaced vertically in
relation to the auxiliary plane 14 by means of displacement elements, e.g.
in the form of hydraulic or pneumatic arrangements or an inching motor.

The upper surface 20 of the spark electrode is the active surface from
which the spark machining of the free surface takes place. This surface
constitutes a negative in relation to the free surface, and is at least just as
large as the extent of the free surface in order to ensure a uniform proc-
essing. During its work, the spark electrode will thus be moved up and
down on its rails at a given frequency, which will depend on the nature of
the surface. However, there is a movement of 0.3 mm, and such that the
electrode never touches the free surface.

It is important that the connecting surface is flat and uniform in order to en-
sure that the bearing in the bearing housing does not suffer damage during
operation of the engine. Since such an engine frame 18 is very heavy, up to
several hundred tons, a great saving of work is hereby made possible in
that the engine frame does not have to be removed from the area in order
for the processing of the free surface to be effected, and in that it is suffi-
cient exclusively to remove the bearing support 3, the weight of which, all
things being equal, is minimal and therefore easier to handle.

Fig. 3 shows the spark electrode in relation to a surrounding vessel 12. This
vessel surrounds the spark electrode in such a manner that the active sur-
face of the spark electrode is covered by liquid, and that besides the active
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surface is naturally left free. Three sides of the vessel will typically consist
of rigid walls, while the fourth side will consist of a rubber-like wall which
allows a certain displacement during the up an down movements of the
spark electrode. The liquid which is supplied to the spark electrade will be
supplied continuously through the hole which is left when the bolt 6 in fig. 2
is removed. Into this hole there Is pressed a hose which opens out in a rose
with a diameter of approx. 60 mm. The rose is disposed approx. 20-30 mm
from where the hole opens out. In this way, a pressure regulation of the
liquid flow is achieved with the upwards and downwards movement of the
electrodes. A valve in the bottom of the vessel 12 ensures that the liquid
flows out again, so that a certain flow takes place. It is necessary to ensure
that the “swarf" which is removed during the spark machining operation
does not lie on top of the electrodes and thus give rise to uncontrolled
sparks and herewith an uneven processing of the free surface on the en-
gine frame. The liquid is re-circulated, but after it has been filtered to ensure
that the sludge particles have been removed.

The system is envisaged primarily for use for marine engines, in that due to
the great weight it is difficult to get the said surfaces processed. However,
the system can aiso be used in other connections, e.g. aviation engines
and engines for heavy vehicles and the like.
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1. Method of processing the connecting surfaces between a marine engine
frame and the associated bearing support, which parts wholly or partially
surround a crankshaft, said bearing support being removed to expose the
connecting surface of the engine frame and facing towards the bearing support,
characterizedin

that there is established an auxiliary plane extending along the centreline
of the crankshaft which is set-up by a laser capable of directing the centreline of
its light from being parallel with a bore in the engine frame to being along the
centreline of the crankshaft, said bore being substantially at right-angles to the
crankshaft, and

that the position of the auxiliary plane is transferred to spark machining
electrodes by menas of an electronic two-coordinate gyro to ensure that the
auxiliary plane is positioned for the spark machining to take place at a specified
angle, and

that an in-situ spark machining of the connecting surface of the engine
frame is performed at the specified angle which is a function of the position of
the auxiliary plane.
2. Method according to claim 1, characterized in that one or more
spark machines are placed on the auxiliary plane, which spark machines are
disposed with the active surface of their spark electrodes opposite the

connecting surface of the engine frame.
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6. Apparatus for the execution of the method according to claim 1, chara
cterize din that this comprises a base plate on which at least two spark
electrode machines are placed, said spark electrode machines being mounted
on a vertically-displaceable column seated on said base plate, and in that the
apparatus and setting-up system also comprises means for the positioning of
the of the base plate.
7. Apparatus according to claim 6, c haracterizedin that this

comprises a liquid-tight container which surrounds the five surfaces of the spark

electrode except that surface from which the sparks are emitted.

8. Use of a method according to claim 1 for the processing of marine
engines.
9. Use of an apparatus according to claim 6 for the processing of marine

engines.



