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EvorrTra 11

TprpiE rcat Ainavor1 Kvqrr1pav

11.1 Eoqyoyn

To ipyo nou yiveror nwo orq ipBolo ono ro oipto rou xuXv6pou (ev6erxvuyevo ipYo), 6ev
ofronoreiror eE otroxtrnpou oq 6pvo otpoxrou orov orpogologopo. Evo ptxp6 p6poq rou
ev6errvupevou 6pyou r(oTqvokiveror yto vo unspvtKneo0v ot noonq guoeurq rptpdg (dpyo
rprBdrv). :To :X.1 1 .1 ouyKpivowot or x0preq xor4yopisq onol€t6v rptB6v o'6vov EU90^0g6po
xvnrnpo.
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Comparison of major cltcgorica of friction l6r.s : fric.
tion mcan cfcctiva prcssuac al difarrnt loadi and
lpcrds for Lclitcr foua.cylitldar ovcrhcad-cam auto-
motive spark-iSnition (SI) and compr.slion-igrition

st cl st cI sl cI (cI) cngincs

IXnUo 11.1

flo ouyxexprgrivo, ro epyo rprpr.rv 6onworor Vro rouq oKoloueoug oKonolq:

* l-ro rnv qwlnon rrlq yopoo4q laoo ono ro o0or4po erooyoyrlq npoq Tov rutrv6po,
Kor yro rnv exnopnrl rt^rv xouooepio.rv ono rov x0lv6po xor r4v e{oyt^ry4. npoKerrol
yro ro dpyo owlnonq, To onoio no|\iq gopdq evooporovoror n6n oro evEerxvtpevo
6pyo rou KUKIoU (qpvnlKoq ppoyoq rou 6roypopporoq p-V).

* I-to vo unepvrrqOo0v or owrorooerq rprprirv otrov rov xrvoupevorv pepdv rou xtvnrnpo.
flpoxarror yro rq TprBdq Tov eAornpiov Korrou flouKol.roou Tou nrorovroU oro prttvto,
rrq rprpiq orq 600 ddpovo rou Eroorrlpo, oro d6povo rou orpogoloQopou Kol
EKKswpogopou, oTrq Bo,\Bi6eq, Kor rouq p4yovropo0q, evepyonoi4o4g rouq, To
ypovo(to Kor rq rpoxolieq nou o6rlyouv rov exxawpogopo Kot ro nopetrr(opevo rou
xMnrnpq.

-, l-to vo divaror Kivnon oro nopelKousvo rou KrvnTnpo, dnloon orn gr€poTn rou
guo4rqpo rou puyeiou, rq owlieg vepo0, lo6rou Kot Kouoipou (pev(iv4q
nerpe,\oiou), rr1 yewrlrpro (6uvoyo) r4v owtrio rrpovroU (u6poutrrx6 rrpovr), ro
xopnpeoo6p Tou Ktrrporopou, nreqvn owtrio 6eurepeuowo odpo vtq rov KqroI0Tn,
ow,\ieq uypr,.lv ovoprnonq KTtr.
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1 12 Xqpdfinproflt(a p8yilrl

EpVo qwlnonq Wo: n epvo opvnnKot Bpoxou (p6vo vro 4-Xpovouq Krvnrnpsq)
Epyo rprpdv otriodnonq Kot Kulronq Wd: oro e€oprnpcro rou KvnTnpo
Epyo nopelxopevov KtvnrRpq Wa: yro rnv xivrloq rov nopslK6lievov
OArxo 6pyo rptfrirv \: ro ooporoyo r0)v noponov0J

wt=wD+wn+w.

Iuvrtooq n ovoluon Viv€ror Ue Xpnon rnq U6onq npovuortKnq nieonq

Kor Tnq roxuoq

(11.1)

^"o:t
P=mep t l/r"n{

Onore n Uion evbsrKvupevq nieo4, yro 6vo rerpoxpovo rcvnTnpo, pnopei vo optorei pa poo4

rouq eppoAropo0q oupnieorlq Kor snovoonq povo (imepo, 8p6xoq uvn^nq nisonq), Eiro pe

SAon Kor rouq rdooeperq sugo^rouo0q (imepn, pe Bodn ro entxopn0.\to otroKlnpopq -
eeflKoq Ueiov opvqrtxoq gpoXoq). On6re royuet

(1 1.2a)
(11.2b)
(11.2c)
(1 1.2d)

imePr=imsP"1tm.t

tfmep - PmeP + rfmeP + amep

bmep=imepr-tfmeP

bmcp = i6sp" - rfmeP - ameP

11.3 Tp6aq

Or ondAereq rprBdrv os dvov xrvrlrqpo eivor 6uo et66v:
. or rprB6q pero[0 60o psTol tKdv ontectvetov, Us dvo orpdpo llnowlKou ovopsoo, Kol
.r H rupFtir6nq oKd6oon.

1 1.3.1 Tprgdq peroEo U€rolNKdv enrgweriv

:To :X. 11.2 Qoivowot or 6uo KuproTepeq nsprnTooetq oe KtvnTnpeq.

Sch.matic ofa lubricatcd joumal and a slidc. bcarinr.

:XnUo 11.2

Or 6rogoperrxdq neproyiq rnq uypnq linovoqq nopouoro(owor oro 6roypoplro rou :X.11.3

Supponirg oil fflm
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Stribcck diagram for journal
bcrring: coclficicnt of friction /
vcr$t dinrcnsionlc$ duty patam.
ctcr /N/d, whcrc ! is thc lubricant
dynamic vircosity, lV is rotstional
spccd of shaft, r it thc loading
foacc paa unit arca.

:Xnpo 11.3

1 1.4 Mdgo6or Udrpnonq rprgiv KvnrnpG,v

H pdrpnon rov TprBdv Uroq pnxovnq ev l8roupvio, pnopei vo yiver p6vo UE ogoipeon Tnq
roxooq oTov o{ovo ono Tnv ev6srKv0u8vn tox0 nou unolovi<gTot Us Boon dvo uvnlnq
oKpr9eioq 6uvopobetxrtx6 6toypo1rlro. H p60o6oq ouTn ouLrq 6ev evbeixvuror yro
noluKUlrv6pouq KMnTnpeq, Kor vr'ouTo ouvneoq or perpnostq vivowot UE puUouIKouHovo
rov Krvnrnpo. ouorKo or rprBaq orov puuoutrKoUUevo Klvnrnpq 6Dv eivot ot i6reg pe our6q rou
xrv4rflpo oe npoyporrx4 treroupvio. nopqKdTo neprypogowot ot n6 ouvnetopiveq relytKdq
UiTpnonq:

(i) Marpnon rnq tmep Us Boon rnv imep. H U6on evoetKvuuevn nieon esTtKo0 Bpoxou
unotrovi<eror pe otroxAqpr^ron Tou p.dv. le xooe r[rtrrvdpo npcflet vo unopxsl
nre<on^eKTprKoq oroenTnq ni8onq, ev6 0o npinet Enionq vo unopxet otoenrnq oro
orpogolog6po.

(ii) An'eugeioq 6oxrp6q pa pupoulxoopsvo KtvnrRpo. E6ri ol eeppoxpooieq U,oo oTn
grlyov4 (Icdro, vepo xrtr) eo npdnst vo npooeyyi(ouv xoro ro Euvorov ouTaq Tnq
npovporKnq lerroupvioq. Auro Unopei vo yivet aire pe Oippovon rou vepo0 Kol
lo6ro0 rou KtvnTnpo, eire pe Uto doxrpfl onou o,\erroupyrirv KtvnTnpoq, EogvtKo
oBRveror xor orq ouv6yero pupoutrxeiror. Tdrorou eibouq 6oxrpiq oe dvov xv4r4po
onou oro6rqxq ogorpo0wol e[oprnporo, ypqorponoroOwot Vto rnv eKriynon Tnq
noooorroioq ouverogopoq rov 6rog6pov efoprrlporov xor 6tepyootdv olq ouvoItK6q
rpr96q (BL Ev.2).

(iii) Tpopun Willans. flpoxerror yro xoro npoodyyrorl roo60vop4 ljaeooo pe rnv
rponyoupavn. Mro perp4p6v4 Kopn0,\n xorovoklo4q KouoiUou oov ouvoprnon rou
gopriou, npoexreiveror Udxpt rn Un60vtKn KoTovokJon (:X.11.4).

(iv) AoKrpn Morse. E6d, or enr p.pouq Ku^tvdpot ptoq notruxo.\rv6pnq lrnxovnq oe
Ierroupvio, 6roKonrowot 6ro6oyxo r(ot Uerporot n peioon rnq ovonruoo6pevnq
pon4q, avd Erorqpouwor oroeopaq ot orpogiq. Xpsto<erot r6roirep4 npoooxn oro
ndq eo Koperor xo8e gopo 4 rpogoEooio oTov avo x0,\rv6po Xopiq vo ennpeo4owor
or o^lor.

J=aL+lr-olfl
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l- turp, rh-l tttrE9, fh
Wilbns linc mcthod for d€rcrmining
frictiotr mcan efactivc pr.3suac.

:XnUd 1 1.4

QuorKo, Uovo 4 nptir4 p60o6oq Uerpcr npovportxiq ondtreteq rptBdv ps Tov Ktvnrnpo oe
trerroupyio. :ro:X.1 1.5 goiveror 4 eni6poo4 rou gopriou ong rpt9dq av6q Bev4tvoxvnrnpo.

Total friction maan cfractivc pr.sjurc (tfmcp),
rubbinS friction mcp (rfmcp), and pumprrg mcp
(pmrp) al a funcrion of load for four+ylindcr J.2G
dm' spark-i8nilion cnginc wirh borc = 9J.3 mm.
3lrolc = ll4 mrn. and r. - 12. opcrarcd at t600 rcvi
min. Motoring and firirg conditions.

:Xnpo 11.5

tro :X.11.6 goiveror q eni6poo4 rov orpog6v oflq rprBiq ev6q Klvnrnpo diesel.

r EnSim-nolorcd, complctc
. EnSioc-mororcd, manifolds rcmoEd
oEnginc-motorcd, vrlEs ..mov€d rnd cilnsh.rfi d€activatcd

- -EngitE-ft€d

r2m t1o0 1600 l8@ 2cn0

Spacd, rcvlmin

RubbinS friction and ruxiliary mcp for sir-cylindcr dicacl cngjnc undcr motorcd and fircd conditions.
Efrcct ofrcmoving manifolds, velvcs, and cernshaft drivc under motorcd conditions also shown.

:Xnpq 11.6
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:To :X.11.7 goivowor oflore^douoTo Uerpnoeurv rprBdv oE gev4tvoKlvnrnpeq.
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Eq. (11.6)
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Friclion maar cfcclivc prcssurc undcr motorcd conditioN at widc-opan throltlc for scvcral four_cylindcr spark-ignitior cngincs.
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---4- r. = 12

rfmcp

3---t--

400 an
bmcp. kP!

Mecianical cmcicncy ,t- and ,atio of pumpinS mcp to
Iorar Inc0on mcp rs a function of load for a typical
spart-ignition cnginc at fixcd spacd.

Pumping mcp (pmcp, and rubbing friction mcp
(afm.p) as a function of load ior r, = 12 and j,
rour-cytindcr SI cngrnc wtth B __ 95.J mm anO
L : I 14 mm. l6m .cvlmin.
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8m 1000
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Tq oflor8ldouoro npooeyyi(owor UE Koro^ ntreq eKqpooetq, pto ono rtq onoieq eivot 11

nopoxcrot:

rrmep(bar) = o.rt * o.' r(r*I) . o.*(*)' (11.3)

ocrv ouvoprnon Tov oTpogtrl.

Ooov ogopo rouq Krvnrnp8q diesel, owioTorxo onoreA6oycno goivowol oro :X.11.8

$r.
E t50

:,m

\\\
S rl-chmrbcr

Dl cn8in6

ill

--vn t(m l5@ 2000

Spccd, .rrlmin

Motoicd total friction mcan affcctivc prclsurc as a
funclion of spccd for scvaal Dl dicscb (bor6 in
ranSc lm to 13? mm) and lDl swi.l-chambc.
dicrcls (borcs in .sn8c lm to l2l mm). Conda-
tioos for r. = 15 and I- = 142 mr (Dl cnginc) aDd

r. = 16 sltd L - 142 nun (lDl cnginc).

Motorcd total friction maan cfcctivc pressurc as a

function of spccd for smallcr IDI swirl{hembcr
dicscl cngind (borca in rangc 7l to 93 mrn). Corrala_

tion for t" - 2l and L = 95.3 mm.

PumpinS mcan efaclivc prcssur. as a function of
mcan piston spccd for scvcral natuaally aspirated
dicscl cndDca.
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:XnUo 11.8
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Kor e66 pnopo0pe vo npooeyyiooul,rs rcr onore.\6oyoro pe pro oydon Tnq popgRq

Mororins mep (kpir) = c, * la(r*-ll) * o.lS;

onou N or orpogdq/min xor So n pdorl royur4ro ep96^ou oe m/s.
H oroOepo C.,, noipver rq nopoxoro rrpdq:
75 kPa yro xv4r4po on'euoeioq ivxuonq
110 kPa vro pevotrou pey68ouq xrvqrilpo pe orpoprlogdropo
144 kPa yro l.trxpoU peyigouq xrv4rrlpo Us orpoBtlogolouo

>To :X.1 1.9 goivowor or onorqoerq brogopov nopelr6;levov rou Krvnrnpo oe royu.

Po$cr rcquircocntr for crginc fs& grdcfsaor, &d
DowcF tc.ntrg puap rypic.l of J.7-litcr cight.
cyliadcr cogiac.

:XnUo 11.9

1 1.5 Ainovo4 rcv4rr1pol

:ro :X. 11.10 goiveror To o0ornuo Ainovo4q evoq xrvqr4po Dl KorooKeunq KHD.
I Sump
2 Suction piF
I Lub. oil punp
4 Oil prcisurc co rol vdlE
5 Pr.ssur! pipc
6 Byp.ls pip. o. dtcrn.air!
7 Cooling coil or. alrcmrrir€ly:
8 Block,typc oil coolcr
9 Oil 6ltcr
l0 Srf.ty vdlt
ll Main oil Sdlcry
12 Main bcr.ing
ll Big cnd b.rring
14 Crlnshift bc.ring
15 T.p[Et (with rinirg grooE

to pulscJubric.t rocLr arn)
16 Pulh rod (houor,, u3.d.!

rock r arm oit fccd piF)
17 Roct r elrn bc.dng
It M.r.rin8 phg (to co'lr|ol

vrh! lubricrtion)
19 Push rod ducr (o!.d aj

cylindar-hard-to-craDlcaJa
oal rctum piF)

20 Sphsh holc to lubriqrc
timing 8.r.s

Lubrication sFtcm layout fo. air-coolcd Dl di€scl cngine. (Colrresy K lbckneFHumbotdt-Dcutz AG.l

Ixnpo 11.10

(1 1.4)
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Pistor coolinS no?zlc
oil piessurc g!ug. adagor
Oil prassur. g6ugc

Eagitl ryc.d, rlv/'ritr
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:Tov nivoKo 11.1 goivowor or lerToupvieq xor onorrqoetq nor6Tnroq rov lodttiv Unxovnq.

nivoKoq 1 1.1

Functiom rnd queliti€s requircd of eDgirc oils

Mdracd6
rql'ld wkt .l tt . ar.[d6 rq&tf

l,o$ cnouth vircodty to Providc good PunpiDg
aod svoid utrduc cratrti!8 r6irl|nca
Minimum vircolity without rilk of rlctsl-tcmctrl
contact urdcr thc vatyitrS coDditiotr of t.6p.t.tur!,
$cc4 and load
Sufficicntly high vircoriay 8t high tcmFislur6;
8ood lubric.tion ProFdy outridc thc hydtodyarnic
conditio& ..p.cidly rt top-€nilf,
Atltilcizurc proFrti.t, t Fcidly dudlf lhc

ruo-il pcriod

Mult protFt E.trllic lu.frcar ritrtt co.roriw
Eiion of fi&l drcompotitio! producrt (r.trt' SOr'
HBr, HO, ctc)
Mult r6irt dcgrr&tion (r..in oridrlio!' h.vG tood
thcrerl d.bility)
Mult countcract sction of fucl snd lubdent
dlcohpotitiod Product! rl hith tloF!.tutt '
6paciall), or| tpn'fcrrou! mclllr
By int.rvcntio[ in tbc friction m.cb.nitt! rnu

ttducc tha coBcqucocc! of uuvoidauc matd'to_

mctal conttcl
Mu.r .6kt dcpotit formrtiont whicb tould rfrac.t

lub.ication (dctc.tG[cy or dilpcFivc ac'tio!)

Must cont.ibutc to thc clitdtrrtiotr of dult snd oth'l
contrminsrts (dilFtsiYc .clioo)

Rcduca
frictionrl
ne stanca

During cold-lbtring

Eatscat! corFrod/
crsnbhsft bcrriags,
|nd joumak
Bctwc.n Pfuton3, rinSq
.!d cyliodctt

Protcct
alalllsl
corroion
rtrd wrat

Dudng thutio*n or
ehc,n runnilt st low
tcmpararurt

ID t|orEal lutttritlt

A$ist
i.aliot

lD thc ring zonc,
BFcidly at Tc

Must h.vc aufiicicnt vitcotity rt high tcmFratur6
.nd lo\rl volatility
Must limit ritg rnd lincl wctr
Must not conlibutc to formrtion of dcpositr in tioS

groov6 snd lnu3t prcvaat 3ucl forindtioo

Contributc
to cloling

Chicf,y of ptulonq
riog$ and con_rod
bcsrings

Murt h8v. good th.rmal ltability 8!d odd.tion
rcSSt8nCC

Must havc los' volrtilitY
Viscosity tnust not bc too high

FacilitBtc
thc .limination
of undcsiablc
product3

DurinB oil drrins to
aliminatc atmosphcric
dust, soot from di6cl
cnSinca, Pb 3alt3,

wcar dcbri!, orttnic
products from burDcd

fucl rnd lubricanta
and oihd conlaminrnts
which promotc
dcposits or acadcrata

Must bc ablc to maintairr in froc ausFmion all

rolid matcrial (dbpcFiYity) whstcvcr thc

tcmparatura ard physical and chamical condirion!
(watcr)
Mult b. lblc to solubilizc crnrin ortanic compoun&'
plnicularly hcavy oxidrlion pioduct!

Solrc.i From Schillhg
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:To :X.1 1 .1 I goivowor r(opn0leq E66ouq oov ouvoprnon rnq esppor(pooioq Yro Tlq

6rorgopeq xor4yopiaq lo6ttilv xorq SAE.

Vfucdity vcrsur tcmpcrelure curvca
illust..tint SAE lubric.tinS oil cl.s-
sification.

;XRUo 11.11

E

I

.t = SAE low
A=${850
C = SAE l0w3o
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