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Rules for the Calcularnion of Cransahalts lor Diesel Sy

l. Ceneral
l.l  Scope
These Rules for cStaining general asproval are to De applied for checking te sullicient
crarxshalts (or diesel engines [or maun propulsion and auxiliary purposes.

Diesel engires are to de 30 designed as 1o dDe capable of continuous operation it their rated power when

¢ running at rated speec.

Engines lor special appiications which cannot satisiy these Ruies will bu sudject to special consiceration |
detaile? Aaculatians or Measurements are sudmitted.

O 12 Fieid of application ’

These Rules apply to engimes with solid-{orged and semi-built cranksnafis of steel or gast steel with one
- crank Mrow detween twe Main Searings—

The Ruies co not acpiy to other types of crankanalts such as {ully-duilt cranksnalts or cranksmalis of noauiar
CAST iron, NOF 10 eNgiNEs Raving twe OF More CrANk TIrsws Detween two man Dedrings, for tose with cilset
pirs.

1J Caiculation princioles

' The dimensioning of cranwshalss is dased on the assumption that the fllle: ransitions Setwesn ine crankain
and wet a3 well a3 Setwesn the journal and wed are the areas with the Rignest stresses ane lor wrich &
caculation of the stresses s to De carried out.

The outlets of ail dores into Cranksins and journals are 1o De larmed in Jueh & way that the stresses 3t the
oil Seres are less than Nose in the fllen

D Qalculation ol crankamait mrengih consusts nitially of determining e mominal altermating dencing ane
s L romiral alternating torsional stresses which, multighied Dy the Appropriate Stress CONCENIIATION [AC13M8 using
the delormation hypothesus (ven Mises' Criterion), give a comparative altermatng stress. Tha camparitive
altermating stress i3 then campared wimth the latigue srength of the selected cranianalt material. Thu
cEmpar sen gives the soluticn to the question of sullicient dimensioning of a crankshals

It mus be ersured that the maximum stresses which may arise from unfavourable sperating conditions
within the service range are determined.

b LA ~culation dasa

In orzer to lacilitate the calculation of crankshalts (or the rated power At tne rated speed specilied By e
engine masiacturer, the documents and cata listed in the lollowing are to de sbdmitted (9 the Society any
listed v the appropriate (eem in addition to the documents regquired lor Jogroval in ACTerdance with e
Construction Rules: -

- grankaralt frawing

BOAASEE 334380

v dacbtor W K Mlyboowl Be v %0 -

wRIEh Must Cantain all data in respect of the geometrical contigurauen of the cranwsralt
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- type designation and kind af engine
(ineline engine or V-type engine with idjacent connecting racs, lsrked connecting rod or artigulared-
type cannecting roa)

~ operating and cambustion method
(Z-stroke or 4-stroke cycle/direct injection, precamoustion chamber, etc.)

« rumber of cylinders

- rated power (kW |

« rated engine speed [ 1/min|

- sense of rotation, see lig. |

« firing order with the respective ignition intervals and, where neceasary, Yeangle a,, see fig. L.

Fig. | Oesignation of o cylind =

« gylinger diameter [(mm]|
« mazimum gylinder pressure B (sarl
«  gharge air pressure  [Dar!
(belore inlet vaives cr' scavenge poris, wnichever agplies)
< maminal compression ratie | - |
«  gunnecting rod length L [mm |
«  escillating weignt of one crank gear (kg 3

(in case of Yetype engines, where necessary, Also lor the cylinger unit with master and articuiated.
type conneciing rod or lorked and inner connecting rod)

«  lor engines with articulated-type connecting rod, see fig. I
« distancs 1o link pount L, (mm]
« link angle o, (*]

+ gonnetting rod length L, (mm]

.r
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Wherever possidie:
Q « g8 pressure curve with values listed at eguicstant intervals [*CA - degrees of the retational
¢ angle of the cranksnalt |

limervals eguidistant and integrally divisidie By the Veangle, But ret less man 2,5 *CA for 1.
stroke nor § *CA lor &riroke cycie)

Cr, ¥ the gas-pressure curve has not deen Measures:

- mumummwcmm«Wtqu'CAmmmmo
T.0.C. a3 well as of the poiytropic expoment lor exgansion (where necessary, vp '8 ) exdenents
for ¢illerent manges &, & ANd &y) and campression ranges, see fig, J. :
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Fig. ) Details of combustion sequercs
'
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«  flor engires with articuiated-type cannecting rod
(aise the following datails for the Cylinger with articulated-type conneciing rod)
« manimum eyliraer pressure p (sar!
« gharge air presure [ bas |
(before iniet vaives o scavenge party, ehicnever applies)
« maminal com sression ratie | o |

o §AS presiure furve
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details of cranksnall mater.al
- material cesignation
(aczorging 1o CIN, ALS, etc.)
- mechanical properties of material
(minimum values odtained [rom Qu;imim test specimens)
The minimum requirements of the Society’s Rules lor Materials must have deen camplied with:
« tensile strengtn [ N/mm? | '
« yieid strength (N/mm? |
« reduction in area at dreak [ %]
= elengation A, (%]
« impact energy - KV (J]

method af material mellng jrocess
(open - hearth lurnace, elegiric furmace, etc.)
« type of lorging
({ree form lorges, grain llaw larges, &rop-lorged)
« heat treatment

wrisce reatment

(induction hardenes, Nitriced, chromized, rolled, 1hot peened, etc.)

particulars of the Alternaning 1orsional siremes, see (tam L

1 Calauation of nominal soresses ' > .

L1 Calcuiation of Alternating strwsses due to bunding moments and shearing forces
14 Asumptiors

The calculation is to De Based on 2 statically cetermined system, 30 1Nat aniy one nngie STane Wrew
consicered of which the [eurnals are Jupoorted in the centre of adjacent Dearings and which s sudjest 13 gas
and inertia forces. The Dending length s taken as the length between the twe man bearings (dutanee L ),

soe figures & to &
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Fig. § Crank twow al disc-type crankshals

The nominal ending Moment is taken a3 the Dending MOmeNnt i \Ne CTANK wed CrOsI-seciion At LN Micdie
umm&mmL‘)-mowmmmmuummm«.muwm
forces resuiting (rom the racial campenents of the cannecting rod larce.

™he nominal alternating stresses due to dending mements and shearing [orces are to de referred (9 the
cross-sectional drea of the crank wed, This relerence acea of cross-1ection resuits [rom the wed thitkness ¥
and the wed width B in the centre of the overiap of the pims or, ! appropriate, at the centre of the adjacent
generatriaes of the twe ping il they ¢o nat averlap, see ligure 7.

Neominal masn bending 1iresses are neglec ed.

L1 Cakulation of reminal alternating dending riresses

The faiguiation o carried out i SWEN & way, That the radial lorces " SETING UDEN the CTAAR Jin owing ta

-5-



IACS « ¥P/2 6.

gas anc inertia forces will de caicuiaies tor 31l rank pesitions within one werking cycie (smallest interval
1.3 *CA ter 1-stroke ang J°CA for Sestrome Zyclel From these individual values P., the highest pesitive
vaive P" (racial lorce presses down uoon the arirk) and the Rignest negative value P. ~ (racial lerce
pulls at the cfw) s taken ane he nominal alternating denaing lorce Py, oczuring during ene warking cycie
dete-m™inec Dy Means 3f eguation

.1
Pon * ° i * Py max * P5,min

By meansof ‘henominal alternating force 'lN and the assumgtions mace in L. l.) the ¢ecisive nominal alternating

bending moment will then be caicuiates

Maw ® ® i (Mg max * Ma,min)

ang, !rom the latter, the nemunal alternating Yenging sireas.
4]

- % 3
‘-..lN s - #— 107 -

ez

2

Y - -

In case of Votype eagines, the dending Toments » progrestively caicuiates {ram the gas and inertia lorces -
of the Two sylinders acTing on one CTank INrow Are suderposec acIarcing 19 phase, the dillering cesigns (forves
csnmeTiing *3¢. WtiCulated-type CannecTing ¢ of adjacent conneciing r3ds) Deing taxen INt3 acTsunt.

Where thers are cranns of dillerent geometrical u?nurm:‘w\ (e.g., asymmetric cranks) in one crankstals,
e salouiation s 19 cover all crank varants.

The caiculat: 30 of the neminal alternating shearing (orge and siress it as lallows:

Sy * ¢ i"qm'qmm’

. Sn
.QN.°T e
F bW .

where:
Pan [N] mominal alternating bending foree
Man [ Nm | nesunal alternating dending moment
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“an [N/mm® | neminal altermating Sending stress

v {mm? | equatarial mement of resistance relerted 10 cross-sesticnal drea of wed
Sy [N neminal alternating shearing lorce

®an [N/mme ] memiral aiternating “"f" due to shearing force

F [mm? ] area referred to crass-section of wed

213 Calcuation of al*srmating bending stresses in filless
The calcuiation of stresses s to De carrvied out ar the crankpin {illet as well as [or the journal {iliet.
For the crankgin fillet:

Sam * ey - Tan)

where:

*
Segu (N/mmT] alternating Sencing sess in Sankain fillet

[ 1 [ « | stress canceatratien lacisr for Sending in crankzin fille: (cetermination - see item 3)
2 g

Feor the journal fllen:

fac *2(8g  ean * Bg " Con)

where: .

Caz lu_lmmz | alternating ~tresses in journal lillet

l. [ « | sress cancentration factsr for bending in journal fillet (cetermination « see item 3
IQ [ = | sress conceatration facior lor shearing (cetermination - see item J)

22 Calculation of altermating torsional stresses
22 Geveral '

The calculation of the nominal aiternating torsional streases is to be performed by the engine manulacturer.

The agproval of an engine is to De Sased on 2 value Zetermined By the engine mamyiaciurer. Snly in the
absence of sueh a value will it be necessary lor the Society to include in the calculation a {izeg valve or &
vaiue {sund Dy ferces vidration calculation.

2. Calculation af nominal altermating torsional stresses

The alternating tsrgues are 10 De ascertained lor every mMass paint el the system and l3r the entire soeea
range 3y means of 3 harmonic synthesis ot the lorced v.arumu—!nm the zeru orcer J4p o 4t ledst (8 the
12:0 srcer, ¥hiist doing 30, allowarce must De made lor the campings that exist in the sysiem. T™he ssees
stages snall be selected in SuCh & way that the transient resgonse can be recorded with swullicient acsuracy.

7=
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The rominal alternating lorsional siress in every mdss Jeint, wnCh i3 essential to e assessment, resuis
trom ihe {cllowing eguation:

Mo 3
‘N &= g, 1{-]
P
Ny o : 7 Momes " Mrmin
. . L -
D -D D -0,
R - BH .3 3
" ™ n (T) or 'p 2 n. —U_s-) .

TN lN/mm2 | neminal alternating torsional stress referred I3 ¢rankpin or journal

nominal altermating orgue

L ¥
=
i
z
E

" (mm3 | poiar mement of resistance referred 1o cruss-secuonal area of dores cranpin or Seres
journal
~. MTmu' Memia EXtreme values of the torque with censiceration ¢f the Mean crove

To assess the crankshalt, that torsional stress is 10 De use? thatl, in Canjunction with the associates Jenmcing
stress, resuils in the Nighest comparative altermating stress as per item J. Whers Barrec speed ranges are
necessary, the torsional mresses within these ranges are 13 De neglectiec in the calculatien ¢! ne
esmparative allamaung mress.

Barres speec ranges are 10 De 30 arranged that satislaciory operation i3 possidie Cesdite MMeir exisisnce.
Thers ars to S no darred szeed ranges above a speec fatiz of A2 0,8 of the ratec speec.

The agoroval of cranksnalts 3 t0 de Based on the 'c.ns-.au:tm whigh gives the hignest Samparitive mreng:h
acsarcing o item 5 ang for the lowest salety factor acssreing item &,

Thus for each installation with a rigicly cougied engine, it it to De ensured Dy suiladie Caiculalisn hat the
- asproved nomiral altermating torsional stress is not exceeceZ. This calculatien & @ de sudmitted lar
assemsment.

In the case of installation with elastically coupled engines, it will sullice to caiculate he neminal
altermating tersicnal stress of the'system up to the primary part of the coupling only, provicec the csusing
liciently separates the engine from the machinery it is driving.

223 Calculation of alternating torsional stresses in fillexs
The calcuiation of stresses is 0 De carried cut [or the cranwgin {illet a3 well as [or the journal [ille,

For tne cranxpin lillet:
ty *f(0g: t )

wihere:

2
Ty [N/mm® | alternating torsional stress in cranxpin fiilet

[ « | stress csncentration facisr {or torsion in cranwpin lillet (ceterminaton « see (tem )

o=

For the jourmal !lillet:
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altzrmating torsional siress in ourna: fille:

stress concentration facier for taruon in journal lillet (cetermination - see ite™ »n

1 Calculation of stres conceroration Lacoey
3l Stress concentration {actors for Crank tirows without recessed [Ule=
il General

The calculation of the sress cenceantration facises is Dased on investigations Dy Forschungsversinigung

Versrennungakralimaschines (FYV) and wnich apely to selid-(orged cranxanalis ang 13 the crankpin fillets of
‘sermi-Suilt crankshali.

All cmank dimensions necessary {or the calulation of stress cancentration faciae are sown in figure 7.

i Fipesess
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Fig. 7

Crank dimensions necessary for the cculation of stress concentration laciors

Actual cimensions:

Cam

[ mm |
[ mm |
{mm |

[me |

[ mm |
[ mm |
[ mm |

[ mm |

{ mm |

[ mm |

{mm |

{ mm )

crankin c.ameter
diameter of Dore in erankdin
tillet radius of crankpin

recess of crankpin

journai diameter
diameter of dere in jeurnal
{illet racius of journal

recess of journal

pin eccentricity
pin overlao

0.0,
3-—-:-—-!

wed thickness

wed wigth
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The toliowing ~eiates dimensions will Se aopliec lor the caiculation of stress cencentration faciars

n
crankein filiets | journal fillets |

r s R,/D l r s Rg/C
s s S$D
« »w®
L) = B/D
dc = Oy
dy ® DSH/D
ty ® TH/C
g ® TCID

They are valid {ar tne ranges of reiate< dimensions for which the investigations have been carried out. They

are a3 loilows:

-3 s s s 07
62 £ v g 08
2 5 b 3 32
093 s r S 3813

0 s ¢ 5 03

0 =,¢, 5 03

Unisss alzermactive values are furnishes By reliatie measurements, the stress cancentr tion lacisrs “ave 2
be calcuiates by means of the lsllowing foermulae applicadle t2 wed-type cranksnalis oniy. Stress
concentration factors for ¢isc-type cranksnalls Live in any case 1o de establisheg and cetermined Dy tesis.

The stress cancentration faciar for Bending is defined as the ratio of the reference stress &'y - ocTuring 0
the filiets under benging oad acting in the central cross-section of a crank - t3 the nominal siress refesrec
to the wed Cross-secTion.

The relerencs smress c'v has 1o De determined [rom the princisal siresses c‘ and cz By means of the
eguation:

" = 2 2 et
GV-Yal oﬂz -G‘ ) s

The nomiral stress has 12 De determuned, {or web-type cranksralts, under the Dending morment in the micels
of the solic wes. For disc-type crankshalis, the mominal stress has to De sstablished under he dencing

mement occurring at the distance L. lrom tne disc centre line, see fig. &.
.

The stress concentration facisr for tersicn i3 Jelined as the ratio of the maximum torsional stress ocsurring
undes tarsional lcad in tne fiilets o the aeminal siress relerred to Ne borec crankpin ¢ journal cress-

seciien. The maximum torsicnal siress has 1o de cetermines irem

€'y -/C -

T g e—

v
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!2 Stes concertration {actor f{or Dending ‘n crankpin fillet

The stress cancentration {actar is calculates in aczsreance with the foilowing {ormula:

a.anz.‘!u'f(;,v)'!(v)’l(b)'f(r)'!(dcl'( )

\GH
where:

£ (s, wha = 0,1833 29,2006 " w - 77,5925 * w¥ o 91,9034 * w7 - 40,0016 * w* o (1) " (9,3000 - 33,3880 " w -
. 1993615 wl o 192,5806 " w0 « 82,2916 ° w*) o (1oa)? " (= 3,399 « 29,0048 * w - 76,3571 " wP .
. 17,0328 w0 - 39,1832 " w%)

§ tole a9 <SI
f (3) s 0,6850 - 0,3077 ° b - 6,173 " »2

-~

i) » 03081 * (- HSD

-

o3 Tl L
(ec) » 09993 « 0,27 " 4 - 1,8211 * &P + 0.3306 " €
1 (dy) = 0.9978 « 83183 " ¢y - 151 o 281878

1.1 Stres concentration facwor {or bending in journal lllet

The stress concentration {acisrs are calsulated in acsarcance with the [silowing {srmuiae:
" Sihd * 9 . .p o0 tox* 2 ‘g
L 2,748 ‘s (s, w) XB (w) ‘s » ‘s (#) 2 (‘:’ 3 (e,

where:

fa(s, w)s + L7625 « 29820 " w+ 1,5276w o (1-9)3,1169 - 3,8528 " w « 3,1391 " W) 4 (g - 20067 &
©2.3297 ' w-12992" wd)

fy (e 22022 o878

fg () = ,3616 - 01197 " b+ G176 8"

ty () » 1908 (= 3%63)

g (¢c) » 1,0012 - 06881 * dg o 1,2263-d,7

g (e = 1,2312 - 0,1903 " ¢y, + 0,073 " 0 °

SQ = 13,0123 IQ (2)° IQ (w)* ‘Q (%) ‘Q (e)* tQ (e

where:

fo (8) o 0,038  2.1636(10) - 1,5202:00-0)°

w
I Wy TR

-/ (-

ar
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lQ (B) 2 <00 3

i () s 89301 0.2338)

“-

faldy) » 09937 - LI "4 < LT3 cH:

J.1.4 Stes concentration factor for torsion in crankin fillet

The stress cancentration faciar is calculated in aczarcance with the folowing larmula:

e, » 0,93 (e, 0)" L (D)

T

where:
{ (r,s) o o 0332 4 610137 ()

¢ (8) s 7,8938 - 16,635 * 8 « 33682 " 57 . 0,857 *»°

3.1.5 Stress concentation factor for torsion in journal fillet
I tme diamescrs and fillet racii of crankpin and journal are the same, Than the stress doncentraten st ¢
for torsion in journal flllet i3 the same as in crunksin fillew:

8. = 6.
[} i

I srank=in anc jourmai diameters anc/or radii are of dillerent sizes, then e mress Cancentration {acier 3
calziiates with e {sllowing fsrmula:

g, = 0,923 L(r,8) " 1 (B)

where ! (r, 3) and ! (3) are 12 be determined in acsardancs with item 11§, Nowever, the racius ¢l the journal lillet
s 10 € referred 13 the journal diameter:

r s
B
1.2 Stress concentration factoes for Crank throws with recessed fillets
The stress conceatration faciors acplicable 1o cranx ihrows with recessed [iiles are cotained By multisiying

the stress cancentraticn factors [or Sending acIarding 1o item .12 ana J.L] by a recess lacior calculates
by e lollowing leemula:

{ = x-(:H-tc!'(l.S-}.Z's)
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where:

{ le} facisr ler the influence of recess

for ather parameters sa= item LI.L
The formula is valic i
t, € RL/O
te € R./C
and can be apolied within the range
-3 s 3 £ 03

All stress cancantration faciors acsarsing to item L1.2 and 3.1.J are 13 be muitidlied Dy the recess lacrer
even U only one {illet is recessec.

8, Additional bending stresses

In addizion to the altermating dending stresses in {illexs (see item 2.1.3) lurther dencing siresses cue 2
misalignment anc decplate ceformatian are I3 e considersd and adces a3 accilicnal denzing stresses as
given in the following TaSle:

Type of engive @ acd (N/mm? ]
Misalgnment Beaplate ceicrmaticn
2-stroke c < 1e
&mroxe - - 3

where:

O ed lN/mmzi acciticral siresses cue to misalignment anc/or decolate seformation

Further acsitional stresses are likely 19 occur in the filler as a result of bencing vidratiens ang ax.a.
visrations. " .

Bending vibrations reguire attention especially in the case of engine plants where the ratio of speec 2
natural dending frecuency of the “ilywhesi/end cranx system” is relatively high.

Where axial visrations are cancerned, those due 10 two types of excitation regquire atient.on:

The dominant excitation is due to the radial comoonents of the cannecting rod forces, which spread ine
crank throws and, whist doing 20, Cause 3xial variations in length and dencing stresses. Harmenid
components of these lorces, which excite an axial natural frequency of the sysiem, result in accitionai
bending stresses, which are not incluced in the alternating dending stress calculated in aczarcance with item
..

Axial vibration amplitudes are also likel; 10 coTur as a result of torsional vibrations where Twisting of the
individual Crank throws resuls inlengr) variations, waich ad¢ up 10 ampiitudes at Re {ree end which pulsate

at twice the {requency of the torsienal vidrations. o

Axial vidrations of e first Iype can Cause consicerable adciticnal forces i the cranksnalts of large two-
stroxe engines. Contrary to torsional vidratiens, there 18 at present no generally actesied methed of
calculation in use. Hewever, ifNis coes not exonerite the engine manulacturer {rom the respensiBility to
make azpreoriate calculatiens. ) =/2-

-
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5. Calculation of comparative alternating stress
3.0 General

The camparative alternating siress i3 10 De caiculates [or the cranksin lillet as well as for the journal lille:.

In this it & assumec that the maximum aiternaling Dencing stresses and maximum alternating tsrsicnal
stresses within 3 cranksnalt ocsur simuitanesusiy and at the same paint.

32 Comparative alternating stress

The comparative alternating stress is calcu.ated in acsardancs with the {srmuiae given,

For the cranikpin {illet:

e, 3{lc=Hoc“=)Jo3' ‘ZH

W

For the journal filles:

e, * ‘ﬁsc"mlz”' tie ‘

f
\
Faor thus calculation the deiermation Nygathes:s (ven Mises' Criterion) is to De use<.
where:

- i (N/mm?] comparative altermating stress

{or other sarameters see items 113, .23 and &,

Far the remaincer of the caic:lation (see item ?), the larger of the two values is o De used.

§. Calculation of fatigue sreng™ =
The fatigue sireng:™ is t3 De undersiood as that value of altermating bending stress wmich a crankshal: can
permanently withs:and at the most highly stressed points of the [illets.

ot

The allowabie fatigue streagsh for 2 cankshalt can de calculated by the following {ormula:

C ) A ) : 'o""z 783-:, 1% . =2
oy * K [e,82 05.19.3] 0,285 « 1,073 M - Rl J:‘;J
where:
Snw lN/mmzl allowadle fatigue streng:n of crankshalt
X [ « | factor for diflerent types of [orges and Cast crankshalts [or wnich no suriace treatment
is cone :
s 1,35 for grain llow forg=d or drop-{orged cranksnalts -
= 1,0 fer free lorm forged cranksnafts
s 0,9) (lor cast stesi cranksnalus
‘! '.N/mmzl mimmum tensile streng:n of cranxshalt material e

{or other parametssy see item 1.1,
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Where no resulis of the latigue tests cancuciezc on full e cranx throws of crankshalis which have Se=n
susjestes 13 suriace trsatment are availatie, the K-lacisrs [or Cranxsnalts without surlace reatment are

¢ De use<.
In each case the experimental values of fatigue sirengt® carmied out Wwith (Ul SIZ® <7Tafdk Araws of
crankshalss are sudjest 12 special consideration of each Society.

7. Calculation of shrink-{izs of semi-duilt crankchals
7. Ceneral

Al crank dimensions necessary {or the calculation of the shrink-{it are shown in figure &

‘._"Lcl
\
]

i
/n
’ ].\-wl\—
L0150—=| =~ 0

Fig. 3 Crank tirow of semi-built cranksha®t

where:

bs [mm ! sarinx ciameter

Ls {mm | length of shrink-[it

s] A [mm | ouisice diameter of wed

or
twice the minimum distance x Detwesn centre-line of journals anc ouier cIAtIur oi wes,

whichever is less

for other parameter see item 1.l

For the radius of the transition {rom the journal to the shrink diameter, the foilowing conditions must Se

maintaines:

The actiual oversize = of the shrink-{it must de within the limits T ara 2 calculates in acsarcance

min Mmax

with iteme 7.2 and 7.2,

-/l%

-
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72 Necesary mimimum oversize of shrink-{it

The necsIsary mMumimurm 2versile i§ Setermined Dy the greater value calculates in agzarcance with (lems

7.2.1 and 7.2.2.

721 The calculazion of the mimimum aversizez is 10 De carried out [or the Crank throw with the absaslute

correspones to the maximum value of e torcue ‘“?-na

maximum torgque Mm . The torgue M *

ax max
calculated as per item 1.2.2 for the various mass points of the crankshali. ~

b - .
2 B a1’ SR Mmax i 1-Q7, Q7

Tmn TR LBy by g.Qt, Ml -0

with
e % bs o
2 -n -
QA"S"\ ' QS' -5-5'. ks 023 for -5-5 8,40
where:
> [mm] minimum oversize
min
SR { -« 1 salery facter against sigping, however 2 value not less nan 2 is 10 De taken
Qa Qs [ - | ratioof diflerent ciameters
Y
1] { « ] ecseliicient lor static iriction
En [N/mm?) Young's moculus

722 In adgizicn to item 72.! the minumum oversiie S also 10 De calculates aczsrcing I3 e [silewing

fermula:
$.'D
z 2 _i__s
mun
m
where:
e (Nlmmz ] minimum yieid strength of material lor crank wed or journal whatever .3 less.

7.3 Maximum permissible oversize of shrink-[it
The maximum sermissidie oversize is calculated in acsarcance with ine [allowing {ormula.

LY ’ DS 0,8° OS
- s &
“max Em 1060

vhere:

- i H
P4 mmy maximym gversile
mazx ’ g

THhis condition serves 19 restrict the shrinkage induced mean stress in the lillew
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