o 166166* - 1 Method and device for nonitoring plain
beari ngs of ﬂ@ mm ting piston machine, in particul ar 20August 2088er na
- conbustion echnical field The invention relates to a method for

nmoni t ori ng plalﬂ ﬁearlngs of a reciprpcating piston'nachine, in.
partlcular .comhustion gndine as | aimed 10. in the preanble

~of claim 2 gﬂﬁ toaré d 9”(’55‘3 Or JHWPPHERF GG PHdlhe ipgs) qf in the,
. preanbl e ofeccbapnailnarlpns&bm 1madtiiwsls. dnd gavideslher i tai ng

pl ain bear r eci procating piston machi ne such as an
I nt er nal inggg?%gncgﬁsPhggkgrga ﬁghn from EP-B-0.141 348.. A nmethod. and

a device for nonitoring 20 the lubrication at the contact p0|nt bet ween two
parts gwhigb-ahechisghiajgd with respect to one another by neans of the'.
Iubrlcatlng‘?ﬁéﬂr"nnve—re ative to one another and are made of different
electrically conductive materials by nonitoring the main bearings. of 25 a

- crankshaf topé aﬂvbﬁtt%ﬁalréwé@sstwnae?r@t@ﬁa@rfordﬁéﬁitee.‘in The digp parts.
are located in,an electric circuit which 'passes through the". actua

.-IubrlcatldMFaﬁbPﬂ? atf ha@ a TSoLPEGEaEdNPce BRALAR e@aiivene, cdihecti on.
On the onq:&na@ﬁcﬁharresl %Trﬁmetéhfn&DGCBQb@slt(i'diri endglid k8 adueR@E when the

“lubri ting filmis tor of f on e othe and the thermal_e.mf.
~ whi chig PG hd coaH?b doq nt® qTfsl esmﬂrf of*d hé& VdG®ndi%Theat when

t he | ubr| ocairruglmgl puks tthosr rm@ttlﬁbd arsd mlanhedmnsﬁﬂueawaegmb&k&maf vol t age
sour ce arqf 5 to generate the flow of current by means: of the
ext er nal ectrlc connection of the circuit when

Prior art
15
Methods and devices for hwnitoring plain bearings, iﬁ
particular of a recipr0cating piston machine such as.én
internal cdmbustion engine, are known - from
~ EP-B-0.141 348. A method and a device for monitoring
20 the lubrication at the contact point between two:parts
which are insulated with respect to one another by
means of the lubricating film, move relative to one
another and are made _df _différent eiéctrically
conductive materialS'by monitoring the main'bearihgs,ofV
25 a crankshaft of an- internal combustion .engine' are
'~ described. The two jparté_ are located in an- electric
circuit which passes through the actual lﬁbricatidn
‘point and has a voltage source and  an external -
connection. On the one hand the reSistance  of -ﬁhe
30 «circuit, which is reduced when the lubricating film.is
torn off, and on 1the -other hand the .thermal e. m.f
which occurs at.the -contact point as a result of ‘the
frictional heat when the 1ubr1cat1ng f11m is. torn off‘
and which is used as a’ galvanic voltage source are used
35 to generate the flow of <current by means_ of ‘the
external electrical = connection of the circuit when
" there is metallic contact to a large area between the
two plain bearing parts which is caused by 1lack of

lubrication and indicates heat damage, said -current'

T
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" there is metallic contact to a | arge area between the tmogglain beari ng

~parts which is caused by lack of lubrication and indicat e20hegust@fdge,
sai d. current *@00002* 20 August 2003 2 flow being used as a control
. signal or an alarmsi'gnal. The connection of the circuit is enbodied as a

_resistor which is electrically matched fo the |arge-area contact point.
The vol t agélomvpednichismt as atcoherobsksynaloforS drheabximr sangdnnect i on

" is neasure BITToN r ol. _si_ g e control nal is to
 be undersl‘:i‘gl(%)ﬂq:here|€r:11Q)rI 599@§e @1£QQ%E %scg%%adle%; Used® ﬁﬁséggmntchlng
si gnal forWP#Fﬁgéﬁlﬁ}QQRﬁ#ﬁﬁlk&tm®ﬁ@hedf§p éb&m&a¥QQﬁaE¢@ppongathe

i nt er nal cgasamthmleewmg@ &Foﬂ)rWE:géﬁ'Bgcu%B altareﬂéie%égfstJP pet hod

~.and th ice are pedlent enbodi ed i n such fe event

of br.g”ﬂ Ec&r"‘rt.eﬁé‘ H%Eefdéa% 1hemeasupatt ARG élfs%rﬁqotrsggwals i s

.suppressedauntddnta:olpresigually da&ﬁmé@dtfbﬁqu%ll@hacﬂ thg vald agge peaks 15
anplitude occurs. During

over time an é%%ta%g' crea3|n%iten é% he
the sinult &ne6us oni toring b & HUrst Ty %? iLhbCRAEAG ISP RE nesedr pl ain
beari ngs mhschewqumhange&r&haklﬁ@e mmﬁgyenﬁn§lﬁakth@rtaﬁtfgw@rately|t :
I S not b eteer en her mocurrent, which
plain bear?ﬁg Fﬁghg%grﬁggﬂF$Eﬁ¥9%g# ﬁg ﬁgﬁ{n? SP ML HSRIFNE t he

- pl ai nWearPhgstriggeried. iani sakmoessigvyice. pr’Hve dené tieod ndand dute 25
"|UbrlcatlanQQbBt%f@tékﬁgﬁhéﬂET@JeﬁﬂSHQ%b 58 hng  JBRgNgpaRd Lo measure

ern

“and conmpar e, t he tenEeratures occurring I vi dua plaln béarlngs in
order thehr®o B¥SRbI eOfo PIFEMGY WMQHfﬁkﬁﬁln@oiéﬁﬁérap@ﬁ$siuﬁheeached a

val ue Whl chutpi ggbng oforbn¥rcdi gBdbnals is suppressed until a
previously determined frequency of the voltage peaks
15 over time and/or an 1ncrea31ng tendency of the

‘amplitude occurs.

During the 51mu1taneous monitoring of a plurallty of’
_ 1ubr1cat10n points or plain bearlngs which are arranged
20 in one common physical unit or separately it is not
possible to  determine, by reference to -the
thermocurrent, which plain bearing the thermocurrent
starts fro_xﬁ. In order to identify the plain bearings
affected it is -necéssary "to provide the individual
25 1lubrication points with additional thermal monitoring . .
means and to measure and compare the temperatures ;
occurring at the individual plain bearings in 'order.
then to be able to identify _which'bearing temperaﬁure
"has reached a wvalue whilch triggers a control signal.
30 Such a measure is relatively complex and is in
' particular not suitable. for plain bearings at which no
suitable additional thermal monitoring means can be
arranged, such as is the case, for example, - for
connecting rod bearings and for the piston bolt of a .

'35 piston.

Summary of the invention



. 30 Such a neasure is relatively conplex and is in particular not suitable.
“for plain bearings at which no suitable additional thernmaROfvaust®0PRg
nmeans can be arranged, such as is the case, for exanple, for connecting

rod bearings and for the piston bolt_of 35 piston. Sunmary of the

i nvention 20 August 2003 - 3 The object of the invention is to further

i mprove a Thet e ffdethree itgtentuimn oisngt@l diurthear | hyprofrea a

‘reci procatihaghpisbe FRekPece | BoPakrG Wi Blain BEEEIALCYPUSTION
engine. 5 The,object .is achi eved accaording tg the |nyent|on.$¥ with the
met hod spetPFIBECSRLLAE b&JiSTHAhg MAChEMhs bR t Raréhgudemer iofi ngart eat ur es

“of claim1lin@@rhalwecbhbtiBe idevieagiseeci fied at the beginning by nmeans of

the characterizing features of claim7. Very detailed information on. the

bearing status on the 15 one hand and on the |ocation of any damage on the

. ot her is dbraiokeieby, isoachiarple aceloadimmitealtlye aimbédityisg: and spreadi ng

“the obtained thernocurrent curve and placing it in a relationship with the.

~angul ar position of the crankshaft, and .searching through the. curve 20

- obtai ned f&F ST fikanmeshapt specdifitte g3t atine bbegingéngober meamentire
porking_cycl .o Sulle An2PALYEr 2 0hqg!l REaLBRETREIIGN, Clir ve can preferably

"~ be c:irled out by nmeans of a conpltational programwhi'ch can be _

. gen Uted, for exanpl e, by neans. of trials. The nethod 2.5. .and the

“devi ce al 39 suplly ©haeassiek Bpah Fhicdy arhihe Jbégpﬁﬁiﬁéappymfe% of false
al ar ns because&$o t her nocurrent, ang. t herefore no control “signal, occurs

with satisfactdr I SHPHESE Phtsingol pREHESEhOEMSd@iMent- curve occurs at

all, this therefore neans ".satisfactory_overall_bearing state". A
const ant Very detailed information on. the bearing status on the

15 one hand and on the location of any damage on the other
~ is obtained by, for example, electronically amplifying
~and spreading the obtained thermocurrent curve and
~ placing it in a relationship with the angular position
. of the lcrankshaft, and .searching through the. curve

20 - obtained for significant symptoms of the plain bearings

over an entire working cycle;.Suéh an analysis of the
thermocurrent curve cén preferably be carried out by

. means: of a computational program which can be

| .generated; for example, by means. of trials. The method

25 and the device also supply a means of monitoring which

' is preferably free of false alarms " because no
thermocurrent, and therefore no cOntrdl signal, occurs

with satisfactory plain bearings. -

30 If no thermocurrent curve occurs.at:all, this therefore
means *satisfactory overall'bearing State“. A constant
thermocurrent curve at. a low level indicates non-
damaging mixed friction{;Deflections in the curve which

- occur briefly and disappear again can indicate
.35 - temporary damage (hot spots), such as the breaking dff
of parts of the bearing' shells; which can however.
.repair themselves again as a result of melting of the
-broken-off parts. If, on the other hand; individual

high deflections in the curve continuously occur, this



.. thernocurrent curve at. a |ow [ evel indicates non- damagi ng m xed

friction.. Deflections in the curve which occur briefly agﬁﬁﬂgsﬁéﬁﬁér
-again can indicate .35 tenporary damage (hot spots), such.as the breaking
. off of parts of the bearing shells, _which can however fepair thenhsel ves
again as a,result., of nmelting of the _broken-off parts. If, on the other
hand, i ndi ¥PduaP h?éhcﬂEfPBctPgnsalnd%m%g%@rvﬁlébmtlhﬁéﬁsng oebase this 20

August 2005041th&namamdbéatﬂdhiu@if:?e@ﬂm@@d &Lé}hﬁléealﬁwgré\@éﬁénc;@%l tion
angul ar p03|t|on whi ch

can be ideptified, for .exa reference to th

the deflectPor™®f EREUIGH \rjgoﬁgtrl)r‘/?nan‘ﬁﬁw t H®h&5E \GCtiRn c@fvetheertain 5
changes i nctheecurse igur and/axl oatec hsingee and/ oth‘eheaur{r@tat@@ﬁ@élﬁpeeds or
‘1 oads wvary. ﬁg.ﬁgggsq pr@{édgurl\,gdl&lﬁ;;baés of ra\%em féﬁg%{%{‘ﬂ}% of éalegﬁl ain

beari ngs. or ~exa arrseina
rot at i onal re@peb#onand S@eﬁdﬁt i @ arleads lﬁar:el acavel yalsagh pzucb@ilde power ,

can be an indteationsobe IR MSEORE ] S ohe WG AL De gL LT but ed

to a poor_lubricating f that is to say unsuita
over | oadi NPHf ePﬂ@é‘PH@ehl%erl‘Fﬁ‘e int gerbasic peobveneat cai egkativelyar if the

- synptons ahigRdY robataiidl beb?;‘éefd?e peagef | rhad gr}telwt%]ouggut Jating.

- The rrg@god can_be ﬂﬁ%{)}eg in a reci procating_ piston I nes in which
“the p TGeFeY §9 BLPEhe PWELi nﬁff‘%y?lee amdingdagagdeni |ef during
‘'t he wor ki nthcyes se@Omii xedotf rdatsiam) . whileh cesl ocattrgbpkslondragchi nes
~are, for Ie . punp nd i rticul a I nternal conbustion
engi nes. \?é?&g op%]kgﬁfégglgﬁ ti ?‘ &t p%ﬁ%l ny° pi lé‘Ponsi‘i‘l}( InSHitRRYe  The
reci procatiulgriganrt oanddehi nvsrdmdlmge @hetloe machingl.i rrtﬂmSlaﬂﬂfbﬁS
operate accor t [ c po one
P! BrBB16Rakhe  10- P APAPLK! NG ¥§% e %@)Eéﬁ NM%dd

revol ution of the crankshaf ) or
f our - $Br olREHO MG IRYY chied @{@@Pfé@ﬁé‘n@@qﬁ:@w& SMIRM omtuﬁgt he

The method can be applied in all reciprocating piston
machines in which the power cycle, and thus also the
‘bearing cycle and load profile during the working cycle
20 is not constant. Such reciprocating piston machines
. are, for example, piston pumps and in particular
internal combustion engines which operate with a
:eciprocating piston in a cylinder. The reciprocating
piston machines can have one or more éylinders- and
25 operate 'according to the  two-stroke working cycle
(c_or_respond's to one revolution of the crankshaft, that
~is to say 360° angle of .rotation) or fdur—stroke
WO;:king cycle (corresponds to two revolutions of the
.crankshaft, that is to say 720° angle  of rotation).
30 This applies in internal coinbustion.engines regardless
' -of the fuel used, which can be, for example, diesel or |

‘heavy oil, petrol, gas or the like.

In order to evaluate the thermocurrent curve, numerous
35 parameters which provide more precise information or
additional parameters can be used as is clear, inter

alia, from the dependent ¢laims.



. crankshaft, that is to say 720 angle of rotation). 30 This applies in

i nternal conbustion. engines regardless of the fuel used, 28August2(93be,

- for exanple, diesel or heavy oil, petrol, gas or the.like. .In order to

+ evaluate the thernocurrent curve, numesous 35 paraneters which provide
more precise information or additional paranmeters can be used as is clear,
inter aliBRef rRTERRT dRRFHEHRD ¢l 7 nvhigh Addhest Livsicatime afighm ar

posi tion ithibkedssha d ube i aakiitdnfirh MHuthhekness herahla JpdydRyBuri ng
t he nor mal gper tion .of th | ai n beari ng(#? advant ageously sel ect ed
accordi ng o clt&m PL31Par MG or Liet AN IROERRS LY posialantest the

pl ai n bearacgordinghite. i, 2t ks patameteesifdmnaeteimihenguliicating:
filmig al . ] ir’gma may correspond to the galvanic conductivity
so that i tﬁcls)%f%%)%%i g‘%% to de{bgc Hh e rréit dt lghi%mafhtgul $osi tion.
Fur t her noreglume peebabahicey of0 thmt ldbhmagetiogt Hd Iyeatsngleanaeceur there
cearliest iginOhGRt 858 mAvSdblalls® e t f S S, cor.di. to

claim 3, the_n di spl a,cengn - pat % o%o?ﬁieq{iaﬁ%ggéjl{é%{r]%gl %an%glcp i rtg%’beari ng.
15 I n part§QultBftal kb fife Beagibdat &fo pdsitdcdnsaarkiermederrennbudt i on

phase accanig dyel & Mpbosd € Shi t abhBrh8EmodEl er T n%xio%%bqqﬁité) on.
Accor b)ng tho claimb5s, furtger é)ar,ameters can also be the torque and/or the
1ot at 1 OnalthHedYMagR £Re PeFLRG ERRaCCCHINSER engilaest tse 20

~ignition spgenes: j SA ancaiabig paramaiend, fak sehdls iSPohkab-daaganet er.
I'n order to evaluate fhe atacg%te:[m' nedI,1 a coEgDn .control unit, to

whi ch. -medis fordensing the ShgtRI3FeBEFotBRFBn BE t hbecr BFRIARGt are

~ connect ed,jouwrnaxpelienlaisdbeat tugf or eval uating the data which.is -

- determ ned. According to claim8, nmeans for.sensing the dead center

positions. of each piston are also connected. to the control unit.
- 15 In particular also the dead_ center positions and/or the

combustion phase acco_rding to claim 4 are suitable for
determining the positibn. According to claim 5, further
parameters can also be the torque and/or the rotational
speed. In the case of 'interna-l combustion engines, the
20 ignition sequence 1is, according to claim 6, also an

important parameter.

In order to evaluate the data determined, a common
_ control unit, to which means for sensing the angle of

25 - rotation - of the crankshaft are connected, is
expediently sel'ect'ed for evaluating the'_déta which is
determined. According to claim 8, means for sensing the
dead center positidns.-of é'ach' piston are also connected .
' to the control unit. -

30 | - |
According to claim 9, the device is expediently -
equipped with a transfer unit for the thermocurrent.
According to claim 10, this c'o_ntain.s, for example, a

| ro_tary _senéor'_for sensing the angular position and the

35 ".rotational spe'ed of the 'cran’kéhaf_t. 'In:drde'r to _perhi_t
the thermocurrent to be transmitted with  as litvtle
interference and as low an impedance as. possible, the
transfer unit according to claim 11 is provided with a

collector with a plurality of sliding contacts:



30 According to claim9, the device is expediently. equipped with a

transfer unit for the thernocurrent. According to claim 130 Algust 2808 ai ns,
for exanpl e, srotary sensor. for sen5|ng the angul ar_position and.the 35
- rotational speed of the crankshaft. Lngorder to .pernmit the t hér mocur r ent

to be tran as-little mterference and as | ow an i npedance as
- possi bl e, aﬁé"tt ?’é‘r’f@?gr WEL dor dFhychBiersnsell 9k peehited wihe a

-col | ect or ei&hua tplour @:Idstsilm‘llsi:léb n@aﬁOBeaekga&@e@wtmé&Qé” 8f an
nference of arb eval yatign p033| bilities

di stribute [

can be exp%ﬁgggeg;% S %Fsgﬁ ggggﬁgﬂé‘ﬁ o?f eﬁgérmhc&gr -di R§ t §PéFai m 12.
‘So that dds supplt\weogsiclllldtaltcmwfof heher arkskahi fdo dwind@VRateSa

di sadvant ri tr Si t device is expediently
mbod od, SesanyRRLEBkoll | REfERe | RITRST A WEanBRY hETahe: cEBGhi on 1 &
prefer abl yde¥daei gEr @{Hﬁfim&}daﬁmbOﬁltehi clmmnd;ngo thbdetaimorBust i on

eng nes 2l eay Hava a1 CRBLTIEPNHEY Ul ik riohi 6h Jpgeopgraling data

such as rotational speeds, nition time and t

_processed %%HFHSP%GchncéﬁFPé agsiet ¥iddh paimokbi ned with the control unit

for the nonitoring of 15 plain bearings. Brief description of the draw ngs
ry odi nmen t he i nvention e escrl bed in 20 nore detail

bel owhal ﬁ?ﬁ?ﬁ?en%%‘%?%sq’ﬁ%ndr%ﬁ?’r@‘gs |"f‘1jfil FRAT¥N: W@ur%nl VRS TR

| ayout - of eontred- cyhindeini nwkiahl thenbla@ter@rtlefggl rdatd. aswent i g2l

- section; I £ sb Ver. sectlon t hr ough beari ng of

“the cr‘ank?ﬁ{ {gffa% ﬁ%%‘ri%m ?nﬁb T on- Ehgi ng" fli I‘E‘?‘g%ngi%%

* enl ar ged hrgady processed so that such control units can be

combined with the control unit for the monitoring of

15 plain bearings.

Brief description of the drawings

Exemplary embodiments of the invention are described in
- 20 more detail below with reference to the drawings, .in

which:

"Figure 1 shows the layout :of a three-cylinder.interhal

. combustion engine in a vertical section;

25
Figure 2 shows a_.vertieal sectien through a. main
bearing of the crankshaft of the internal
combustiqn engine in Figure 1 on an.enlarged
scale; .
.30 _
Figure 3 shows the,scheme ef_condﬁctive'cbhtinuity by
means of the arrangement of cylinder;_piSton
- bolt, connecting rod bearing and main.beafing
~as a function of the crank angle;
35 |

| Figure 4 shbws the diagram of the oecufrence of a
‘thermocurrent at various plain bearings of
the internal combustion engine in Figure 1 as

a function of the crank angle;



30 Filgure 3 shows the, schene of. conductive continuity by neans of the

arrangenment of cylinder, piston bolt, connecting .rod beardOriuguatR008i n

" bearing as a function of the crank angle; 35 Figure 4 shows the diagram of

.the occurrence of a thernocurrent a[_%arious pl ai n bearings of the

i nternal conbustion engine in Figure 1‘as a function of the crank angl e;

20 August 20@Bi8® 19 7shevgurae Soumoad adisplagemenspl dtageain diggram for a

‘connecting rod beari j ' rdipates,; ;Ei ._the - -

1 ongi t udi nal secthmxéﬁhgéfggﬁéfggg %E??&gﬁtﬁgﬁgﬁﬁﬁgﬁé%%h:ﬁﬂﬁ??SFigure 7.
shows a detail of a flexible coupling device of the transfer unit,

“partially iFgee ien;shewd. Ehgune iy ishaysns C > 1Qr h er unit
in. th transverse vie L1 h, egﬁgct. téﬁ%hgégﬁgF? cgiié.%féhgg%%dinents

of the I nvention The‘ﬂ?ﬂégﬁ%tFﬂ efti Bncrankgsadton the state of know edge

of EP-B-O 141 348. 20 Figure 1 shows the layout of a reciprocating piston

~internal c | enal.ne whi.ch _has, for a ,_ three cylinders and
oper at es agggﬁﬁ%%gpto 't BuPe a0 p?i%@ﬁg%§i%rﬁﬁu?%l?% dgyigm entire.

~working cycle runs over theo tevtsfer onnidf, tberciabkghafi sec2$0%20 angle
of rotation. The inteypal conbustion engine contains a crankshaft 1 of a

crank drive for the three cylinders Z1, Z2, Z3. The crank drive is nounted
in [ﬂLﬂ n bearings, which are referred to as mai'n bearings 2, in which in

-each case pegiired g OWHWWS a 2801 E8ELLR of the transfer unit in the
' -transverse view with respect to the shaft

axis.

15 Embodiments of the invention

~ The present invention is based on‘' the state of
knowledge of EP-B-0 141 348.

20 Figure 1 -shows the .layout of a reciprocating pistbn
internal combustion engine which has, for ekample,
three cylinders and operates according to the  four-
stroke principle, that is to say an entire working
cycle runs over two rnglutiQns of the crankshaft  or

25  720° angle of rotation. The internal combustion engine
contains a crankshaft 1 of a crank'drive-for the'thfeé_

. cylinders Zl',. Z2,  Z3. The crank dr_iv'é is 'mdu'nt.-.ed' in
plain bearings,'Which are referred ﬁo as.main;béarings

2, in which in each case bearing'journalsZZa.rest in

30, bearing shells 3, as is clear in particular from- Figure
2. In.;order to achieve good sliding properties, the
bearing shells 3 are lined on.their side'whiCh bears
against the bearing journal 2a with, for exémplef.a
white metal layer 4, a lubricating film 5 _thch is

35 present between this white _métal' layer 4. and the
.bearing jOurnal 2a preventing the plaih bearingé from
running hot. The bearing shells 3 are’ supported'kw
bearing blocks 6 which are integral with .a common

:housing 7.



- 30. bearing shells 3, as is clear in particular fromFigure 2. |In order to
“achi eve good sliding properties, the bearing shells 3 areZ2DiAugdst@908hei r

si de which bears against the bearing journal 2a with, for. exanple, a
.White netal layer 4, a lubricating filmb5 which is 35 present between this
white netal layer 4: and the .bearing8 ournal 2a. preventing the pl ain

bearings frome cranksigafotl &'Bﬁtabﬁ@rl S rskRaldis é’yﬁiﬁdéi—'pﬂo” beari ng
common housi'hg 7. uzst 003 8

bl ocks 6 e re integra th
The crank\é\%af{gr%n onPgugga fo e‘ﬁlahcﬁylrr?\dé} ZJPan?EtJZ?y -'%9 r #nkigournal 8
which to acwomwedtachg vba 9a s cenmneecing Virod caaaeghgng 1®d begei ng 10.
The conne | ne ed yia a further 5 bearing 11 to a
pi st on bol fctdfgg%# gg. g’?)g:’:] g%/h ERPPECEEG dé(&aup anguﬁfi%ﬁrl nPLR&n
cylinde? zbegring drl .2} al'h@lSt@nnboilthZrmf taeepsmgorlmandwhm@hphgl n
bearing 11 49f; [ n t e nas the_main bearin
0 11qafiaddaypl shanaBeb! saf el L0% 3G design 2 SEorroning g

-2 of the crankshaft 1. 10 In or now t 0 sense roduced
at any nmiRBESHRY FRhgPesrang rikrangt sde Lnalamt begrfingm11 t b€

‘resul ting heatipgsess Hodl | ¥rkhespaidydg d nt | s on.the plain
beari ng, tlg)e nter nal_ 51 conmbust.i on enai nggfng egélgg%gd %mgrftﬁ% l%"Flﬂ’?ol uni t
- 14  which &6fFa¥s <a gﬁﬂea AR A5 L The control unit 14 is

el ectrlical ly conduct ively connected to the housing 7 via a connecting |line
shaft 1 via a connecting line 17 and

16, on thetgn d the _cra
a coll ecto%[8 g)r%%r} no@{"ﬂ:e O §i%se the gﬁﬁFV‘QFu\ﬁrﬁ?tt RFQBiiedlatinmry 14, the
connecti ngmanne@elaemg? awimghoot ~aa:1 rnmtté:e:duptadaluhdiwdarﬂi&@nﬁflmr esi stor

19 As a renul UrabutBeaherIBls fy I L Wik Gloh 3,001 o el vani cal Ly i 2

pl ai n bearl ng her mocur r ent flows in rcuit
16, 17, 18dif eaﬁatt Merls owoltheyeprdrip anarlng, the internal

15 = combustion engine is equipped with .a control unit 14
which contains a display device 15. The control unit 14
is electrically.conductively connected to the housing 7
via a connecting line 16, on the one hand, and to .the -
crankshaft ‘1 via a connecting line 17 and a collector
20 18, on the other. In parallel with the control unit 14
the connecting llnes 16, 17 are short-circuited via a
; low—lmpedance.re51stor 19. As a result of the: thermal'
e.m.f. which is generated galvanically in a plain
" bearing, a thermocurrent I flows in the low- 1mpedance
'25_ c1rcu1t 16 17, 18, 19 and triggers a voltage drop U at
the resistor 19. This signal is proCéSSed 'in_ the
‘control unit 14 and fed. to the display device 15.

The qontrql unit 14 is equipped With means . 20. for
300 sensing the angle of rotation of the crankshaft 1. To
do this, these means 20 have, for example,  a pulse disk
21 which is connected  to the crankshaft_l.and whose
angle-dependent ~ signals, for example  barcodes
distributed on the ' circumference, are sensed by a
35 sensor 22 and fed via a llne 23 to the control unit 14
In addition, the control unit 14 is equlpped with means
24 ° which determlne the 1gn1t10n sequence at the
cylinders Z,, Z, and 2;. For this purpdse,.for example,

a line 25 is used which is connected to an ‘ignition



.the resistor 19. This signal is processed in the control unit 14 and
fed-to the display device 15. The control unit 14 is equi pRecAugust20dBans
-20. for 30 sensing the angle of rotation of the crankshaft 1. To do this,
-these neans 20 have, for exanple, a pukse disk 21 which is connected to

t he cranksgaft .1 and whaose angl e-dependent signals, for exanple barcodes
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- which is cdAnefpad sensiniggnithieon ighiAugust s2Rfitert-e disdfii byl gs 2HaWhi ch

feeds the LgpLtier C enf . to_-,Lndividual spark plugs 28 via ignition :
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particular _if the i %tlerdnal co .olffs:t | O eéng?sr’legi gggsgileseé?gjéh%i‘?‘l}él%i ch

does not h3VESamPtsFf¥e phOYs SHark splwes ebitedus ppadteaid requipped
‘injection wyshem £481! infasribaceyapparent now that during a four-stroke

“wor Ki gg cycl e conposed of intake stroke T1, conpression stroke T2, worKking
strok& T3 and expul sion stroke T4 in the operating chain of a cylinder Z,

“which is fbrmbaslSbéconea apdaradasr huowhitiht naurihlguss r #ed- 1 pee
Lston 13, the plston bolt

. detail) i ' e n housing 7, th

12, the Cﬁ%@é{?ﬁgh?ggggéf\b esecﬁi(;n%écfxgﬁﬁl.(erﬁgrg’ griig FPTRHETHon
crankshaf tstrokm Topevarkhpgsssrekies Bstaall | ehedl s honhistlrdidee TontAct 20
resi stanceid bperskhdioNopoi At § ¢ I ‘ ce_.Qw,ng.to a thi :

| ubr | tin@rfilg]rt Eanas l?ﬁilgaéfi_? \???’%E‘%?’Sa%al VR 1 Fed i ve, and
iﬁe om a cylinder bushing (not illustrated in more

t hus
detail) installed in the common housing 7, the piston

13, the: piston bolt 12, the connecting rod 9, the
connecting . rod bearing 10 and the crankshaft 1, an

. operating state 1is established in which the conﬁact
20 resistance in the sliding points has low impedance
owing to a thin lubricating film, that is to say is
virtually galvanically conductive, and thus the
cylinder wall is connected through to the cfankshaft.
‘This 1low impedancé, that is to say the galvanic

.25 conductivity, occurs- in the second stroke in Which the
compression takes place, in the vicinity of the tnp

' dead center: OT, preferably directly before the top dead
center OT, .in which the ignition process aiso takes

- place, as is shown by the curve in Figure 3. This is

30 possible ~because at ieast one. piston -ring (not
illustrated in more detail) of _thé 'piston exhibifs
virtually no movement at the éylinder wail.at the top
dead center and therefore no dynamic lubrication occurs
either. The piston ring, in'this_éase,'penetrates thé

35 lubricating film and bears against'the'cylindér wall.
This abutment of the piston ring is promoted by the
combustiqn prdcess_during whinh combustion gases pass

- behind the piston ring so that the latter is forced, on
the one hand, radially outward  against 'the. cylinder



. cylinder wall is connected through to the crankshaft. This |ow i npedance,
that is to say the galvanic .25 conductivity, occurs in th@0egostR098r oke
in which the conpression takes place,. in the vicinity of the top dead

- center OT, preferably directly before ltd1e_top dead ‘center OT, in which.
‘the ignition Rr-ocess al so takes .place, as is shown by the curve in Figure
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-one. hand,centiaiibysouswapdradaions tdyremty| i DABEi 28 tAugusts ;3003 a0 wal I,

-and on th g1 ..hand, h der si de .qf nnul,.ar groove 1n the
-pi ston byq?‘ﬁiergr IeJESl%(rEe tg{ét %%:%%gg?%ﬁlﬁgs . aj? Flgeapéét&&ﬁ?ﬁé'd: that as a
result ofS®hébpgctherrit the.rdihe i bowspombdanseanl lthat, iWero tdg,

~direction @dnd®v¥eiBDEy | SiEe¥EhsedLNON-exi stent no continuous supporting
- dyna 8 | ubricating f1lmcan bui Pg up at the plain bearing 11 of the

pi stoh“bolt 12 .so that.here, too, .the |ow inpedance, that is to say

conduct i vidry, insegenptandh i) fRel NWESFiPLE PAGT Fitihe | WREERALING SI ! M
whi ch, gi ver frictiop, | eads ?o flrllmg'tigﬁiﬁgéti 1§’eé‘nd gi ves

_ subsequent dr Fri
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Tor 5 conhas ity joBeo BatrSa: il At Moo rLbkere 19Pewe Rbor i oati ng
fil mdnhd ®ojints where the lubricating film is thin. The diagram
in Figure 3 shows the thermal e.m.f. U of such an
thermocurrent I for a connecting rod bearing 10 when
there is a rupture in the lubricating film and dry .
- friction. This thermocurrent can then flow and thus
20 manifest itself if the abovementibned 'cbnnecting;

 through position at the top dead center is established.

As a rule, owing to mixed friction in the " plain
bearings, a certain degree of galvanic thérmoéurrent of
.25 a_small magnitudé is always generated, which-generétes
a-low—level'basic curve of the basic current. HoweVer,
- if a high therchurrent is produced in this'drive chain
as a result of damage to the bearings, it will be
_ evident in this particular phase of the working - cycle
30 as a sudden, large_deflection'of the curve. This means
that é.thermocuprent in this phase df-the-Working:cycle
is an indication that the lubricating film of the plain-
| bearing is interrupted in the drive chain, which can
_ lead tO-damage in this drive chain. The damagé here
35 could of course occur ih. any plain bearing .of.'this
‘drive - chain, but it will preferablY"occur  at the
connecting rod bearing 10 if the"defleétion occurs in
the . aboveméntioned ‘particular phase of +the working

cycle. In this phase, there is always conductive



~ friction. This thernocurrent can then flow and thus 20 manifest itself if
" the abovenentioned connecting- through position at the top2tefaduse2003r i s
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the thermocurrent curve however only in the region of the
top dead center, that is to say the aforementioned
connecting-through position.

20 By way of example, the following considerations arise
for the main bearings 2 of the crankshaft 1. The
bearing journals 2a are pressed - against the lower
bearing shell 3 during the greater part of the working

~cycle, as a result of which, in the event of damage

25 while pressing is occurring, a galvanic thermocurrent
is produced which continues, but is interruptedfif the

. bearing journal lifts off from the lower bearing shell,
~or at least relieves the_latter'of.loading,_when the

_ ~force of the piston 13 is directed upward.  Such a

30 reversal of force takes place in .the intake phase and

| leads to the lower bearing shell of the main bearlng.
being relleved of loadlng, and thus to an 1nterrupt10n
in -the thermocurrent Because this brief interruption

- .in the thermocurrent for each main bearlng takes place

35 at a spec1f1c angular position, this 1nterrupt10n can
generally serve as an indication of main bearing damage
and as a parameter for a spec1f1c main bearlng when it

“occurs at a specific angular p051t10n
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that is to say the aforementioned connecting-through posi 2Z0dugusitRad3 way
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Figure S5 shows a further possible.way of determining a
thermocurrent at a specific connecting rod bearihg. The

20. parameter used for this is the thickness h of the
lubricant which is established in a specific operating
state and which is due to the displacement of the
-journal of the connecting rod bearing during operation.

It has in fact become apparent that the bearing forces

25 —change continuously in direction énd magnitude owing to
gas forces and inertial forces as well as the changing
~load states. Figure 5 ‘illustrates this displacement
path of the current journal and the3resultihg thickness

h of the lubricant of a connecting rod bearing in the
30 polar diagram for one working cycle of the'four—stroke:
internal combustion engine as a function of the angle

of rotation of the crankshaft. Owing to ‘the periodic

- profile of this working .cycle, a cdntinuoﬁs curve is
obtained on which in each case the crénk position is

35 given in degrees. As a result/ a path of the journal
center _point, what is referred to as the journal
displacement path, which is passed through once'durihg
each working cycle is produced. The journal changes its

position not only in the circumferential direction, but



thernocurrent is an indication of an interruption in 15 the | ubricating
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conneggi ng;H@dcmd;@gquf@aqgleglgg conditions are produced for the main
~bearing, but.with

Figures 6 to 8 show a transfer unit 30 which is
detachably mounted on the crankshaft and which contains
the collector 18 for transferring the thermocurrent and
20 the means .20, 20a for determining the angle of
rotation. In particular, the transfer unit 30 is

constructed as follows:

The transfer unit contains an "adapter 31 which @ is

;25' screwed to the'crankshaft'l by means of a screw 32 a
conical part 33 on the adapter 31 1nteract1ng with a
corresponding conical recess 34 on the shaft for
initial centering. The adapter has, on the side facing

away from the crankshaft 1, a further conical part 35

30 in which a centering flange 36 engages, said centering
flange 36 belng screwed via a central screw 37 to the

- screw 32 which secures the adapter 31 at the crankshaft

:1. The ~centering flange 36 is provided, on the side
facing away from the mounting side, with a hollow .

35 .cylinder 38 which is connected toward-the outside with
a first fixed housing part 40 via a bearing 39. The

bearing 39 is closed off from the'adapter 31 by means

of a sealing ring 41. On the opposite side, an

eacceleratiOn sensor 42 which is not illustrated in more



_inverted bearing loading, that is to say if, as stated above, the main
| oadi ng occurs on the |ower bearing shell in the case of - PRAUGHFIRA98ar i ng,

the main | oading . takes place on the upper bearing shell in the case of 15
. the connecting rod bearing. Figures 6 1t -8 show a transfer unit 30 which is
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outside with a first fixed hou5| ng part 40 via a bearing 39. The bearing

39 isqglo of 31 ans , ,of aseallngrl 41. On the
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opposite side, an acc nsor mhlcﬁ
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whi ch accelgy abifone 8€NS@hed? 483 CUMGEdeabhr ﬁ%@gpl & %lgLaEh ee Lndi vi dual

accel eration sensors which can detect the accelerations in a ee axes.
Arranged (FHEGYRECTEREIRDr 8ACFERe KGOl 0@ CylWhieh | zuan elwidt c tlrﬂ)upl i ng

devi ce 43 entept fan mefa adrd:cmh@@ﬂﬂﬁgt welb DPfvaen thwehokhaw gyl inder 38
and aléhaféir%hrxpércgnée Ef ecrc?rll)xlie/c Oingmwle%w anSt ' UCt B%’n adjacent
circumferential slots 49, 50 of the same hollow
cylinder 45, 46 are offset by 180°. In addition, the
~connecting webs'47, 48 of the two hollow cylinders 45,
_ 46 are offset by 90° with respect to one another. This
20 ensures that irregularities in the running of the
crankshaft 1 are as far as pOSSlble kept away from the
shaft 44.

The shaft 44 which is embodied as a hollow shaft is
25 mounted in two bearings 51, .52 in a .second fixed
'housing_part 53 which is supported in a fixed mount 54.
The mount 54 contains a supporting tube 55 which can be
attached via exterhal attachment flanges 56 to suitable
means,.fer example the engine-housing. The housing part
30, 53 is supported on the inner side of the protective

_'tube 55 via a rubber ring 57.

Arranged'on the shaft 44 is, on the one hand, the means
20 for determining the ahgle of rotation which has thei
. 35 increment disk 21 whose series of bars (net illustrated
in_more_detail) distributed over the circumference is
sensed by the sensor 22. In the present case, a second
means 20a for -determining the angle of rotation is

- preferably arranged, said second means 20a being offset
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15 construction of the collector is intended to permit the
' thermocurrent to be tapped as precisely as possible and
with as 1little disruption or. resistance as possible, .
and to compensate any untrue running of the shaft 44.

20 The fixed housing parts 40 and 53 are formed by a
casing tube 61 which is provided over a large part of
its 1length with circumferential slots 62 which  are
constructed in the same way as the . circumferéntial
slots 49, 50 in the hollow cylinders' 45, 46 so that

-25_ _uritrue running, that is to say “oscillations of the
crankshaft, can also be compensa.ted "here. The casing

- tube 61 is provided with a flexible -protective sheath
63. ' '

30° The conductors (not illustrated here in more detail) of
t;he_ individual sensors are connected to the connecting
lines 17, 23 for the control unit 14 at a connecting
part 64.



seated on the shaft, said sliding contacts 58 being each connected to the
fi xed housing part 53 by nmeans of 10 a spring arm 59. Ther @0augugtra®08r abl y
eight sliding -contacts which are distributed over the circunference at
_different orbits 60, it being pref er_atil6y possible for in each case two
sliding contacts 58 to interact, offset by 180, . with the sane orbit 60.
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12 Piston bolt 52 Bearing

_13 Piston _ 53 . Housing part

14 Control unit - 54 Mount

15 Display device ' 55 Protective tube

16 Connecting line 56 Flange

17 Connecting line 57 Rubber ring

18 Collector .58 Sliding contact

19; Resisﬁorn _ 59 Spring arm

20  Angle of rotation means 60 Orbit

20a Angle of rotation means 61 Casing tube
S 21 Increment disk 62 Circumferential slit
22 Sensor 63 Protective sheath

23 Line 64 Connecting part

24 Ignition sequenée means

 25 Line

- 26 "Ignition distributor .

27 Ignition cable h Thickness of lubricating film
28 'Spark plug I Thermocurrent

30  Transfer unit U Drop in thermal e.m.f.
31 Adapter oT Top dead center '

32 Screw UT ° .-Bottom dead center

33 Conical part T1 Intake stroke

34 Conical recess T2 Cémpression stroke

35 Conical part T3 Working stroke

36 Centering flange T4 Expulsion stroke

37 Screw : 21 First cylinder

38 Hollow cylinder Z2 Second cylinder

39 Bearing zZ3 Third cylinder



10Connecting rod bearing50C rcunferential slit 11Plain bearing51Bearing
12Pi st on bol t 52Beari ng 13Pi st on53Housi ng part 14Control uni205%igoat2003
15D spl ay devi ce55Protective tube 16Connecti ng |ine56Fl ange 17Connecti ng
| i ne57Rubber ring 18Col | ect or58Sli di ng contact 19. Resi stor59Spring arm
20Angl e of rotation neans60orbit 20aArghe ef rotation neans6lCasi ng tube

21l ncrement ghsbfeCoraymkerential slit 22Sensor 63Protective sheath
23Li ne64Connevt-rE;n'g—pa'r'rE§4l gnition sequence neans 25Line .26lgnition
di stributor 27lgnition cabl ehThi ckness of |ubricating film 28Spark
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lubricating film (5) between bearing parts which move
10 relative to one another and are made of different
electrica;ly conducting materials is torn off, on the
basis of a temperature gradient at such a plain bearing
(2a, 10, 11) Dbeing used as a control signal in a
control unit (14), characterized in that the
15 thermocurrent (I) is amplified and spread and
interrogated for significant symptoms of the plain
bearings (2a, 10, 11) over at least one working cycle
as a function of the angle of rotation of the
crankshaft (1), a control signal for damage to a
20 specific plain bearing being output when a significant

symptom occurs.

2. The method as claimed in claim 1, characterized in
that the angular position in which the lubricating film
25 thickness is at a minimum during normai operation is
selected as parameter for determining the control

signal of a plain bearing.

3. The method as c¢laimed in c¢laim 1 or 2,
30 characterized in that the displacement path of the
bearing journal is selected as parameter for

determining the control signal of a plain bearing.

4. The method as claimed in one of claims l.to 3,
35 characterized in that the position of the crankshaft
(1) in which the associated piston (13) 1is located in
the -vicinity of the top dead center (OT) in the



connected to a crankshaft (1) via a connecting rod (9), a. thernocurrent
(1), which is produced whenever a lubricating film (5) befldeiguiiedbBng
parts which nove 10 relative to one another and are made of different
electrically conducting materials is torn off, on the basis of a
tenperature gradient at such a plain be ng (2a, 10, 11) being used as a
control signgempyessicont r phagei t {$4) selhartasl er azed parbhatetrhe £6r

t her nocurrenge(:le)ndlgl@qg)lﬂgé %Mf%%&gﬁlnd interrogated for significant

synptons of the plain "bearings (2a, 1 over at | east one working
cycle as a function of the angle of rotation of the crankshaft (1), a

control signgl forhéarmgensa fasZcheﬁéal Grpl h8 Rgarkbng;ihe i3 %t Ppt when
a significcant curs met hod as clainmed in claiml
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paraneter fo in the C troI . signal of a plain bearing. 3. The
met hod as clé?ﬁg%%ﬁﬁag ag 167 IfOl acterized in that the

di spl acenent path of the bearing jour nal is selected as parameter for

determ ning ghe c r al, .of ea The net.ho cI ai ned
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in that the torque and/or the rotational speed of the crankshaft (1) are

used as par ajret er,s erm ni ng .t he cantrol &ggal 6. The nethod as
claimed in dne of ¢ %Jh%e ? ga ing out the method as claimed in

15 one of claims 1 to 6, having a control unit (14) which
can be connected by means of lines (16, 17) to the
housing (7), on the one hand, and to the crankshaft (1)
of the reciprocating piston machine, on the other, and
which outputs a control signal when a thermocurrent {I)

20 occurs, characterized in that the control wunit (14)
contains means which amplify and spread the
thermocurrent (I) and interrogate it for significant
symptoms of the plain bearings (2a, 10, 11) over at
least one working cycle as a function of an angle of

25 rotation signal of the crankshaft (1), the means
outputting a control signal for damage to a specific

plain bearing when a significant symptom occurs.

8. Device according to claim 7, characterized in that
30 means for sensing the dead center positions of the
piston (13) are connected to the control unit (14).

9. Device according to claim 7 or 8, characterized in
~that it has a transfer wunit (30), which can be

35 comnected to the crankshaft (1) of the reciprocating
piston machine, for the thermocurrent (I).



10 characterized in that the thernocurrent (I) is placed in relationship
with the ignition sequence of the «cylinders (Z1, Z2, Z3) p0Aagustr2008nal
~conbustion engine. 7. A device for carrying out the nethod as clainmed in

15 one of clainms 1 to 6, having a control unit (14) which can be connected
by neans of lines (16, 17) to the housilfy<{7), on the one hand, and to the
crankshaft (1ip. obdhed ed A d pi chi t.he other,. and

whi ch out puts.a control S?gﬁg?ﬁaﬁ%ﬂg% %ﬁ%?ﬂogzr?@%?ﬁﬁ%éﬁﬁf%ﬁliﬁthat
charact eri zelen treRsStee d8Ht o 30Mhi thaslap xerrmY nsSensmms WBI0h Bopl i fy
and spread tbensther mh@UcRRiry | oéﬂﬁkéﬁt&ﬁaOgﬁgerBEaEgbﬁgﬁﬂ%éééﬁ”%f
synpt ons of EHS gkahg Re %IR % 2a, 10, 11) over at |east one working
cycle as a fGnct ron 6f &h “a gle of 25 rotation signal of the crankshaft

(1), the5teans outputting a control signal for danage to a specific plain
beari ng whenqq sigplflgant t om occur.s.. 8. .Device. accqording to claim?7,
characterize.ffn gﬁgébg3%ﬁ%§%§§QQN SersiHg t e Feal cefthar X375 of
the piston {A3)thate thandvtasfiert miton(30) umid &l4dolDecbewi celsg)

according t i s chapgct ey i it transfer unit
(30), \Ahichqgg%ﬁbg] 5%%%%%&5%0 %%ﬁg%ag%’gﬁg‘?%s(lﬁggf ?ir}egtrre@?"btreﬁagating
pi st on machi LT { et fbrewBf aveneeeand( prefagahlyusn A603ieud9 10. Device
accordi ng t o—ctatm9—echaracterized—+n—that—thetransfer unit (30) hgs a
rotary sensor (20) for sensing the rotary position and the rotation

- speed of the crankshaft (1). 5 11. Device according to claim9 or A0,
characterized in that the transfer unit (30) has a collector (18 wth a
plurality of sliding contacts (58) distributed over the circunfgrence and
preferably on various




