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WD 2005/ 040564 PCT/ DK2004/ 000745 1 CENTRALI SED
LUBRI CATI ON OF LARGE DI ESEL ENG NES The present

w0 noosnuisen concerns a centralised |ubricati on BEDER04/000745

for lubricating the 5 cylindgr faces in large diese
engi nes, particularly marine engines, including at
| east one lubricating apparatus with a nunber of

CHRINRALIS R iﬁﬁlﬁfﬁ@ﬂi}&?e@&“y%ﬁﬁ% oM SEL

VENGINESai n shaft of the diesel engine.

Furthernore, the present invention concerns a nmet hod

for lubricating the cylinder faces in |arge diesel

€Tigd peSent fiAvention cdntgrmsmarcentealsed)ilwbeiatiom sysiemn rfgr hibricating the

L%Z%B@rglggqsl 1%8121{580 ésleg%qg%g% grbﬁﬁc'l @aaﬁe ;ﬁg?lg{ éreqlwang at least
C&{éﬂﬁ%caﬁﬁ%ﬁ#aﬁ“%h?@ﬂh% nRbYESE 1@6@{0%5@1@ HurSpsehaRa ¥y aths on a

the di esel engine.” 15 The
| mtatmga:bnmi shpf) avhachuss elsiven prefaratdy syaahadroysly egthothe ehagw shaft of
Tgtg |ts mounted in close association with their
|39%1n8yl i nders, and which are connected to a
supply reservoir for | ubricating oil and with oi
i njection nozzles at different positions on_the
c};“/mnthmmoret ithrel p@serﬁaoher@emoumms rriopthaé Jon lybrigeting the cylinder

i G RS D, B bl ) s

CRlBhEéﬂng afatus Wit aCrafibep bﬁ\tecﬁi}ﬁdc&th@ p.@ﬂips eEiYuatdﬁleby cams on a
rotation of the shaft, the cans .interact

hr
h@é&imgcﬂ@nif@ls%béﬁtwm@ wdriyen prederably aibfil%ofkﬂ é@ﬁuf%n shaft of

a [ oaded in direction towards the contro
sﬁ%ﬁ%ﬁd&aggﬁat by the rotation of the shaft, the
pistons will performreciprocating rmvemsnts for

t uat th t f th [ ti .25,
F ke gt ipechrptrapisgy i Fediga oo e as i BHBE B uptER n close
updELiafidie P?@eﬁl%ﬁ RBAc1iGORifdR) anliNFhichNge dA@hhet#dd to a supply

pressure e reciprocating punps did not have to
bﬁasmby fini Ighricatisig dleanidtwitts oi tramﬂ]@ndlotzﬁas attdnﬁ"ersnﬂ pqsélqn@ on the

be .injected in the cylinder retu

eV St achdrme BrErBHuas & PhiiS o KB atlf s tat
9%)1}3 §3H® Qan(;l@\’l’ﬁﬂﬁéatlgﬁ) pBRtOsR 4rB Qlriv s 69 acioRgndDfdfating control

st by the ignited conbustion. QOperation with

i sliafcwitbgams provided thereon. By the rotation of the shaft, the cams interact with
thrust heads on respective axially displacing pistons which are spring loaded in
direction towards the control shaft, so that by the rotation of the shaft, the pistons will

perform reciprocating movements for actuating the pistons of the reciprocating pumps.

For many years, lubricating apparatuses have operated under the operational condition
that the delivery pressure from the reciprocating pumps did not have to be very high,
since it is standard that the oil is to be injected in the cylinder during the upwards
return stroke of the engine piston, i.e. in the course of the compression, however
before the succeeding work stroke by the ignited combustion. Operation with injection

or pumping pressure in the magnitude of 10 bars has thus been current.
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or punping pressure in the magni tude of 10 bars has
t hus been current. WO 2005/ 040564 PCT/ DK2004/ 000745 2

WO ooseesM years, proposals have been made f or POBERK2@4/000745

the lubrication nore efficient, by injecting the oil
t hrough atom sing nozzles for “achieving an oil m st
| ubrication durin t he upwards noyenent

t he .
S yeaT DI Byt iy BiKg Gl g rpre gficient by
0
Q{g%%ﬁég i o thr é%h e[tox?lréﬂ}% rdg:glgg 'rfcggacﬁite Eg%ﬁtoﬁl%sf fﬁg{r:ié"%frim during
nhe mpWaﬂd@ﬁtohemy,ﬁtt efithe fiikten.cHetebylthes bidfis, hicsvester, sepplied at a far

t hrough a difect or i dlrect mechanical .coupli W th
S BARRRSIRAOE B8 LG A0 BB Som S DL S Plessures
RSS! RPod:Or RRF@b! 1 sh - power for punp actuation and

srmul taneously to achi eve synchroni sati on between the

10 engi ne crankshaft and the control shaft of the

u%% Z%fé%gga aé%{}go rﬂg@ QHX ﬁ%ﬂ.@ ?hrr%% 06f1nd1rec§ nfbchanical

r@apRhYGAH i RHIRAPBS theeoine, Wherddfiif bétdmed pyssible to establish
housing with an inlet for | ubrij cat i ng oi l

i peveerriod pame ashwtipoand @mlﬁf@@wadatapw%sw@t%wafﬂ%bew@en the
e L R

connected to a connector from whi ch connecti ng p| pes
emanate to the lubrication points on the associated
ehgPwEP oyl A o-selngludern Botriaped appargius Hsma*r?éﬂ’ymg a row of
R e e e o

P AIRuMERAEH Bhet L MR Y 0 BRSSOt an e
clabticafing bilifan intermbdinte seciontfor a@pnnﬂmdanngjs mstcm thit grbiudes into

crankshaft of the The,pistons are, s

s spieRBi el S Bh RS RE Pupdi e, The outlet i
PEeted ¢ 8 S TchRihdaehrt f?@rne%ﬁl'éﬁ MBnRQEhE ifbes§ @hardft to the lubrication
assocl ated actuation cam The set Screws may be

opéntst @othe @ssodtesh amginiernylindetj &g.doainumber eii @ ogﬂa

strokes of the pistons and thereby the associ ated

yi el ds of the individual reciprocating punps. 25 Wth

e PREQAMNE @J:tu@t@&' HJ)ﬂ MOssidg @I msard of i laﬂﬂuht&iri @ihsl/lﬁcltéil%rms on a
possibilities of the user for controlling

| th@egh-going Icmtr%irﬂhﬁﬁfvdmlsW@m@rﬁygégonqmm wgh Tasrcrahishaft of the
IS t. t
ey s B Pt DU Gel R e achtfof bR Rl sorew i

r olviddd, detihnig ﬂﬁcmwméabosiiﬁicbn/@& f10 rasstohﬁtdduhntlhaiimhi @m. The set

apparatus w Il di sappear.
screws may be operated for determmmg individual operational strokes of the pistons

and thereby the associated yields of the individual reciprocating pumps.

With the mechanical coupling, there is a limitation in the possibilities of the user for
controlling the injectidn time only for synchronised lubrication which is timed
according to the rotation of the crankshaft. Furthermore, in the future it may be

considered realistic that mechanical drives for the lubrication apparatus will disappear.

In some operational situations, it will be desirable to establish a non-synchronised
cylinder lubrication, i.e. a cylinder lubrication which is not dependent on the rotational
and angular position of the crankshaft. This is e.g. the case with pre-lubricating the

cylinders, where the user has the possibility of interfering by providing a cylinder
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In sone operational situations, it will be desirable
to establish a non-synchronised cylinder |ubrication,

WO 2@5/080564/1 i nder | ubrication which is not depePdEDK2@4/000745

the rotational and angul ar po§ition of the

crankshaft. This is e.g. the case with pre-lubricating

the  cylinders, where the user has the possibility of

i o patign bjorsstasting the gme, and therghy byleroe sytaligmselihe crankshaft
AGL/ dselp 4[@9@%751%‘[1% éa?@ FdrCRELBEn P& 0BG FWddieh Whi6re an error
engi ne, and thereby berore the rotation of the

cigmid sérarf taushasdsdirnt efitheTériging sevalutions lak acagiealf tme, e.g. when
overrul in%_a o-cal l ed sl omdown where an error signal
CRANQEHYSWE IR AR of the engine revol utions at a

critical tinme, e.g. when nmanoeuvring in a harbour. 5

It is the purpose of the present invention to indicate

alt sy tteegmrpore of thepleseht wnentitryto indicats apsystsinising atmaethod whereby it
est abli.sh .the, cyljnder J.ubri.cation i.n such a t.hat
RSt syl GRSy Gt 47 JRER, B By 8 wser may
CHltioHABY cstaBlibie Ak ihretisedRylindsy Tdbritafios ¥@bll @k 866ksynchronised
cylinder lubrication in operational situations where

desdindey lubsivatipn in oppratienat giteatiops wiherel despadpiddt isrpagticularly the
this ma i t US| I ol 3
B G e s e S
sthaldiedenenidige hntbihie @ahtird1Ghaip pethalubkicatorappafang. t o t he

present invention, this is achieved with a centralised

| ubrication systemthat is peculiar in including: 15
hEfding R e SRIBRCHFE I, Big e agitanSith eGB! tubrication
nostae tifat dnpecotist niincludihgt he engi ne piston and for
generating digital, or. electric _signals. ipdicating

t h@%@%’é}ogﬁﬁf’gﬁ‘%@ed W’éh é%ig?ﬂflg Hﬁ’l ‘%n“ﬁ]lss@ﬂﬁa s adapt ed

f Ofy b RE BhrVddshtihB %Rgé(ﬂ dtredt{cRl FGhdvement SPHSItARMDLIME Edbine piston
is connected wth and controls the AC notor for

r sgufoatgenerating digitelaor edectidd sigieds indivating thespasaagtersand

t hereb he actuatign of .the reciprogati unps.. 1. Th 1
ot RO ear R e SOl o tertvitn e S Rla R Bl et which is
- cdtRcfedNWitR lang hirols Thél MICY BidtdRo\cegilitiaf ithe rod@iodCsfl tA8 control
of speed, direction of novenent and position of engine

pshafioand thereby threadtention @f the rgeipiocatinggpuotsect ri ¢ si gnal s
i ndicating these paranmeters are generat ed;

The method according to the invention is peculiar in that:

- the control shaft is driven by AC motor;

- detection of speed, direction of movement and position of engine piston is
performed;

- digital or electric signals indicating these parameters are generated;

- the digital/electric signals are transmitted to a control unit which is connected with
and controls the AC motor for regulating the rotation of the control shaft and thereby

the actuation of the reciprocating pumps.

It may be said that the system according to the invention is based on servo-control
based on a digital/electronic reference signal that indicates the speed, direction and
position of the piston, for in that way to lubricate at the right time in the piston cycle

and which is used for controlling the AC motor/servomotor. This motor is used for
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- the digital/electric signals are transmtted to a
control unit which is connected with and controls the

wWeesoiss4 f or regul ating the rotati on of the cPEI/DER004/000745

shaft and thereby the actuati?n of the reciprocating
punps. 30 It may be said that the systemaccording to
the_ invention_ is based on.servo-control

} based on a
dirgingihe senitol shaft of thedpbricalingjagpatatug fo thaf HbricaiiEapppratus and
. o g . . _
SHERya FASCENO ISR okt B indily v
ayairel ofitiet euhirohumis Cedid] fray beqetfoohdd dapendieg ACwhat is wanted in
not.or/ servonotot. This %ntor i S .use

f ) :
SR DEHOR AT DB eredS B FrdeeHRmies fygpetween the
SH&hishef dend dbiiiot §ﬁeirff] Ao ﬁﬁ&gts%e%%dgh% fuH lﬁé}jn%;l%bhglﬂsly.

apparatus and main shaft may be brought to run tine
(synchronously or asynchronously) via the control of

| it | _may.h f d_dependi
B B e oo KGR 5 RSP G, ey BRSH o from
M FoRE SvHibe reﬁ%ﬂ'né RRnpHneAS tthee e péreadtedd MTHEESIBRINERNY thus be

the 5 main shaft and the control shaft, these may al so

teenprategh from different parymidnetingswalthe dieyd gegigg-ng t he

function of the invention, it is secondary where the
signals cone from and from whi ch engi ne conponents

t heyrdihg geneprif@ted Ehdodingngl the nByteirhuscdsding genide aiheehtion is
fromdifferent parts/functions on the diesel engine.
E?QNﬁgdﬁHing to a preferred enbodi ment, the system

SCEAEE00 Bk erh AT ma B Bl Ul SR oty
cindicatdithe pokiyion iofi tHieonaie shife amgbthiteby also thet prositivaiof thspaston;

and t hereb | so the positi of .the piston; .15 -

SEVEMY TR eéeé‘flgﬁll&f ston 03?5]%9 ’ie.feﬁ‘?ffcs ?“elaﬂ% apdt or e nce
NEARSiheABShtrol tddtis (BN &AM With aH@irdcelves SRAME HoRd sisbhmeans and
and receives signals fromsensor nmeans and includes

neelndess oneatst &t deteetingg abgarppesitiorons awellvak | angular speed for the
angul ar speed f the. reference ans_.and thereby for

CRETSe T B SN RCop A BT De AT ERNY 10 a

preferred enbodi nent, the nethod according to the

invention is peculiar in - that the digital/electric

sheppadingaie aepreitsrads paodignonbf e apethodragenydingi iohthgriavention is
peculiar in
- that the digital/electric signals are established by reference means which are
connected with the main shaft and which directly or indirectly indicate the position of
the main shaft and thereby also the position of the piston, and sensor means that detect
the position of the reference means; and
- that the control unit is connected with and receives signals from sensor means and
includes means for detecting angular position as well as angular speed for the

reference means and thereby for the main shaft/engine piston.

From the AC motor/lubricating apparatus a reference signal is returned to the control
unit/servo-control. The reference signals are compared with a reference signal from
the main shaft or from a sensor detecting the position of the piston, and possible
adjustment of the speed of the AC motor is performed automatically if necessary to

achieve the desired timed lubrication of the cylinder. For controlling the servo-control,
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connected wth the main shaft and which directly or
indirectly indicate the position of the main shaft

war@shisseby al so the position of the piston, BOTDK2004/000745

sensor neans that detect 25 tshe position of the
reference neans; and - that the control unit is

conpnected w.th. and,receiv I S : sor.
AREIchCHERUE THaHNer B SRUEP D Mol For e SRErBCAlE the AC
%ﬁbdor@?orﬁﬂﬁﬂ% afpasReeste il tb beusedef er ence means and

thereby for the main shaft/engine piston. 30 Fromthe

AC notor/lubricating apparatus a reference signal is
returned to t.he, cant.r . UNj -1C ‘s i
Ao as Srgng € M b Pionky SE PRI bRt Clfonents This i
fRahtaEBRisTRE hefB@fit i podsitdenta psefoswr wtiwelyi sigplehrebuilding of
position of the piston, and possibhle adj %{lst nment %f ¢
tetxastinge dubrismting esyslemipito 0rdes. 9o APRFYFe thea A EANASFE Q| (he presen
i.f neces aghi ' ' i drifEdsGA th@present
G PRI, el el b BURTIER, R R iomapirtes R s
20050 A0BI6H FPCINENE G08IA0BO 24 Significamf elventege. sit ghanly required to

fromthe main shaft/pistons of the.diesel engine and.
LRV & BB Gt CHGOD FEFIER Tty B e ton of the

AGEHA JHhd SrahilBafk/BikeH ke BiBYe] Begias ed
Lbc‘no sogrsﬁhdifygﬁtggﬁnponents. This is /E advant ageougt,ﬁg as
hereby it is possible to performa relatively sinple

SEANALD oo b A DT i

e@dr AL thel dendots RRBEAWS referdsReResohy thatdre amutually displaced
paratuses in their present design, which_of co

viouke biecumreptiak duegitonael, the mgm shaft. iHerehy ¥ pmﬁﬁégto detect
t i de . | | therefor which
oot R bl 5FolRh8 bafOfn@ofREREE. | OET Lot i Th

the position of the crankshaft/piston of the diesel

engi ne. According to a particul ar enbod nent, the

s pritissleslydimplerdssign dt 15 priRTsbhag ng T%S@B?fi tpans inglydg teeth on
th 08 {Hact r toel BRtheA@in shaft. Th
ARy S ARy BARLET0R, BE TRIRc! BRI FRin shaft. The
ofodihel fimi & shally provedeelyefotehirsi, pod sheteetht thuglerovide walkdefined

whet her the main shaft i.s rotati,n ne or the ather .
wesjorehee Eena Bear vy SRmret by et of the main
t gl R tB%ﬁ{i@?%ﬂ Qlﬁ?srkﬁetérﬁﬁﬁélﬁﬁ@ ab&RAdYy (Tihe &ste@nFoeekample, by

rimthat Is erably disposed on the flywheel of the
maitoothlpafch.of BRgin thowotst dasei thete svill baal 1°yerioF at/tha dxjection. The teeth

bef, h , the t th th . i - i
S s Sl e o
eP}ddhiBalGi S HEARE E1QBe Rijectibg. Mai N

According to a further embodiment, the system according to the invention is peculiar
in that the reference means include an index reference means, and that the sensor
means include an index sensor for detecting the position of the index reference means.
Hereby it is possible to establish a point of origin. From this point of origin, the teeth

with the two reference sensors are counted.

It is the primary task of the system to ensure that the lubricating apparatuses are

running angularly synchronously with the main shaft of the diesel engine so that a
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shaft. The tooth pitch will thus determ ne the
accuracy of the system For exanple, by a tooth pitch

wOR2003/04054 t he worst case there will be a 3 errpPCT/RK2004800745

injection. The teeth wll norgally be disposed with

SO snall pitch that a possible error will not have any
rac nlflcance pr injection, 25 Acc¢ording

thﬁ flpﬁ Rk leff?ffe h@x?sttljg%ae%% ?ﬁigstp 2pdquditl to the
'H&ﬁ. d@ﬁbé&nﬁ@ﬁH&'ar in that the reference nmeans

i ncl ude an 1 ndex reference neans, and that the sensor

neans i ncl ude an i ndex sensor for detecting the

tion of the.index reference ne IS .. .
i cfeseb teins P Sioro ot RS B e LR GHbpaF e oytinders s
pGJ‘aﬁ‘ﬂed Gft 19pbskikle td B&f&xﬁ? ] Bre RBrivdtion ol &yMAdERS ’?ﬁl@ KC&ffected by
sensors arée count ed the primary task of th
sy(mt@ﬂmgw thnsAfJentolm 1rtd¢per1d@bﬁly cdt tha gre%@maslg@sfr@rnethe main

t ﬁjea%éqng:g ﬁl& E%er c%f %‘Tg{? OUS| %\%tgé}aﬂh maltl?e %Qr?trol umt After
fl§62 0QAé OR44brichiohi lﬁﬁﬂ:tl@ﬁ' |s5}ﬂ&ﬁoﬂlsﬂﬁbh0 aldyOlbel Sttained again
ac i eved. The tlnln? %pbe adjusted accordlng to the
ar §al

n@éamvﬁl@albh dn @aarticy dimgag rthis wecuas afies|a 30Rg retatiqneof the main
s{, ed or running, and a pre-|lubrication of the
cylthders is 5 wanted, it is possible to performa
pre-lubrication of the cylinders. This is effected by
contr [1ing the AC nof or, i ndependently of the

&ﬁ’é’e tos gerEPuler ePediEment tipre é?rPé‘P‘fl%?ﬁ 3 paiyp sqtfyg-control and a

r [

S Sl B ARt | s S s oo
s;mnemrom ﬁmtsye‘tennﬁ‘yum eﬁfebtad rvédthe gantrol veitt velmeh icasttdly/the switch.
rticul ar odiyrtent, .this occurs after a 360

B e T R

particul ar enbodi ment, there is provided a backup
servo-control and a switch so that switching to the
babk ugfesenago s1gmis rfgim j the ragie shattomay icomel fromnar aggleofncoder or

h ff d
2g?{{eqrsé<? : ﬁilﬁligt e\’ﬁﬁ: 18% %ieglhn% I,%-cfclgrsdtulﬁét X %rg ﬁ\?lar %/_rggqcﬁlélegta gl&ﬁl Breferred

S @a¥ EheC AR} p6ifiod & irididaEEdOWitRA Gl dcburaey whitth Isefoeieefts €ess than
signals fromthe main shaft gg% cone froman an

eﬁlwﬁéf’ ¢nd which espfeitbhnbesduged ey ﬂir?éah@ntaméclé”?hméf TL signal
t ?ev Ra" ta' ééi{tl@ﬁlare 'gﬁl%gh Qe et réf%ﬁﬂ? ee£1 41§ %re ;;»Pc%&nttﬁl duplicate

ang ar ron isin cdte ccurac
[ seﬁsmn:bGthﬁlloaﬂeemﬁtuEHﬁMdependent, also with regard to supply voltage. This is

advantageous with regard to the reliability of the system.

Alternatively, the reference signals from the main shaft may be established via

inductive sensors that together provide position, speed and direction of the main shaft.

The reference signals from the electric motor/lubricating apparatus are established
according to a particular embodiment by a combination of signals. A resolver is built
into the AC motor and from the signal of which the control can determine the
rotational speed, rotational direction and relative position of the AC motor. On the
lubricating apparatus there is mounted an inductive sensor indicating the timing point

of the lubricating apparatus, i.e. the position of the lubricating apparatus. By
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20 about 4, and which preferably has signal |evel that
mai ntains HIL or TTL signal level. In a particular

wersdiuesent , the reference signals are presentPCTDK2004/000745

duplicate versions that are nytually independent,
also wth regard to supply voltage. This is

advant ageouys with regard to_the rellab|I|ty of the
SPBHE Shoer v gl elvll-defiged, seferpagec 8lea? gﬁaﬁ%aquoﬁﬂr the AC

t BR)t6BuBriSHE, e established via inductive
sensors ?hat g{ég ﬁg provi de position, speed and
direction of the mai n shaft. The refer ence signals

c SREBIRGR B Tiheh ORI 1o g DD SEOHBo HeHveBipna thero i
gf@ld{@ h QRofitorfidAdrzembnt GRRKVR rarifa%ﬁ&il ibdrt audGimbtitd 9w1tch to the

e AC notor and fromthe signal of ich the control
cbﬁd@@t@r‘m -pentrdldn casst eff 4nogradr. Ep@@mnomutalsuadamad for prov1d1ng an

St Rl AL sttt a8 ' RpficalBlyibhe iuaty foung
| B Wied br@peSEMtBOkhip Rhiefetht AiksélRBgink ¥ wygd.poi nt  of the

| ubricating apparatus, i.e. the position of the
| ubricating apparatus. By WO 2005/ 040564

P ' -

v TRl SR en b COFRVAED SRR A BARD pirols with rogard
med @h/otsu bone@atihg Gedophival mfereﬁm: signkilf gA Comatolr usippsr voltage and
enbodi nent fqr the ystem accorﬁl ng to the invention,

t pEpirendsation heteendhe selorsnfestflly arr angement which is
arranged for automatic switch to the backup

servo-control in case of an error. Furthernore, it is
adaptsystefnois amam\gied:l isoghad rerroe rrmassag&seisrsﬁ@ebacbum sj'sdnm Iwill produce a

0 atin an dtothe over contra [

B BT CnlE b e SromeSERY it BrohBessage to the
db%ﬁl EhioNelf fedésRey idAGnd @ﬁuzﬁw ORI ggeapmmere@%emde this
su ervi ses both master and backup controls with regard

oprdopmssigual e the septyd e~ dri ve, reference signal s,
AC notor, supply voltage and synchronisation betvveen
the reference si gnal s. The systemis arranged so that

emhelinBsRHAS Sex Fﬁlﬁeﬁqnbﬁﬁiﬂuﬁ thy FoldWing Wit redetde® ® thd drawing,
sl ow-down signal for the main engine sinultaneously

whh§rean error nmessage to the overall control. If
necessary in the situation, it will be possible to
override this slowdown signal via the control unit.
TReg.ilnvehéwomn sectiongl aiewedf ian eﬁlﬂt(ﬁhrheﬂtnoﬁ heohotdtionalnybricating
with reference to th% dragvi ng, = 20 whe
apparatus that may be used in a’system accordlng to the present invention;
Fig. 2 shows a longitudinal section of the lubricating apparatus shown in Fig. 1;
Fig. 3 shows a block diagram of elements forming part of a system according to the
invention;
Fig. 4 shows a partially perspective view of a flywheel for a diesel engine and
elements used for indicating the angular position of the flywheel,
Fig. 5 shows an example of reference signals achieved by using the elements shown
in Fig. 4 by a method according to the invention; and
Fig. 6 shows a schematic diagram for a control loop by the method according to the

invention.
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Fig. 1 shows a sectional view of an enbodi nent of a
conventional |ubricating apparatus that may be used

WO n008/0s0ss4 em according to the present inventi oPCT/DRR@4/000745

2 shows a | ongitudinal sectiongof the |ubricating
apparatus shown in Fig. 1; 25 Fig. 3 shows a bl ock

di agram of elenents formn par f a syste ccor di_ng
t dhegpparpivy shewein Figsgl and Sk hana ‘i? phaped gppajatus housing 2 Which on
r v,
DR ME SRty Ry B %ﬁ%aé%a R
t be Fig.ywEe uniFihgs aSvableohsusang &wdthps dovedr inkef éorelubgcating oil, an

si.gnal s achi eyved by us t he el ement
e demsd SRCaBIIOAERE § BHEN (VeREIgRe ojg e apparatus

F}mgusnﬁ P%’élétcf&'@&b%hﬁrfg pBmp AR Rlrmle@OPhd Yutlet is
acco ing to the Tnvention. W 2005/ 040564

Peb"mmc&(dadlaﬁ@@m&onaecmel dayip aflawuigdichionh2, iand Iﬁioglsthe whole row of”

7 i Aot GRPEFRRE BIPERNTBR BT Buker iy pdocited

6 enine Wlikdbr b Vin @¥@niber @MW, in Fig. 1. The unit has
a valve housing 8 with a lower inlet for lubricating

oil, an |nterned|ate sectlon for acconnodatlng a

pi ton 10 of rudin a J:

;[zle a?%StSB%g:b dre ac é{ r%%%gn 810 %f hat%ﬁ@u&g c4ms 16 on a
f etirgagh-gding dbﬂtrbBihalftSIS wmnes tcﬁtﬁlted @yr&hrdmpﬁﬂy wathnthe ctankshaft of
14 via a flow indicator and fromthe whqgl e row of

t [Hess engigenand @/lhgchcygnﬁ:é@gl, lﬁg e&pﬁgsca@ﬁ,aﬁﬁ)aﬁ@etmst@weare not actuated
o WHLAR TP AR B0 O ARAGL RIRE arfiRGH RS b Bfing about

e pistons 10 are
aat fiseddejduinal 211) mathsécoentfio ehy jourzais 3D ndibdveatpward exdersiobs 26 that

on a thr oi ng trol shaft 18 which
s yerbHohe ?cgp TR o rraive A KBRS Gt i front wal.

Wh%%lét%ssﬁﬁ&%gphﬂg REALA POIEREES irhrdsMBinkd Hb AN8stPads 20 which
not t uat ed rectly, but via thrust pads 20 on

r dspevill tenrieek eresaedrmvazdsuimtd Hharaspgstivouppry aabeends engage the

f d {. I

e Herhaiet Aeoarihae bod the i 3plpdfs Mitgined from
WidHich RaBEGF ItNe 1885t SAIsCYB Wil HY Plefell iquBvirayvar dfe Hdsedfe of the
the front wall. The pistons 10 are spring | oaded in

dlasmat@ﬁqﬁmmgm&al nst the thrust pads 20 which

they will then keep pressed inwards until the

respecti ve upper arns ends engage the set screws 28.

Hah @piratibe) inGsdede siuaiéiRghersiis td Bea certdin distapesbétiveen the arm part

determ ned from
26 and the set screw 28 so that the thrust pad 20 during the cam passage will be
pressed outwards for operating the piston 10, and after this passage it will travel back
to the said initial position under the action of the spring force by the piston. The set
screws may hereby be operated for determining individual operational strokes of the

pistons and thereby the associated yields of the individual pump units.

In Fig. 3 there is shown a block diagram that illustrates the essential elements forming
part of an embodiment of a system according to the invention. In order to be
operational, a system has to contain further elements, e.g. voltage supply, but such
further elements will, however, be within the options of the skilled in the art in the

light of the present description.
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whi ch each of the thrust pads 20 will be pressed
outwards at the passage of the 20 associ ated

wa@ewsatisng cam 16. I n operation, in some situaPCDDK2004/000745

there is to be a certain distagce between the arm part
26 and the set screw 28 so that the thrust pad 20

opzad PG DR G bpatacus 7o ih 8 coR eyl ha L8 Rphepted o a gear 34
Wi \Jvllucltl @ Viglved %:ykanzﬁd ﬁlotd?e Th&glarl é’iéﬁs' AwiP R fdta@i@nél%%éd of the

the action of fhe spring force by the piston. The set
sonetas 3oy attetie Isgle@ed v regaeditof pdesited entatiamahgpeed of the shaft 18 of

id t t
¢ 1B 5P BneBE Tt BreShuPEs 57 RS 1B Bt fygaapted for
UNiekdeting b Bans@itting raCsikSal SB@MEIng the aeialdinddladPoéified of the AC

illustrates the essential elenments formng 30 part of
armelebbui pesrrol ghit40syst em according to the invention.

In order to be operational, a systemhas to contain
further elenents, e.g. voltage supply, but such

f UK tieorerfleesipmdl Sfonithe ,analwe pesitio @f whé hdin tsheft ot (seaFig. 4) is
of the Skl [led in the art in_ the |[ight of the present

detgaéasmytq fomyibe Zbdieobe dusel enetDdd (0745 4)do pjmaster servo
htﬁ{(%v\ﬁ%@h dPih G BSHEroR RRRTAAL itrgls ﬁd hot %Bttﬁeﬁlthe lubncatmg

connected to a gear riven
AGppatatrs. mdh engaeul styegyacldonsustyheith dteahamrshhﬂ épe’éhrh mﬁster servo

t he, or 36 by a rat,j.o se regard,t
e%erme'%( FOttans Bogrerupakia r%&u ea"gitf’é?fltm 1gergent. f\ﬁé%nal converter 48
| URT &ALt K cARRAGAY AR Ftlfg RS %fé%nc@SSlgrﬁlfﬁéﬁleﬂleoﬂ H&l and is

AC notor 36, adapted for 5 detecting and transmtting
a eingeced b@gfaeldtmgnetstﬁe sexyo deilve Ahgud the cpaiseltungO0of the
AC notor to a control unit 40. A reference signal for
the angul ar position of the main shaft 44 (see Fig. 4)

| SCorkréspBadihElyedhd rsgsteihtclddenbaetupoterth eirfliees®lang N@ick® signal
42 ?sesg Fi ggltye tosga mast er servopol% dri vee 46 whi ch th) &

Vi eony préercnt Tb¢se@m¢ nseqofor grergeney enreating ipess olsgrariathe master
the {#anrl cating apparatus may run angul arly

sy g ronously with the main shaft 44. The naster servo
drive 46 contains progranmmabl e regul ator and contr ol

el ement. A signal converter 48 is used f

coheenisteny inedidlss BR dndersepsor 8 athih e.dgfrpgﬁedr tndi?f‘t’??élon with a drive
B
t hier dyetmming Heudsslutzapdsitipnse the dhricetnd Spraredus Saicaphe resolver
sl %n 1as|placed on the AC motor and since the gear 34 is disposed between the AC motor
36 and the control shaft 18 of the lubricating apparatus, the index sensor is required
for establishing the absolute position of the control shaft 18 of the lubricating

apparatus. The signal from the index sensor 54 is transmitted to the control unit 40.

The control unit 40 receives reference signals from sensors regarding position of the
main shaft 44 and the AC motor 36/lubricating apparatus 18. Furthermore, the control
unit 40 monitors the function of the system elements and may, via a control
changeover switch 56, switch to the backup system, if an error exists in the master
system. The control changeover switch 56 will thus be used for switching between

master servo-drive 46 or backup servo-drive 50 being connected to the AC motor 36.
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converter 52. These are used for energency operation
in case of error in the master system 20 The system

WO p@b0dEs4 an | ndex sensor 54 which is di sposedPCTYDK2004/000745

connection with a drive shaft;p6 connecting the gear
34 and the control shaft 18. T%IS I ndex sensor 54 is

used for determning the absolute posjtion of th o
i oAt elsisn Rl s T AT 53.cH8Y hasre svgfchy &0'for establishing
Pl #686bRAtibASnAswiRh @D B gwﬁéfﬁﬁ%%@tgzﬁ%\'g Rdhuadbr 'aﬁto[matic operation.

di'sposed between the AC notor the contro
s hafrtheti8oxsf itthhealau indicatorn g4 appsiatas imsljcatone64. ndex
sensor is required 25 for establishing the absolute
position of the control shaft 18 of the lubricating

apPiRy &nt®] ul 8054 BhtRlected &M H’gﬁlaitiﬁg BUHSEHS R adfhshife the timing for
transmtted to the control unit 40. The control unit

A0njesten vé dubrispidng ad éntsi the aVlsnder. dthesaslsstnent rcapability rig between 0

pgﬁkﬁk@g of the main shaft 44 and the AC notor

3 ubricating apparatus 18. Furthernore, the contro

30 unit 40 nonitors the function of the system

el ements and may, via a control changeover swtch 56,

sviiigch sheyvs the thivdhegh?X ipstuding 4 tothgd &y &9 whighds gravidedrith teeth
¢ . L

s b B S Ehtel e AN i 18 AR UIEGRALL Bidai Tobtidicaring the

4 Gangnlab pokitipn Erthe nehin wleafbahdotherely Gdvonde tpesitibn of e Alston. Two

not or 39. mZOOS/, 40564 PCT/ DK2004/ 000745 10 The

S ySPIR i ol AATE Broyided elich e prpnged Tonrigcting themipsengraf astooth 72

(55 \éﬁp;pg bitSfhel RhsoP Shaklnighis gnut@aﬁﬁ'd(i)gﬁz{deﬁ 3 bR S Bh A Rirection

r switching between nanua automati c
opsrthe imaim shafuBy Hies mtomey; bé detérdesl ifitwrmain sbliftéd Grisming one way or

and statuys indicators - ontrol uni_t IS
cofin ERE Dol G0 o His s 6D 8P S5sti s Toong t he
timng for injection of lubricating oil into the
cylinder. The adjustnent capability is between 0 and

364t theisile of thhiophed iian 70 thatesie praviRiednd)®dedexgetsranco 7B éalthe shape

S AR o 07 0 o

f agountinl tetteetl 72hgay Berehy) B9 provided. iThe pokitibh @ f MR iAd&hRférence 78
and thereby al so the position of the piston.

®
sdndelagory &)?/ thegposition i 4he pistendmain phady is used fos g@téi\rqg de timing point
d i nO t ' . .

CSUSELI DA BRSASIOF AR RLE 127 QAP0 Rty ndcr

ciproxindigrsensaral direction of the main shaft. By this
it may be detected if the main shaft 44 is turning one
way or 15 the other, based on detection of the tine

detigys Bod oS SRRMPIS 86484 bPreference signals collected by the sensors 74, 76
and 80. The two examples 82, 84 show the rotation of the main shaft in opposite
directions. The difference in detecting the teeth 72 with the sensors 74 and 76

expresses the direction of rotation.

A control loop, as shown in Fig. 6, includes an angular position indicator 86 and an
angular speed meter 88. The signal of the angular position indicator 86 is transmitted
to a first regulator 90 together with the reference signal from the main shaft/piston.
The regulated signal is then transmitted to a second regulator 92 together with the
signal from the angular speed meter 88 for possible compensation/adjustment on the

basis of angular speed. The resulting signal is transmitted to a control element 94



At the side of the toothed rim70 there is provided a

O index reference 78 in the shape of a projecting pin
wokiosi4iss4 det ect ed by an i ndex sensor 80. A stBCT/DREQ004/000745

point for counting the teeth,7{2 may hereby be

provi ded. The position of the’index reference 78 20 in

relation to the position of the piston/nain shaft

i's
udech periosms popsble divsimank of the Al mogr 36nBy paiBgithiadpyRe control
a a . .o
Bt Ao ottt bOPEE B KOl orkdies A5 NN SRLR position of the
t wefemnanpbiesariiPnaBthetby ceidter] drecACangoavay eautatedyed by
the sensors 74, 76 25 and 80. The two exanples 82, 84
show the rotation of the nmain shaft in opposite
directions. The difference in detecting the teeth 72
Wth the sensors 74 and 76 expresses the direction of
rotation. A control |oop, as shown in Fig. 6, includes
an angul ar position indicator 86 and an 30 angul ar
speed neter 88. The signal of the angular position
indicator 86 is transmtted to a first regulator 90
together with the reference signal fromthe main
shaft/piston. The regulated signal is then
transmtted to a second regulator 92 together with the
signal fromthe angul ar speed neter 88 for possible
conpensati on/ adj ust ment on the basis of angul ar
speed. The resulting signal is transmtted to a
control elenment 94 WO 2005/ 040564 PCT/ DK2004/ 000745
11 which perforns possible adjustnent of the AC notor
36. By using this double control |oop, one nmay on the
basis of the speed predict the expected future
position of the reference point and may thereby
control the AC notor very accurately. W 2005/ 040564
PCT/ DK2004/ 000745 12 CLAIMS 1. Centralised
| ubrication systemfor lubricating the cylinder faces
in large diesel engines, particularly marine engines,
i ncluding at | east one lubricating apparatus with a
nunber of reciprocating punps actuated by cans on a
rotating control shaft which is 5 driven preferably
synchronously with the main shaft of the diese
engi ne, characterised in that it includes: - an AC
not or connected with and driving the control shaft;
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- nmeans for detecting speed, direction of novenent and
position of the engine piston and for generating

wale@saiseor el ectric signals indicating these PCT/DK2004/000745

paraneters; 10 - a control uniit which is adapted for
receiving the digital/electric signals and which is
connected with and controls the AC notor for

r%léljl ating the rotation of the control shaft and

t é@"t he actuation of the reciprocating punps. 2.

ntralised Jubrication system.according..to claiml :
o CeRiraled sbpip8 & fat KR HEHEREE L. Cohbx afin ree diesc
t RfpiNBd, Pagitafailyanstindingthedliih@dihy ableabttie e dadng apparatus with
indicate the position of the main shaft and thereb .
alagwmmbieeopresiproasting pumpiaqiateddyy, camssanasiotatingagtrol shaft which is
defoct | ALl ig, POSIHIRR.E) B8 W SHERCS A el engine,
- a TEont POl e s “eonnect ed wi and Tecerves

Sicghgdcterised ih sRAtsRindi®REs and i ncl udes neans for
detecting angul ar position as well as angul ar speed

f oan¢¥{emobqy cpppestesivith srdaiying e caerdshatfor the main

sh ' ' . G ' i Of .

2L ey sBl, drediEhlof Hovellh £8cefoRieE iRngine piston

s and dorgenemtihgidigithhvar etcefrizrstpmals indinstorgsthese phraareters;

nmut ual |y, di.splaced in the circunferential. direction C

oF B! @_ (8 af%@tql_. oreiving Ge §131t6]2?1?“&’_a? Fighals and which s

S YL ACH AR Ghd SohiPol€ Rl ACZmBior Jor £BALASE flel HBMiohbF the control

that the reference neans include téeth on a toothed

r ishaft bt thesbp thef astimbiby ofiths ped@dcasimgpbvaps f | ywheel of

the main shaft, and an index reference neans, and that

the sensor means include an index sensor for

det echtrd)Bed IBrivASIH JyBmUccdrigith dRim N SERFRAERABANS .

30 5. Centralised |ubrication system accor di 2% to any

pr-isEeneg means monperigdawithr the avain rebaft eae whieh Algepidy of indirectly

i nect ed..w t resol ' ' . f e

oW A S RE R R Bl ko ARG Pl oo

angehsaf meas ddt@fing thetgoeitibl offte@eferdnE: 204t/ D64

PCT/ DK2004/ 000745, 13 6. Method for lubricating the

cylthadhe contrqd anitys capppsted; gl pndoprgpinesssigiady fpB§easqrymeans and
. nes. i di ¢ ¢ b .

AL BREE dc B bR pds R oP L B BRERN Sfkod for the

acatfemhedmleynscandagharebyafor thicahdin ghatidertgine pigbaf t which is

driven preferably synchronously with the main shaft

of the diesel engine, characterised in that:

3. Central lubrication system according to claim 2, characterised in that the sensors

include two reference sensors that are mutually displaced in the circumferential

direction of the main shaft.

4. Centralised lubrication system according to claim 2 or 3, characterised in that the
reference means include teeth on a toothed rim that is preferably disposed on the
flywheel of the main shaft, and an index reference means, and that the sensor means

include an index sensor for detecting the position of the index reference means.

5. Centralised lubrication system according to any preceding claim, characterised in
that the AC motor is connected with a resolver which is adapted for providing a signal

to the control unit for the actual angular position of the AC motor.
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5 - the control shaft is driven by AC notor; -
detection of speed, direction of novenent and position

w@bRoosgisne piston is perforned; - digital or BCEDKRI0G/000745

signal s indicating these parapgters are generated; -
the digital/electric signals are transmtted to a

f EQM% ﬁgnllolitu }Alhgalrt&géléﬁ?yi]pane %eggn ! te&i;gge@gqsﬁga%gu?arfy marine
eﬂ%lfl&l i, ngaétllﬁ{quyncaElﬂg gccé‘tﬁé iR a@fmﬁfﬁ@r of rgmprocatmg

procatln punps ording to claim
cpamps:taehxa’saddby rcatisadn -a totedingi gontral /shaﬁcwlmplm isidyiveh s_greferably

stabl.ished, by refere svvnl are co t ed
TR T e SR et Al o ey apgerised fh af
| Deler BRkrbYshhRG &ed vy eC RR%dt | on of the main shaft
and thereby also the position of the piston, and

sendstectiopaeis spéedy diwstieant of rmovm‘ttandnp@@fltmh@f engine piston is
ref renée nmeans; and - that the control unit is
d wth and receives signals fromthe sensor

1btal @lledtinE élFﬁeﬂ&nﬂﬁﬁﬂ@g thede shednegérs Bk g’bﬁ&ﬁ{e’dr

p05|t| on as well as angular speed for the

r efle digttel/qlecine signals eredraasipitiedrtotagonral wnik Wb#thlé eRipsted with
p'aﬁci g&}tro% IgEA@ ?rgot&cfép E“%suﬂl?io% Ql% 110?5‘[1% ﬂg@ﬁ@é ?‘[?gtsa‘?lq thereby

erence Sl gha e pOSI 1 on

metiehcaladbh ofthe retipotaimiggdmpad provided in at |east two
nmut ual Iy i ndependent versions, also with regard to
supply voltage 25 9. Method according to any of

ST et PR, A TPl " o ot us o o
pF oive dgda]éﬁlecanc oigbals atd eehabbt[she;i o adfereficer mednsevlsiple ek, connected
55k 20220 P0S) LheR B0, SIRLTE 500,858 e i

Ve AP dn R GieREl IS0 LR ﬁ@b‘{tld?lf oﬂh’é' PiBoR andgsen%%@zﬁisethhts@éﬂect the
in that the Servo-control is nronitored, and t

swpsition ﬂ@themefﬁmcmgmrﬂ@er VO- cont rol is nmade
amﬂ?a%é %grlltlr(}f unit is %gnsneecp d viith &\ recellvgs §1Er?alss ¥r<s)}ne{171]e sensor means

and includes means for detecting angular position as well as angular speed for the

reference means and thereby for the main shaft/engine piston.

8. Method according to claim 7, characterised in that reference signals for the position
of the main shaft are duplicated and provided in at least two mutually independent

versions, also with regard to supply voltage.

9. Method according to any of claims 6 - 8, characterised in that the reference signals
for the AC motor/lubricating apparatus are provided as a combination of signals for
the speed, direction and position of the engine and a signal for the timing point of the

lubricating apparatus.

10. Method according to any of claims 6 - 9, characterised in that the servo-control is
monitored, and that switching to the backup servo-control is made automatically in

case of an error in the system.



