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STRESSES IN HOLLOW AXLES WITH ELLYPTICAL CRAC KS
UNDER ROTATING BENDING

This paper presents a model for the calculationarhinal stresses (not talking into account stress
concentrations) in characteristic points of a fatigcrack on the surface of a hollow axle under tintp
bending. A study of fractographical evidence offarsexplanation for the decline of crack growthespe
in the centre of the crack, thus changing its gadoad shape. The results of the study facilitate t
calculation of the strength of hollow axles emptbyre transport, as well as in industrial equipmevith
long service life.
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Introduction. Macrofractographical studies of surface fatigugcks show that during their growth they
endure a series of changes. For example, for aide$ under rotating bending, in the initial stagéthe crack,
when its depth is under Oy@m, the nominal stresses along the crack are guitdar, thus advancing at the
same placénto the material, taking a semicircular shape.eAfards, crack growth speed at the ends of the
crack increases, taking an elliptical form, and stimes even becoming straight-lined [1].

As a result of the study of the geometrical streraitaracteristics of the section of a hollow axheler
rotating bending with a straight crack, severallital equations were obtained, relating the atlength with
its wall thickness and crack size [2, 3]. Theseuwatkions showed axle endurance dramatically dwaipsn its
diameter ratio surpasses a certain vatye d/D> 0,75 (fig. 1).

Cracks deeper than 25.mm take an elliptical shape and its geometritalracteristics (axia andb)
have been analytically defined [4, 5]. The centfethe ellipse (pointE) is considered to lie on the crack
initiation point, thus making it not possible tdffilithe known condition of perpendicularity ofehcrack end to
the axle surface [6].

Figure 1 — Section of a hollow axle with a surfadiptical Figure 2 — Results of crack model placed on a
crack fractograph of a fractured railway axle

These inaccuracies observed in crack models leatbvier exactness in calculations used for the
prediction of crack growth in hollow axles. It iserefore more difficult to estimate the residutd bf machine
parts in machinery with a long expected life, agadmsport, energy, metallurgy, etc.

Problem exposition. Observing the section of a hollow axle with a eimferential surface elliptical

crack (fig. 1), the crack’s growth under rotatingnding is limited to the point when it breaks itbe inner
surface

b<c-05d. (1)
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Problem’s aimis to build an analytical model for the calculatishnominal stresses in the characteristic
points of the crack front, as well as to study thlnough dimensionless strength characteristich@fhollow
axle.

Solution. The characteristics of a hollow axle with a crésémiaxisa, b, positionc of pointE, angled,
fig. 1) correspond to a growing crack observedactbgraphs of fractured axles, hollow and solid.

Assuming that the centre of the ellipse (p&ihstays on the axle surface<(D/2), the relative axisb is
defined as

b=b/D=¢/n . 2)
The relative length of the second semiaxis canealsbe defined as function af [4]

1—(3 &ﬂﬂ_% . 3)

2 0

a _sing

2

a=

The geometrical model proposed by (2) and (3) sm¢satisfy the known condition of perpendicularity
of the surface ends with the axle surface [6], Whian be solved by defining the ordinates a function

c($)>D/2. From (3), new values for the semiais and © can be obtained, which will satisfy the ellipse

2 2
equation (%) +(Z—Zj =1 in the system of ax®Y"Z", as
a
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The calculation of geometrical characteristicshaf axle strength with a crack under rotating begdsn
carried out in the following manner:

A=nD*(1-k?)/ 4— D’D,(¢)/8—- abb,(5)/2, (5)

(4)

whereA — the area of cross sectio®,(0) — auxiliary function
@,(8)=nd — sinfd), nIN; (6)
N — natural number.
For the definition of the areA the argumenti in equation (6) takes the values of angll®r angle

6= arccoEZE_—EO?‘p] .
2b

It is considered that the bending mombhtstays on the vertical plane. The symmetry &isturns an
arbitrary value of anglgto its new positio©Y" (fig. 1).
The relative ordinate of the centre of gravity lod areaA can be represented as
o _2_ (1-8ab)sirf ¢ +6abeD, (5)
€ 3 2n(1-k)-@,(¢p) - 4abd,(3)

The moments of inertia related to the rotating & andOY" are carried out in the following manner:

)

|, =nD* 1-k)/64-D* @ ,(¢)/ 256~ ab® ® ,(5)/16-abc® d, (5)/2+4ab’csin®5/3, (8)
l,» =7D* A-k?)/64-D* ® ,(¢)/256-a%b®,(5)/16+ D*sin’5/24. 9)
The moments of inertia related to the a@& andOZ can be calculated thus:
| =1 cosp)? + (I siny)? (10)
I, =1, - y3 A, (11)
And from the exposed equations (3) — (11) the madments of inertia can be expressed as
Iz =k, Ozo, (12)
ly» =k, Oy, (13)
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where 1,5=1yg= nD4(1—kr‘1‘)/64 — own moment of inertia of cross section of théldwe axle, prior to the
crack.

The proportional coefficientk,, k, in (12) and (13) characterize the decrease of thm Mmoments of
inertia of the axle section during the crack groiy. 3). Lines 1, 2 and 4 do not go beyand 30° because of
condition (1).
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Figure 3 — Plots of functiorig(¢) (z) andk,(¢) (b) (lines correspond to: 1k;=0,8; 2 —k,=0,7;, 3 —k,=0,6;
4 — axle withk,=0,7 and flat crack [2])

The analysis of these graphs show that the charatithe axle deformation changes during the crack
growth: bending becomes eccentric and the loadsiagjric, and therefore the characteristics of tecvary.
If until the crack appears the mean value of st#®ssy,=0 and its asymmetry coefficieri® = -1, for the
cracked axle this coefficierR grows (staying negative). Calculations show, tluaitdifferent points of the
elliptical crack front the value @& differs — being higher in poins andB than in the centré®.

For the study of the relative nominal maximum stessin characteristic points of the elliptical &réront
the following expressions have been used:

sp=SA=Yaflzo o 2YeCOY FCOY A

(2} IZ D IZ
sp=0p-Ye2lzo | P0c*CDb)iCoy (15)
oo IZ D IZ

Based on the graphs for functions (14) and (15)ftflewing can be observed about the kinetics of
surface crack growth.
Under rotating bending the crack opens and closg®dically. When it is closed (i.e. when it goes

through the lower half of the axle, fig. 1), its ments of inertia increase up tgq =1y, which correspond to

the crackles section. The analysis of the procéssazrk growth show that when the crack goes thnotng
values 4 <y<¢ all points on its surface reach their maximunueal(fig. 5).

As the axle rotates clockwise from its initial gasi (y=0) point4 goes through its highest position,
where its stress attain its maximum value, andssé® in point® andB decreases (fig. 1). Once gone through
the lower side of the axle, poiBtgoes as well through its highest position, wheadtains its maximum stress.
Calculations show that for axles with a diametéioraf k, =0,75...0,80 the nominal stresses for poidtandB
for a crack with size =30° grows up to 16...2% as compared with the crackles axle. Maximum sg®#n
pointsA andB (symmetrical points) are a ¥8 higher than in poirf®, and 40% when % =60°.

As a result of the exposed analysis it can be datiticat, the longer the crack front line, the mibwee
stresses in the centre and ends of the crack diffés leads to the higher crack growth speed éncitack ends
as compared to the centre, and therefore to itefimg.
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Figure 4 — Graphs of functiors 5 (¢) (¢) and 65 (@) (b) (lines correspond to: 1k;=0,7; 2 4, =0,5; 3 -k, =0)
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Figure 5 — Relative maximum stresses in the ellpticack front characteristic points under rotation
with k,=0,6 beingp =15° @) andd =30° p)
(lines correspond to points: 1 — poB)t2 — pointA, 3 — pointP, line 4 correspond to the flat crack [2])

Conclusions

1. The developed model for the calculation of nahistresses (not taking into account stress
concentrations) in points of elliptical fatigue cka in hollow axles under rotating bending stressesble to
complete the analysis of fracture kinetics andifglahe parameters of the cyclical stress variaidor the
calculation of fatigue strength of hollow axles.

2. The peculiarities of the variation of cyclicdatesses for axles with elliptical cracks under tiata
bending is established — the decrease of the moofenértial, leads to a decrease of stress in the deepest area
of the crack (poinP).

3. The proposed model and analytical method, basedimensionless relative characteristics of hollow
axle strength provide a way to the study of fraetkinetics in axles for transport machinery, metajly, energy,
etc. calculated for long service life.

4. The exposed model can be further developed kigiganto account the influence of loads, kind of
stress concentrations, material properties, andrddctors into the geometrical characteristicshef growing
crack, which implies an analysis and extensioretefwant fractographs.
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I'yreips C.C., Xom'sik FO.M., Mon Apiza ge Mireab. Hanpy:keHHsi y Tpy6uacTux ocsix 3 yTOMHHMH
eJTINTHYHUMH TPIllIMHAMH NPH 3TUHI 3 00epTaHHAM

3anpornoHoBaHa aHANITHYHA MOIENb Ul PO3PAaXyHKYy HOMIHANbHHX HampykeHb (0e3 BpaxyBaHHs
KOHIICHTpaLii) y XapakTepHHX TOYKAX I[TOBEPXHEBOI YTOMHOI TpIilIMHM sl TpyO4acToi oci mpu 3ruHi 3
obeprannsiM. Ha mincraBi ¢dpaxrorpadiuHOro aHaiizy KIHETHMKHM TPIIIMH BCTAaHOBJICHI NPHYMHHU 3HHUKEHHS
MIBUAKOCTI IX TOIIMPEHHS Yy LEHTpl W 3MiHM reomerpuuHoi ¢opmu. PesynbraTi AOCHIIKEHb JO3BOJISIOTH
YTOYHHUTH PO3PaXyHKH Ha yTOMHY MIIHICTh TPYOUYacTUX OceH y CKJaJi TPAaHCIIOPTHUX MAILUH, EHEPreTUYHOTO,
METaypTiHHOTO ¥ iH. yCTaTKYBaHHS i3 TPUBAJINM CTPOKOM €KCILTyaTarlii.

Ku1ro4oBi ci10Ba: reoMeTpHUHiI XapaKTEPUCTUKH MIITHOCTI, (ppakrorpamu, KiHeTHKa pyHHYBaHHS.

I'yreipsi C.C., Xomsik FO.M., Mion Apu3a ne Mureas. HanpsikeHusi B TPyOUATBIX 0CSX € YCTAJOCTHBIMH
IMNTHYECKUMH TPeUIMHAMY NP U3rude ¢ BpauieHnemM

Ipemnoxkena aHamTUTHYECKass MOJENb JJIsl pacyeTa HOMMHAIBHBIX HampsbkeHuit (0e3  ydera
KOHIICHTPAIMH) B XapAKTEPHBIX TOYKAX MOBEPXHOCTHON YCTAIOCTHOMN TPEIIMHBI T TPyOUaToit ocu npu usrude
¢ BpamieHueMm. Ha ocHoBaHum (pakrorpauyeckoro aHajin3a KHHETUKH TPCIIUH YCTAHOBIICHBI MPUYUHBI
CHIDKCHHSI CKOPOCTH HMX PacCIpPOCTPAaHCHHs B IICHTPE M HM3MCHCHUS TeoMeTpuucckod (opmbl. PesymbraTs
UCCIICIOBAaHUN TMO3BOJISIOT YTOYHHUTH PACUEThl HA YCTAIOCTHYHK) IPOYHOCTh TPYOYaThIX OCEed B COCTaBe
TPAHCHOPTHBIX MAIIWH, YHEPTeTUYECKOT0, METALIYPTHIECKOTO M JIp. 00OpYIOBAHHSA C UIUTCIHHBIM CPOKOM
SKCIUTyaTaIuH.

KiaroueBble c¢0Ba: TEOMETPHUECKHE XapaKTEPUCTUKU MPOYHOCTH, (PAKTOTPaMMBI, KHHETHKA
pa3pymeHus.
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