SCIENCE AND ENGINEERING

VK 629.42:620.178

Maesen FIPUTOPLEB

Pavel S. GRIGORIEV

Assessment of Locomotive Service Life
Based on Evaluation of Fatigue Strength
(TekcT cTartbu Ha aHI1. 3. — English text of
the article — p. 76)

Ha ocHoBe npumeHeHHOro nogxoaa
Obl/1 OUeHeH OPUEeHTUPOBOYHbIN

CPOK C/1yX6bl MAaHEBPOBOIro
nokomoTuBa TrK2 Ha npumepe
pacyeta Hecywen getaan. Ucrnonb3ys
AaHHble O exxecyTo4yHOM ripobere,
Obls1a NOCTPOEHa 3aBUCUMOCTb,
noka3biBawLjass KAK UHTEHCUBHOCTb
JKcnsyartaunn JIOKOMOTUBa OKa3biBaeT
BAINSIHUE Ha ero paboTocrnoco6HOCTb,
BpemMsi QYHKLMOHa/IbHOU rOTOBHOCTHU
A0 BOBHUKHOBEHUS B Hecyl.ueﬁ
KOHCTPYKLUWU YCTaJIOCTHbIX
noBpe>XxaeHni.

KntoyeBsie cosa: xenesHas 4opora,
MaHeBpPOBbIVi IOKOMOTHB, CPOK CJ1yXObl,
HecylLLas KOHCTPYKLMS, yCTa0CTHas!
MPOYHOCTb, OCTATOYHbIV PECYPC.
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HAYKA 1 TEXHWKA

Cpok cny>x0bl TIOKOMOTHBA
C YY4€TOM OL,eHKWN YCTaNIOCTHOMN
NPO4YHOCTU

Ipucopves Ilasea Cepeeesun — acnupanm Kagedpsi
«Inekmponoesoa u 10Komomuesl» Mockoeckozo
20cydapcmeenHHo20 yHueepcumema nymeii coooujeHus
(MHUHT), Mockea, Poccus.

PAHCIIOPTHBIE 1IEXU TTPOMBITIUIEHHBIX

MPEaNPUSATUIl OOBIYHO pacriojiaraloT

TMOABUKHBIM COCTABOM C ITTUTEIHHBIM
CPOKOM 3KCIUTyaTallul, HO B CBSI3U C HEAOT-
PY3KOVi MPOU3BOJCTBEHHBIX MPOLIECCOB ATOT
MOJBUXKHOI COCTaB yallle BCEro MUMeeT HU3-
KyI0 MHTEHCUBHOCTH UCITOIb30BaHusI. [103-
TOMY €T0 COOCTBEHHUKU HE CTPEMSITCS K 00-
HOBJIEHUIO CYIIECTBYIOLIETO MapkKa, a JUIllb
HILLYT CITOCOOBI e111€ 00JIbIIe MPOITUTh CPOKU
CJIyXXObI TEXHUKH.

EcTbh HEMaJIO MprUeMOB pacyeTHOH OlLIeH-
KU MPOJOJIXKUTEIbHOCTU CPOKA CIYXKOBI.
OOBIYHO OHM TIEPeTrpPyXeHbl CIOXHBIMU
BBIUMCJIEHUSIMU, TPEOYIOIIMMU OOJIBIIIOTO
obbema ucxoaHoi nuHpopmauuu. B kauect-
BE MpUMepa MOXHO 00paTUThCs K padore [1],
r7ie B COOTBETCTBUU ¢ EBpormeiickum crtaH-
naprom EN13749, u ¢ HeMaJibIMu 3aTpaTa-
MU TPYJOBBIX PeCYPCOB BBITIOJTHEHA OLIEHKA
COMPOTUBJIEHUIO YCTAIOCTU HECYIIIETO y3Ja
JIOKOMOTHBA.

YT1006bl 001€TUYUTH pellleHue MOA00HOMI
3a1a4, XKeaaTeJIbHO UMETh METO/T 9KCIIpecce-
OLIEHKM OCTaTOYHOTO pecypca HECYIIUX Y3JI0B
MOJBUXHOTO COCTaBa.

B pa6orte [2] npuBeneHbl pe3yJibTaThl pac-
YeTOB HampskeHHO-1e(DOPMUPOBAHHOTO
COCTOSIHUSI HeCyIlleil paMbl MAaHEBPOBOTO



nokomotuBa TI'K2. bblia moctpoeHa reome-
TpUYECKask MOJEb C UCMOJb30BAHUEM IPO-
rpamMmMmHoro komruiekca SolidWorks. B coot-
BETCTBUU C TPEOOBAHUSIMU ACUCTBYIOLIUX
HOpM [3] paMa JIOKOMOTHBA PACCUYNUTHIBAJIACH
Ha BO3JEUCTBUE CAEAYIOIINX HArPy30K:

a) BepTUKAJIbHON CTaTUYECKOIA;

0) IMHAMUYECKOUN BEepPTUKAIbHOM, OIpe-
JIeJIEHHOW YMHOXEHHUEeM CHUJIbI TSKeCTU 00-
peccopeHHoI Macchl Ha KO3 MULIMEHT Bep-
TUKAJIbHOU AUHAMUKU (IIO OIBITY PacyeToB
¥ UCTIBITAHWI OH OBUT IPUHAT paBHBIM 0,4);

B) TMHAMUYECKOW MPOJOJbHON CHUJIBI,
OIpeaeIeHHON YMHOXEHUEM CUJIBI TSKECTU
o0peccopeHHOI Macchl Ha KO3(pHULIMEHT
TOPU30HTATBHON TMHAMUKU; TIPY 3TOM UHEP-
1111 BpAILAIOIIUXCS YaCTel COrIaCHO HOpMaM
OlLIEHMBAJIACh C YYETOM YBEJIMYECHUST 0Opec-
COpeHHOI Macchl Tesiexkku Ha 40% [ 3], koad-
(pUIIMEeHT TOPU3OHTAIBHONM TUHAMUKU MPU-
HAT paBHBIM 0,4;

I) TOPU3OHTAIBHON PaMHOW CUJIbI MpU
JIBUKEHUU B TIPSIMOM y4JacTKe MyTH (B pacue-
Te — 7,2 TC);

) MPU TPOTAHUU C MAKCUMAJIbHOM CUJTON
taru 10,5 Tc;

€) npu JIuTenbHo Tsre (7,2 Tc);

K) MPU COYITapEHUU C yCKOpeHUeM 3 g.

Pacuet yuntsiBazi aBa pexuma [2]:

a) pexXuM | — BKITIOUAIOIIWIA HaTpyKEeHUE
CWJIaMU TSKECTU OpYyTTO U MaKCUMaJbHOU
CWJIOW TSTU MTPY TPOTAHUU IOKOMOTHBA C Me-
CcTa;

0) pexxuM 2 — oTpaxkaloluii BO3aeicTBre
Harpy3o0K, BO3HUKAIOIIUX MPU IBUXKEHUU
C KOHCTPYKIIMOHHOW CKOPOCTHIO.

TIpoBeneHHBIE pacyeThl IJIaBHOW paMbl
TEII0BO3a MO3BOJIWIN CAEIaTh BBIBOJ, UTO
OHa B 1IeJIOM 00J1a1aeT 10CTaTOYHOM MPOYHO-
CTbIO U CONPOTUBJIEHUEM ycTanocTu. Koag-
(u1MeHTHI 3amaca CONMPOTUBICHUST YCTAIO-
CTU — HE MeHee 2.

Llenecoobpa3HbIM TPeACTaBISIIOCH BbI-
MOJIHATh MOJOOHBIN pacyeT ¢ y4eToM Mpoode-
ra JOKOMOTHMBA, COOTBETCTBYIOIIETO €0
cpeaHecyToUHOMY 3HaueHuto. [1o cpeaHecy-
TOYHOMY MTPOOETy MOXHO OMPEAECTUTh YUCTIO
LIUKJIOB TMHAMWYECKUX BO3ACHCTBUI HA He-
cyluit y3ea. OTo yucio 0epeT BO BHUMaHUE
BO3AeiCcTBUE HAUOOIbIIUX AMHAMUYECKUX
Harpy3ok. EcTecTBeHHO, YTO OHM OyAyT BO3-
HUKATh MPU MPOXOAE MOJBUKHBIM COCTABOM
CTBIKOBBIX HepoBHOCTell mmyTu. O603HaAUUM
CpeIHEeCYTOUHBII poOer /, a MpUHUMAaEeMYO
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B pacyeTax JJIMHY PeJIbCOBOro 3BEHa
Lp=12,5 M. Torma cyTouHoe YuCI0 LIMKIOB
OyJeT COCTaBISITh

v=L,

P

aBrom —

N =L o365
I

rox
p

AMITIUTY Iy IMHAMWIECKIX BO3ICHCTBUIA
OIpPEeIEIUM, BOCIIOJb30BABIINCH MOHATUEM
ko3 puiMeHTa BepTUKAIHLHONW JUHAMUKH,
KOTOpBIN corylacHO HopMmaM [3] HaxomuTcst

o hopmyre:
K =(M_0’007).\/_ .

iy
cT

rie f, — CTaTMYeCKuii Mporud, M; v — KOH-
CTPYKIIMOHHAsI CKOPOCTh, M/C.

Kpome Toro, He0OX0AMMO 3HATh CTATUYE-
CKYIO Harpy3Ky, PUXOISIIYIOCST Ha paccMma-

Yucno umknos 3a rog,

L_cytku := 45000, 50000 .. 200000
L pennca:= 12.5

I
N _neus(L_cyTku) := YT
L_pensca
L_cyTtku
N roa(L_cyTtkm) := ———-365
L pensca
KoadhduumeHT amHaMmuku
Eexn:="006
v_km = 35
v_km- 1000
Vi= —
3600

0.006
K= | —— — 0.007 |+fv
Fer

Kn=0.29

Puc. 1. Yucno unknos 3a roa. Bug nporpammesl,
peanusoBaHHoli B cpeae MathCad.
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me="8
MW

YnCno LUMKNOB A0 pa3pyLUEHUS
(or_Ere= 795

o r:=0 ct+ o cr-Kg= 102.553

o 1:= 280
Blen=1044%
Ik era= 1LY
olp o
pryEea o o= T - guge
nporpamMmsl, peasin308aHHON k_O'

B cpege MathCad. - o cr— O'_CT-K:[ 055
MW o cr+ o crKa
N 6:= 10
dhe= 0.3
N6

TpUBaeMBbIii HeCcylnii y3ei1. B opueHTHpoBOY-
HBIX pacyeTax YCTaJJOCTHOM MPOYHOCTH
MOXHO BOCIIOJIb30BaThCs (POPMYJI0ii, B3SITOI
us [4]:

N,

N= 6 5
m

(o2
fz-[(l—R)+y/-(1+R)]

%9

TIe N6 — 0a30BOE YKCIIO IMKIIOB A0 pa3pylie-
Hus, paBHoe 107;

N — 9mCII0 IUMKIIOB paOOTHI AETAJIM 10 pa3-
PYLIEHMNST,;

G, — MAKCUMaJIbHbIE HANIPSKEHUS LIMKJIa
CYMMMPOBaHMs HANpsKEHUIA OT cTaTuye-
CKOI Harpy3Ku (CpeIHue HaIPSDKEHUST K-
J1a) ¢ AMHAMUYECKUMU HAMIPSIKEHUSIMU

or
o_A

3

= 1334 x 10°

m
(L~ R+ (1 + R)]}

Cpok cnyx0bl, net

N
L cyTtku

J(L_cyTkn) =

365
L pensca

o-r=0'CT-(1+KH);

G, — Tpeles YCTATOCTHOW NPOYHOCTH
JIeTaJIv, KOTOPBIN OTIPENEISIeTCST KaK Mpeest
YCTaJIO0CTU G | 00pasua, U3roTOBJIEHHOIO
W3 MaTepuaia IeTaiu, ¢ yuetom koaddumm-
eHTa KOoHIeHTpauuu K u Koa(ddunmmrenra
BIUSTHUST (DOPMBI JETAJIA HA TIPENIET YCTalo-
cTH;

R — x03(hOUTMEHT acCUMMETPUN TTUKIIA:

o _-(1-K )
__cr i
b

Ot -(1+ KI[ )

Y — KO3(p(PUIIMEHT YyBCTBUTEIbHOCTU
Marepuajia K aCUMMETPUM HarpyKeHUsI;

m — 10Ka3aTeJIb CTEIIeHU KPUBOIA yCTaI0-
CTH.

® MWP TPAHCIMOPTA, Tom 13, N2 4, C. 72-78 (2015)

Ipuropbee I1. C. Cpok CnyXG6bl IOKOMOTUBA C Y4€TOM OLLEHKN YCTaslOCTHON MPOYHOCTU



101.54

Puc. 3. paguk
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YucaoBbie 3HAYCHUS BEJTUYMH 3aMMCTBO-
BaHbBI U3 IIpUMepa pacyera Ha yCTaJIOCTh paMbl
JIOKOMOTHUBA, TPUBEJAECHHBIX B [5].

CpoK c1y>kObI B TOJIaX HAXOAUTCS 1O (POp-
MyJIe:

N

-
N

ron

B cpene MathCad Owlta cocTaBiieHa
nmporpamMma, peajan3yoolnasi pacCCMOTPEH-
HbIi aJITOPUTM pacueTa, OHa IIpeacTaBjieHa
Ha puc. 1 n 2.

OTpakeHHbBIe Ha rpaduke pe3yabTaThl
pacueToB, B KOTOPBIX (pUrypupoBajaa pama
MaHEBPOBOTO JJOKOMOTHBA — 0a30Bblii He-
CYIIMIA y3eJ1, a 3aTeM OINPeAeISIUCh 3aBU-
CUMOCTH CPOKa CJIyXOBI JIOKOMOTHUBA (Te-
IJIOBO3a) OT €XECYTOYHOIo ero rmpobera,
noKa3aHbl Ha puc. 3.

ITo pesynbraTam pacueta (puc. 1) BUmHO,
4YTO IPU CPEIHEM €XEeCyTOUHOM mpobere
snokomoTtuBa 200 KM CpOK ero 3KCITyaTauunu
JI0 BOBHMKHOBEHUSI B HECYIIE KOHCTPYKLIUK
YCTaJIOCTHBIX TTOBPEXKIEHUI COCTABISIET OKO-
j10 25 net. [1pu 3TOM, Kak MmoKa3bIBaeT Mpa-
KTHKa, CPEAHECYTOYHBII ITPOOEr MAHEBPOBO-
ro JOKOMOTHBA B PeaJIbHOCTU He IIPEBbIIIAeT
80 kM. TakuM 06pa3oM, MOXKHO yTBEPKAATh,
4yTo Ge3omacHasl 3KCIIyaTalusl OTAEIbHO
B3SITBIX TSTOBBIX MAIllMH TaKOrO THUIIA BO3-
MoxkHa 110 50 jieT u 6oJjiee. DTO TMOATBEPXKIa-
€TCSI OIBITOM 3KCILIyaTalluu, CBUIETEIbCT-
BYIOLLUM OO OTCYTCTBMHU YCTAJIOCTHBIX Tpe-
IIMH B paMax JjokomotnBoB TT'K2.

3AKJTOYEHUE
TIpenmaraemblii MOAXO/ MO3BOJISIET, UC-
TOJIb3yst MUHUMAaJIbHOE KOJIMYECTBO UCXO/I-

200000

HOU WH(bOpMaLNU, PAIITMOHATIBHO BBITION-
HSITh OLIEHKY OCTaTOYHOTO pecypca HeCcylen
KOHCTPYKIIMA MaHEBPOBOTO JIOKOMOTHUBA,
JIaeT BO3MOXHOCTb CHU3UTh BPEMEHHbBIE U
TPYIOBBIE 3aTPATHI HA BBIITOJTHEHUE HAYYHO-
HUCCIIeN0BATEIbCKUX PabOT, HEOOXOAUMBIX
LTSI KOMITJIEKCHOTO OOOCHOBAaHUS PELIEHU N
0 MOJIEPHU3ALIMY U TPOJJIEHUU CPOKA CITYXK-
OBI TOJBUXXHOTO COCTABA.
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ASSESSMENT OF LOCOMOTIVE SERVICE LIFE BASED ON EVALUATION OF

FATIGUE STRENGTH

Grigoriev, Pavel S., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Using data on daily run, dependence was construc-
ted, showing how the intensity of locomotive’s operation
influences its performance, the time of operational

readiness prior to emergence of fatigue damage in the
bearing structure. On the basis of applied approach ten-
tative lifetime of TGK2 shunting locomotive was assessed
using an example of a calculation of a bearing part.

Keywords: railway, shunting locomotive, service life, bearing structure, fatigue strength, residual life.

Background. Transport shops of industrial
enterprises usually have rolling stock with long
term operation, but due to underload of produc-
tion processes that rolling stock often has a low
intensity of use. Therefore, its owners do not
seek renewal of the existing fleet, and just look
for ways to further extend the life of equipment.

There are many methods of accounting
estimate of service life. They are usually over-
worked with complex calculations that require
a large amount of background information. As
an example, we can refer to [1], where, in ac-
cordance with European standard EN13749,
using a large amount of background information

Number of cycles per year

L 24 hours:= 43000, 30000.. 200000
L il =123

—

L 24 hours
N day (*_ 24 )= T
hours -

1L
N_yeall_-24 ) = —=24.houts. 363

rail
hours —

Dynamics coefficients

F =006
st

v_lkm = 33

o v_km-1000
' 3600

0.006
K = [ - o_m7)-ﬁ

st

Pic. 1. The number of cycles per year. Type of program
implemented in the environment MathCad.
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and human resources, fatigue resistance of
locomotive’s bearing unit has been estimated.

And therefore, it is desirable to have a
rapid assessment to determine the residual life
of bearing units of rolling stock.

Objective. The objective of the authors is
to study service life of a locomotive with the help
of fatigue strength assessment and to suggest
rapid assessment method.

Methods. The author uses general scien-
tific and engineering method, simulation, mo-
deling, comparative analysis.

Results. In [2] the results of calculations of
the stress-strain state of the bearing frame of
TGK2 shunting locomotive are given. A geomet-
ric model was built using software SolidWorks.
In accordance with the requirements of existing
rules [3] frame of the locomotive was calcu-
lated regarding the impact of following loads:

a) vertical static;

b) dynamic vertical determined by multiply-
ing the gravity of sprung weight by a factor of
vertical dynamics (by the experience of calcu-
lations and tests it has been assumed to be 0,4);

c¢) dynamic longitudinal force, determined
by multiplying the force of gravity on sprung
weight by a ratio of horizontal dynamics; with
the inertia of rotating parts in accordance with
the standards was assessed taking into account
the increase in sprung weight of a bogie by 40%
[3], the ratio of horizontal dynamics is assumed
to be 0,4;

d) horizontal frame force when driving along
a straight section of the track (in the calcula-
tion — 7,2 tf);

e) when starting with a maximum pulling
force of 10,5 tf;

f) in the long traction (7,2 tf);

g) in the collision with the acceleration
of3g.

The calculation took into account two modes
[2j:

a) Mode 1 - including loading with forces of
gravity gross and maximum traction when starting
from standstill of the locomotive;

b) Mode 2 - reflecting the impact of loads,
arising when driving at design speed.

The calculations of the main frame of the
locomotive have concluded that in general, it
has sufficient strength and fatigue resistance.
Safety factor of fatigue resistance is not less
than 2.

It seemed appropriate to carry out such a
calculation taking into account the mileage of
the locomotive, corresponding to its average
daily value. On the average daily mileage it is
possible to determine the number of cycles of
dynamic effects on the bearing unit. This num-

Grigoriev, Pavel S. Assessment of Locomotive Service Life Based on Evaluation of Fatigue Strength



ber takes into account the impact of the largest
dynamic loads. Naturally, they will occur during
the passage of rolling stock across butt uneven-
ness of tracks. Let’s denote average daily run
as |, and take the length of the rail link L =12,5m.
Then the daily number of cycles will be

/

s

N=

L
T
and per year —
~ L 365
year [,
T

The amplitude of dynamic effects we define
using the notion of coefficient of vertical dyna-
mics, which according to the rules [3] is given by:

Kd=(0’006—0,007)-ﬁ’

st

where f, is static deflection, m; v is design
speed, m/s.

In addition, it is necessary to know static
load on the considered bearing unit. In ap-
proximate calculation of fatigue strength it is
possible to use the formula, taken from [4]:

N= M ,

L‘;{z.[(l_p)w«up)]]

where N, is a basic number of cycles prior to
failure, equal to 107;

N is a number of cycles of a part’s operation
prior to failure;

c,is maximum voltage of cycle of summation
of stresses from static load (medium voltage of
cycle) with dynamic voltage:

o =0y ~(1+Kd)

G, is limit of fatigue strength of the part,
which is defined as the fatigue limit c_, of the
sample made of the material of the part items,
taking into account the concentration factor K
and the factor of influence of the part’s shape
on the fatigue limit;

R is cycle asymmetry factor:

P= o 17Ky
Ot -(1+Kd)

vy is coefficient of sensitivity of material to
asymmetry of loading;

m is exponent of the fatigue curve.

The numerical values are taken from the
example of the calculation of the fatigue of the
locomotive frame, given in [5].

Service life in years is given by:

T=—=—.
N
year

In MathCad environment was compiled a
program that implements the considered cal-
culation algorithm, it is shown in Pic. 1 and 2.

Reflected on the chart the results of calcu-
lations in which was mentioned frame of shunt-
ing locomotive — basic bearing unit and then
determined dependencies of locomotive’s
service life on its daily run were determined, are
shown in Pic. 3.

Number of cycles to failure

ao_g =195

m=8§
A

or=0_g +0o_ ¢Ky= 102353

o_1:=280

B o=044

Eko=19
1

o_,= cR 64.842
ko

= Tos” % oKy 555

A

Tt I st'Kd

N
- = b =133x10°

m
[ T [(1-R)+(1+ R)]}
o -2

—P

Service life, years

N
AL )=

L
hours iourssﬁ

— rail

Pic. 2. The number of cycles to failure. Type of
program implemented in the environment MathCad.

Results of the calculation (Pic. 1) show that
in case of average daily run of the locomotive
of 200 km period of its operation before the
emergence in the bearing structure of fatigue
damage is about 25 years. However, as practice
shows, the average run of shunting locomotive
in reality is no more than 80 km. Thus, it can be
argued that the safe operation of individual
traction machines of this type can be up to 50
years or more. That is confirmed by the experi-
ence of exploitation, indicating the absence of
fatigue cracks in the frames of locomotives
TGK2.

Conclusion. The proposed approach allows
using the minimum amount of initial information,
to perform an assessment of residual life of the
bearing structure of shunting locomotive. This
is extremely important for expert organizations
carrying out work to extend service life of loco-
motives and, in turn, for owners of rolling stock.
In other words, the use of this approach will
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reduce time and labor resources when perfor-
ming research work needed for integrated study
of the decision to extend the service life.

In the future, the proposed approach will be
of interest to organizations that develop new
specifications for work to extend the service life
with modernization [6]. It is intended that at the
stage of development of technical specifications,
questions should be addressed about the effec-
tiveness of such measures to prevent damages
that owners of rolling stock may have. That is,
before the economic side of the issue is resolved,
it is necessary to assess the state of the most
expensive units of the locomotive construction,
the state of which affect the safety of operation.
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