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Determination of lifetime for railway carriages automatic coupler

SA -3

M. Daunys¥, D. Putnaité**

*Kaunas University of Technology, Kestucio 27, LT-44025 Kaunas, Lithuania, E-mail: Mykolas. Daunys@ktu.lt
**Kaunas University of Technology, Kestucio 27, LT-44025 Kaunas, Lithuania, E-mail: Donata. Putnaite@ktu.lt

1. Introduction

Railway is one of the main transport branches for
freight transportation and carriage of passengers. Traction
mechanisms connecting the carriages (i.e. automatic cou-
plers) are the parts of the main importance. The intensity of
freight transportation and carriage of passengers, economy
and safety depends on technical state of the mentioned
traction mechanisms [1].

During exploitation of automatic coupler stresses
are varying in very wide range and depend on weight and
speed of a train, railway relief [2]. The range of stress
variation is from a few tenths of proportional limit of its
material up to stresses exceeding proportional and yield
limits of the material. Furthermore, stresses are varying
nonregularly, i.e. nonstationary. Thus it is possible to de-
termine characteristics of stress variation for each particu-
lar case only directly measuring the forces acting on auto-
matic coupler. In such wide variation range the material of
automatic coupler experiences low cycle and high cycle
fatigue damage.

Low cycle fracture occurs because of accumu-
lated fatigue damage, characterized by elastic-plastic hys-
teresis loop and by quasistatic damage, characterized by
accumulated plastic strain in tension direction. The forces
acting on railway carriages automatic coupler are varying,
therefore this is stress limited low cycle loading, with
freely developing strain in tension direction, so quasistatic
and fatigue damages are accumulated.

2. Damage accumulation under stationary loading

Since performed experiments showed, that grade
20GL steel under stress limited low cycle loading accumu-
lates plastic strain in tension direction, consequently mate-
rial of automatic coupler accumulates low cycle quasistatic
and fatigue damage, under stresses above proportional
limit, and high cycle fatigue damage, under stresses below
proportional limit. Therefore total damage in the material
of automatic coupler should be determined by the depend-
ence
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where high cycle fatigue damage
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In Eq. (2) n; is the number of cycles under high cycle fa-
tigue loading at level i, N; is the number of cycles under

high cycle fatigue loading before crack initiation at this
same level.
Low cycle fatigue damage [3]
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and low cycle quasistatic damage
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In Egs. (3) and (4) and further in the text strains
are normalized to the strain of materials proportional limit,
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To evaluate the damage d, under stress limited

loading it is necessary for low cycle fatigue curve to calcu-
late the number of semicycles k , which characterizes only

fatigue damage. To determine the mentioned curve stress
limited loading would be analyzed as nonstationary strain
limited loading, where for the whole process of deforma-
tion up to crack initiation the following should be written

(3]
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where Zé'k is accumulated fatigue damage before crack
1

initiation under loading level with corresponding hysteresis
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loop ;; Zék is accumulated fatigue damage before
1

crack initiation under loading level with corresponding
hysteresis loop ¢, and etc.
From strain limited low cycle loading curve in

coordinates IgS, ~—lg k) the following was derived
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Applying coordinates Ige —Ilgk, it was derived
that gk = C, , where C; =2™ C,, and
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Inserting Eqgs. (6) and (7) into (5) and introducing
variable 1 -, /a, = a; we obtain
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Fig. 1 shows low cycle fatigue curves under stress
limited loading, taking into account fatigue damage ac-
cording to dependence (8). The curve / corresponds to
symmetric cycle and curve 2 — pulsating cycle.

Table 1 presents fatigue damage dy, quasistatic
damage dy and total damage d under symmetrical stress
limited loading. It is seen that at higher loading levels lar-
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Fig. 1 Low cycle curves of grade 20GL steel (3, 4) and
reduction of area (5); @ - experimental points for
symmetric cycle (R=-1); m - experimental points for
pulsating cycle (R=0), x - experimental points for
reduction of area

Table 1
Damage accumulation under symmetric stress limited loading
o;, MPa
Damage 410 385 362 335 315 295 275 255
dy 0.405 0.510 0.608 0.612 0.632 0.643 0.65 0.66
dx 0.689 0.637 0.443 0.388 0.356 0.337 0.288 0.263
d 1.09 1.148 1.051 1.000 0.988 0.98 0.938 0.923

ger is quasistatic damage, and at lower loading levels lar-
ger is fatigue damage. Mean value of total damage under
symmetric loading for the investigated levels isd =1.0148..

Fig. 2 shows how at symmetric loading varies fa-
tigue damage dy and quasistatic damage di as the number
of semicycles is varying from 1 up to fracture semicycle
ky. Damage values up to fracture semicycle are presented
in Table 1.
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Fig. 2 Damage variation at symmetric loading: —  fa-
tigue damage, _ _ _ _ quasistatic damage

Fig. 3 and 4 presents quasistatic and fatigue dam-
age variation at symmetric loading calculated by real width
of the hysteresis loop (dotted curve) and calculated by
mean width of the hysteresis loop (dashed curve). As it is
seen the more significant discrepancy between the curves
is at a small number of loading cycles. Furthermore, under
loading from 410 to 335 MPa larger is the damage calcu-
lated by real width of the hysteresis loop, but for lower
loading levels larger becomes the damage calculated by

mean width of the hysteresis loop. Total quasistatic dam-
age calculated by real width of the hysteresis loop is
dyx =0.425, and calculated by mean width of the hysteresis
loop is dx = 0.393. Total fatigue damage calculated by real
width of the hysteresis loop is dy = 0.59, and calculated by
mean width of the hysteresis loop is dy = 0.579.

Table 2 presents fatigue damage dy, quasistatic
damage di and total damage d under pulsating loading. It
is observable, that at higher loading levels larger is qua-
sistatic damage, and at lower loading levels larger is fa-
tigue damage. Mean value of total damage under pulsating
loading for the investigated levels is d =0.969.
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Fig. 3 Quasistatic damage variation at symmetric loading:
....... calculated by real width of the hysteresis
loop, — — _ _ calculated by mean width of the hys-
teresis loop
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Fig. 4 Fatigue damage variation at symmetric loading:
....... calculated by real width of the hysteresis  Fig. 5 Damage variation at pulsating loading: — fatigue
loop, — — _ _ calculated by mean width of the hys- damage, _ _ _ _ quasistatic damage
teresis loop
Table 2
Damage accumulation under pulsating stress limited loading
oMPa 1410 | 385 | 362 | 335 | 315 | 295 | 275 | 255
Damage
dy 0.305 0.439 0.472 0.541 0.568 0.61 0.714 0.817
dg 0.676 0.573 0.522 0.462 0.381 0.312 0.211 0.146
d 0.982 1.012 0.994 1.003 0.949 0.922 0.925 0.963

Fig. 5 shows how at pulsating loading varies fa-
tigue damage dy and quasistatic damage di as the number
of semicycles is varying from 1 up to fracture semicycle
ky. Damage values up to the fracture semicycle are pre-
sented in Table 2.
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Fig. 6 Quasistatic damage variation at pulsating loading:
....... calculated by real width of the hysteresis
loop, — — — _ calculated by mean width of the hys-
teresis loop

Fig. 6 and 7 shows quasistatic and fatigue damage
variation at pulsating loading calculated by real width of
the hysteresis loop (dotted curve) and calculated by mean
width of the hysteresis loop (dashed curve). As it is seen
the more significant discrepancy between the curves is
under a small number of loading cycles. Furthermore, un-
der loading 410 to 315 MPa larger is the damage calcu-
lated by real width of the hysteresis loop, but for lower
loading levels larger becomes the damage calculated by
mean width of the hysteresis loop. Total quasistatic dam-
age which was calculated by real width of the hysteresis

loop is dx=10.410, and calculated by mean width of the
hysteresis loop is dx = 0.442. Total fatigue damage calcu-
lated by real width of hysteresis hysteresis loop is
dy=0.558, and calculated by mean width of hysteresis
loop is dy = 0.520.

0.9

" S [
0.7 T T 1-410 MPa
' O F || 2-385 MPa
0.6 S~ 3-362 MPa
0.5 AL [T || 4335 MPa
04 é‘ g S — 5-315 MPa
0 3 6-295 MPa
' 2 7.275 MPa
0.2 I 8-255 MPa
0(')1 ez il
1 10 100 1000 10000 k 1000000

Fig. 7 Fatigue damage variation at pulsating loading:
....... calculated by real width of the hysteresis
loop, — — — — calculated by mean width of the hys-
teresis loop

The material of analyzed railway carriages auto-
matic coupler, i.e. grade 20GL steel, is nonsignificantly
cyclicallity softening (« =0.123), so earlier assumptions
were examined, regarding the application of stable hystere-
sis loop width, when calculating fatigue and quasistatic
damages by real width and mean width of the hysteresis
loop, determined by k, /2. After checking this for sym-

metric and pulsating loading cycles it was determined that
significantly smaller is the error of pulsating cycle, as so is
the automatic coupler loaded. The performed calculations
let us suppose that the used assumption gives small errors



of calculation, however the process of calculation is sig-
nificantly simplified in this case, furthermore, it is not
necessary to know loading history of the part, and is
enough to have stress levels and the number of loading
semicycles for each level.

3. Damage accumulation under nonstationary loading

During exploitation an automatic coupler is under
time dependent nonstationary loading. Therefore lifetime
calculations of mentioned coupler, having determined dur-
ing exploitation loading history, should be performed ac-
cording to earlier obtained dependencies for the calculation
of damage at stress concentration zones under nonstation-
ary loading [3]. Thus in the zones without concentration
the elements and parts involved are under nonstationary
loading due to external forces or semicycles, and in the
zones of concentration exists dual non-stationarity due to
redistribution of stresses and strains caused by concentrator
and because of nonstationarity of external loading.

In such cases when cyclically hardening or soften-
ing of material is nonsignificant it is possible to use simpli-
fied linear summation by cycles, do not taking into account
the variation of hysteresis loop and supposing that the later
does not depend on the number of semicycles. Therefore
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In Egs. (9) and (10): D, is stress state coefficient
evaluating the decrease of the material plasticity

D, = Vo -0, +(0,-0,) +(oy-0,)

‘ V2(o, +0,+0,)

(11)

where o,,0,,0; are principals stresses; i is the number of
loading levels, j is the number of loading blocks.

As for Eq. (9) material stability is valid, so for cy-
clically anisotropic materials, i.e. materials which accumu-
late plastic strain in tension direction, fatigue failure is
calculated according to hysteresis loops of 1st and 2nd
semicycles. So it is possible to perform the simplification
of Eq. (9) into Eq. (12).
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Damage due to plastic strain in tension direction
accumulated at the zones of concentration under nonsta-
tionary stress limited loading is calculated by the depend-
ence
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Commonly quasistatic damage because of accu-
mulated plastic strain in tension direction is calculated by
dependencies (13) and (14). Applying simplifications, used
for the calculation of fatigue damage, it is possible to cal-
culate quasistatic damage by dependence.

Cipky; = €1 ~ O +Jn (5;2 - 5;1)

Eipkz, = jn2(5i2 - gzl)

(15)



Table 3 presents low cycle fatigue damage (d ),

quasistatic fatigue damage (d, ) and static loading dam-

e

u

age [eo — %o j, which arises in null (initial) semicycle and

total low cycle fatigue damage (d) for one pulsating load-
ing cycle.

Table 3
Low cycle damage for one pulsating cycle
amage
EO EO

p n dN dK E d
MPa
376.2 | 3.7 |3.19%107 |4.78*%107 |5.58*107 |5.59*107
332 | 4.7 |1.83*%107 [3.08*107 |3.35%107 |3.35*1072
293 | 8.1 |1.15%107 |4.89*%10° [3.36*107 |3.38*107
254 [13.2]7.66*10° |1.17%10° [1.86*107* [1.95*10™
197 [22.6]4.74*10°° - - 4.74%10°°

Having stresses of automatic coupler loading lev-
els and the number of loading cycles for every level during
specific time interval (per haul, per year and etc.) accumu-
lated damage for that interval is calculated. According to
the number of cycles n (Table 3) presented in literature [4,
5] and stresses from literature [6] annual damage is

d =5.66-107 . High cycle fatigue damage due to stresses
from proportional limit o, =230 MPa up to fatigue limit

o, =192 MPa for symmetric cycle: d =5.67-107.

Fatigue limit is obtained by known ultimate
strength applying dependencies [7] and performing con-
version into pulsating cycle using Goodman diagram [8]

o,=(0.35+045)-0, (16)
o, =(0.65+0.75)- o, (17)

The results of calculation show that static over-
loads of automatic coupler, causing large quasistatic fail-
ures, are especially dangerous.

4. Conclusions

1. In order to determine crack initiation lifetime in
automatic coupler it is necessary to know exact loading
history, i.e. the sequence of loading levels, the number of
cycles for each level. It is possible to obtain such data only
by registering the variation of forces or strains in automatic
coupler during the specific trip. Consequently we propose
to perform general calculations do not taking into account
loading history, but using only specific levels and the
number of cycles therein, i.e. applying presented in litera-
ture statistically processed operation data.

2. The material of analyzed automatic coupler is
nonsignificantly (« =0.123) cyclically softening grade
20GL steel, therefore variation of accumulated fatigue and
quasistatic damage, depending on the number of loading
semicycles, showed that it is possible to calculate men-

tioned damages neglecting cyclic softening of the material
and performing calculations by the width of the hysteresis
loop at midpoint of lifetime within semicycle.

3. Taking into account the assumptions given in
conclusions 1 and 2, it is possible to calculate low cycle
fatigue, quasistatic damage, high cycle and static damage
at one cycle due to stresses at dangerous zones of auto-
matic coupler depending on loading level.

4. When stresses of automatic coupler, loading
levels and the number of loading cycles for every level are
known, during particular time interval (per haul, per year
and etc.) accumulated failure for that interval may be cal-
culated.

5. Calculation results presented in this paper
show, that static overloads of automatic coupler causing
large quasistatic failure are especially dangerous. There-
fore after train accidents, i.e. train’s carriages overturns,
derailments automatic couplers must be checked especially
thoroughly (i.e. it is necessary to perform expertise of
automatic coupler for the presence of residual strain or
cracks).
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GELEZINKELIO RIEDMENU AUTOMATINES
SANKABOS SA-3 ILGAAMZISKUMO NUSTATYMAS

Reziumé

Straipsnyje pateikta gelezinkelio riedmeny auto-
matinés sankabos ilgaamZiskumo analizé. Automatinés
sankabos apkrovimas laikui bégant kinta priklausomai nuo
traukinio sastato svorio, judéjimo greicio ir gelezinkelio
reljefo.

Apskaiciavus itempiy deformacijy btivi automati-
nés sankabos korpuse, nustatyta, kad automatiné sankaba



yra veikiama statiniy, mazacikliy kvazistaciniy ir nuovar-
gio pazeidimy, tai pat daugiacikliy pazeidimy. Todél au-
tomatinés sankabos ilgaamziSkumui apskai¢iuoti yra pasit-
lytos mazaciklio nestacionaraus minksto apkrovimo pri-
klausomybés, ivertinan¢ios mazaciklius kvazistacinius ir
nuovargio pazeidimus.

Daugiacikliams nuovargio pazeidimams jvertinti
sitiloma taikyti linijinj apkrovimo cikly skai¢iaus sumavi-
mo désni. Mazacikliams pazeidimams sumuoti pasiiilyta
skai¢iavimo metodika, {vertinanti vieno apkrovimo ciklo
sukeltus nuovargio ir kvazistacini pazeidimus, ivertinant
apkrovimo lygi ir ignoruojant cikly seka. Todél skaiCiuo-
jant automating sankabg biitina kiekvienu konkreciu atveju
nustatyti jos apkrovimo cikly skai¢iy kiekviename apkro-
vimo lygyje ir pagal anksCiau pateiktas priklausomybes
apskaiciuoti ilgaamziskuma.

M. Daunys, D. Putnaité

DETERMINATION OF LIFETIME FOR RAILWAY
CARRIAGES AUTOMATIC COUPLER SA-3

Summary

The paper presents lifetime analysis for railway
carriages automatic coupler. The loading of automatic
coupler, predetermined by the weight of a train, train speed
and railway relief, is time-dependent variable.

By the calculation of strain stress state in the body
of automatic coupler it was determined, that automatic
coupler is under static, low cycle and high cycle loading.
Therefore, to calculate lifetime of automatic coupler the
dependencies for low cycle nonstationary stress limited
loading, evaluating low cycle quasistatic and fatigue dam-
ages, has been proposed.

To evaluate high cycle fatigue damage a linear
law for the summation of loading cycles has been pro-
posed. For low cycle damage summation a calculation
method was proposed for the evaluation of fatigue and
quasistatic damages created at one loading cycle, taking
into account loading level and neglecting sequence of cy-
cles. Therefore, working on calculations of automatic cou-

10

pler for each specific case it is necessary to determine
number of loading cycles at each loading level and calcu-
late lifetime by presented in this work dependencies.

M. aynuc, 1. [lyrHaute

OITPEJEJIEHME JOJI'OBEYHOCTU ABTOCLEIIKN
CA-3 XKEJIE3HOJOPOXHOI'O ITOJABMXKXHOI'O
COCTABA

Pe3omMme

B craTthe mpuBeseH aHaiu3 JOJITOBEYHOCTH aBTO-
CLENKH >KEJIEe3HOJIOPOKHOIO MOJABIKHOTO cocraBa. Ha-
rpy3Ka aBTOCLENKH HOCUT CIIy4allHONIEPEMEHHBIN BO Bpe-
MEHH XapaKTep B 3aBUCUMOCTH OT BeCa JKEJIe3HOIOPOKHO-
TO COCTaBa, CKOPOCTH IBIDKEHHS M penbeda Kele3HOH
JIOPOTH,.

ITpu pacuere HanpspkeHHO — JepOPMUPOBAHHOTO
COCTOSIHHSI KOpITyCa aBTOCLENKH OBbLIO YCTAHOBJIEHO, YTO
aBTOCIIETIKA TOJBEPraeTcsl CTAaTUYECKUM, MAaJOIHKIOBBIM
KBa3WCTaTUUECKUM U YCTaJIOCTHBIM TOBPEXKACHUSAM, a
TaKkke MHOTOLIMKIIOBBIM TOBpeXAeHUsAM. llosTomy st
pacueTa JTOJTOBEYHOCTH ABTOCIHEHKU OBUIM IMPEIOKEHBI
3aBUCUMOCTH MAaJIOLIMKJIOBOTO HECTALMOHAPHOTO MSTKOTO
Harpy>kKeHus, YYUTHIBAIOIINE MAJOLIUKIOBbIE KBAa3UCTATU-
YECKUE U YCTAIOCTHBIEC MOBPEXKACHHUS.

Jnst  OLEHKM MHOTOIMKIOBBIX IOBPEXICHUN
MIPEUIO’KEH 3aKOH JIMHEHHOTO CYMMHUPOBAHUS YHCIA IIHK-
JIOB HArpyXeHus. st cyMHpOBaHMS MaJOIMKIOBBIX II0-
BPEeXXICHUIN MpenyokKeHa METOAWKa, OIEHHMBAOUIas ycTa-
JIOCTHBIE M KBa3UCTaTWYECKHE MOBPEKICHUS, CO3JaHBIC
OJTHUM LIMKJIOM Harpy3KH{, YYUTBHIBAIOLIAsl YPOBHH HArpys-
KU ¥ WUTHOpPHUPYIOLIAas IMOCJIEN0BATeNbHOCTh IUKIOB. [lo-
9TOMY TPHU pacueTe aBTOCLENKH, B KaKIOM KOHKPETHOM
cirydae HeOOXOIMMO ONPENCITHUTh YUCIO ITUKIOB Ha KaX-
JIOM YpPOBHE HATPYXKCHHUS H, IMOJIE3YSICh B pabOTE BBIIIE
MPUBEACHHBIMU 3aBHCHUMOCTSIMH, PAacCUUTATh JIOJITOBEY-
HOCTb.
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