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lMoBbiLLIeHWe NPON3BOANTEJIBHOCTH
COBPEMEHHbIX MyTeBbIX MaLLUNH

BegeT K pOCTY MOLUHOCTU NPUBOLOB
UCMOJIHNTEJIbHBIX YCTPOVCTB.

B cTtarbe npegnaraetTcs oaguH U3
€rnoco60B MogepPHNU3aLNU LLeNMHOro
CKpebkoBOro paboyero opraHa nyTeBbiX
LWe6HeoYNCTUTEsIbHBIX MaLLUNH HOBOIO
nokosieHusi. PazpaboraHa meToguka

v npuBeneHbl CPaBHUTE IbHbIE
pe3ynbratbl pac4€ToB 40 U rnocJsie
MogepHU3aLnumn, UCXoa4s1 U3 KOTOPbIX
SIBHO IMPOCJIe)XXNBaeTCs 3HepreTn4yeckuii
BbINIPbILL NIPeaIaraeMoro
TEeXHUYECKOro PeLUeHusl.

Kntovesbie crioBa: rnytesasi
LjeOHeoYNCTUTEIbHAas MaluvHa,
mMozaepHU3aLus, CKpebKoBO-LernHOM
paboynii opraH, yaesbHasi 9HepProéMKOCTb,
cuIa ConpoTUBJIEHNS.
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3BECTHBIC KOHCTPYKIIUHA W CITOCOOBI

MOJIEPHM3ALIMU BBIPE3AIOIIMX YCTPONCTB

IeOHEOUNCTUTETHHBIX MAIITITH CBOIISIT-
¢ B OCHOBHOM K YBEJTMUYCHUIO MOIITHOCTH Ma-
IIIHEI C IIEJIBI0 ITOBBIIICHNS e¢ pabodeii CKopo-
CTH 11 YaCTOTHI BPAILICHNS IIPUBOIHOM 3BE3I0YKI
6apoBoii 1ierm. OIHAKO TaKOil BApUaHT ITOBbI-
IIEHUST TTPON3BOAUTETFHOCTA TTOMUMO 3aBBI-
IIIEHHBIX SHEPro3arpaT XapaKTepU3yeTcs 1 BbI-
COKMM M3HOCOM Y3JI0B MAIITHEI.

CrnemyeT OTMETUTD, YTO OOIIEee COIpOo-
TUBJICHUE IBUKCHUIO 0apOBOM IIeTIH OTIpe-
IeJIsieTCsT KaK CyMMa CJIeIYIOIINX COCTaBIISI-
omux [1]:

— CONpOTHUBJIEHKE OajlacTa pe3aHuio P ;

— COIIPOTHUBJICHUE OT CHJI TPEHMSI OajuTacTa
0 GajiacT B 30He BbIPE3KH P;

— COIIPOTHUBJICHUE OT CUJI TPEHUS CKpeo-
KOB 0 6aJi1acT B 30He BbIpe3KH P.;

— COIIPOTHBJICHHE OalljlacTa mepeMerne-
HMUIO 110 XeJ100y P;

— COTIIPOTHUBJICHME OT TPESHUSI CKPEOKOBOI
LIeNU O MMOBEPXHOCTD XKeJI000B PS.

CortacHO MeToIMKe pacueTa [ 1], BaxXKHYIO
POJTh B OTIPEACICHUM MOIITHOCTH 1 YAETbHOMN



9HEProeMKOCTH UTPaeT KOA(POUIIMEHT 3a1101-
HEHUS MEXCKpeOKOBOTO IpoCcTpaHCcTBa [2].

B xome MomepHM3anuuM BBIPE3aIONIETO
YCTpOIiCTBa MpeIaraeTcs JI0OBIM U3 TOCTYII-
HBIX CTIOCOOOB 3aMEHUTD TPEHHUE CKOJTbKCHUS
Ha TpeHHME KauyeHUS WM Xe MMOJTHOCTHIO
HUCKITIOUUTH €70. CaMbIMU TOIXOASIIINMU IUTST
9TOM 1IEJIN COCTABJISIONINMU CITYKAT:

— COIIPOTUBJICHUE OT CUJI TPEHUS CKPeo-
KOB 0 6aJl1acT B 30He BBIpe3KH P.;

— COIIPOTHBJICHHE OaljlacTa mepeMerne-
HUIO 110 XeJ100y P,;

— COIIPOTHUBJICHME OT TPESHUSI CKPEOKOBOIA
LIeMU O MTOBEPXHOCTh XKeJI000B PS.

CHU3UTH CUJTYy TPEHUST CKPEeOKOB O Oa-
JIaCT, KaK IMOKAa3bIBAIOT HAIIIM UCCIICIOBAHMS,
MOHO 32 CUeT YCTAHOBKH POJIMKOBBIX OITOP
B HUXXHEM 4yacTu CKpeOKoB. B aToM ciyuae
cuia P3 MOXKET OBITh 3aITicaHa B BUJE:

B
I)S = -f;.l (kK’R)Gu L_’
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kK
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rne B — mumpuHa 6apoBoii nienu, M;

k — koo HuIreHT TpeHMsT KaYeH NI CTa-
JIA TIO TPYHTY (BBUIY OTCYTCTBUSI 9KCIIEPH-
MEHTJIbHBIX TaHHBIX 11T KoadduimeHra
TPEeHUs KaueHMsI «IIeOeHb-CTadb» BEIOpaHa
01u3Kas Mo CBOWMCTBaM mapa «acdanbr-
cTalib» — 6 MM [3]), MM;

R — paguyc onopHoro poJyivka (UCXoms U3
KOHCTPYKTUBHBIX COOOpaKeHUI JIsi CKpeOo-
KoB MatrHbl HIOM-1200 MoaepHU3MpOBaH-
HOTO BBIPE3aloIEero YCTPOCTBA MPUHUMAEM
R =24 Mm), mM;

L, — obuiast innHa Leru, M;

G, — cuna Tsekecty nenu, KH.

Cuy COMpOTUBIIEHUS TIepeMellleHUIO
Oasuacta Mo Xejao0y MOXHO CYIIECTBEHHO
YMEHBIIUTH 32 CYET YCTAHOBKHU JIEHTOUHBIX
KOHBEepOB Ha JHUIIE U OOKOBYIO CTEHKY
pabouero kxejoba, CKOPOCTb JEHT KOTOPbIX
CUHXPOHM3UPYETCSI CO CKOPOCTHIO MBUKEHUST
CKPEeOKOBOIIEITHOTO BHIPE3al0IIeT0 YyCTPOHCT-
Ba. B aToM ciryyae naHHast cuia MOXET OBbITh
orpenesieHa no gopmyine:
P,=pgS K, (B,hk,V V.S )Lsino, .(3)

31ech KOA(OUIMEHT 3alOJTHEHUST MEX-
CKpeOKOBOTO MPOCTPAHCTBA OIPEIEIISIETCS 10
clieaytoniei 3aBucCMMocTH [3]:
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e p — TUIOTHOCTb Pa3pbIXJIEHHOTO OajutacTa,
/M3

g — YCKOpeHKe CBOOOIHOTO ITafeHus, M/c?;

SCKp — IJIOIIAAb CKpeOKa, M?;

h — TonmmMHa BBIpE3aeMOro cjios Iieo-
HS, M;

kp — KO3 @UIIMEHT pa3pbIxjieHUs 11ede-
HOYHOTIO 0aJIj1acTa;

V. — paboyast CKOPOCTb IBMKEHUA (ITo1a-
Y1) MalIuHbI, M/C;

V, — ckopocTb 6apoBoii 1ienu, M/c;

L, — mmina paGovero xenoba, M;

o, — YroJ HakJOHa Xejlo0a B paboyeM
TTOJIOKEHWUH, Pajl.

Cuta TpeHMs 1IeTH 110 TTOBEPXHOCTH XKe-
J1000B IpKY 000PYIOBAHUU UX TpaHCTIOpTEpa-
MU CTAaHOBUTCS paBHOM HyJi0 (P = 0).

IIpoBeaem cpaBHEeHUE PE3YJIBTATOB.

Jlnst ynobcTBa pacueTta ObLIM BbIBEAEHBI
o01IMe IByXIMapaMeTpuieckre (3aBUCUMBbIE
OT CKOPOCTH BpallieHust 06apoBOi LIETTH U CKO-
pOCTH TIOauM — IBIDKEHUS MAIIUHBI) op-
MyJIbI pacueTa MOITHOCTH U YIeTbHON IHEep-
TOEMKOCTH TTpoliecca — Kak B CTydae ¢ Mojiep-
HU3MPOBAaHHBIM BBIPE3AIOIINM YCTPOWCTBOM,
TaK U JUIsl CEPUIHO BBIMYCKAaeMOi 11IeOHeoun-
CTUTEJIbHOU MaIIMHBI HOBOTO TTOKOJEHUS
LIOM-1200.

MoniHOCTh Ha 3B€310YKe IPUBO/IA CKPeO-
KOBO-1IETTHOTO pabovero opraHa 0 MOJIepHU-
3al1N:

B
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AHaIoTMYHAast MOIITHOCTb ITOCJIE MOIEPHU-
3aliu:
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Ta0muua 1

‘g ? 3Havennsa K03 (GUIHUEHTOB 10 MOIEPHU3 AN
\ HaumeHoBaHue napamerpa O6o3nauenue |Bemuuuna | PasmepHocTb
PacueTHoe yzienbHOe COnpoTUBIIEHHUE OajliacTa pe3aHuio k, 700 kH/m?
KoadbduiiveHT, yauThIBaOIIUil yroyi pe3aHus kI3 0,83 -
KoadduimeHT pazpbixieHus HeOHs B IIMaJIbHbIX SIIMKAX k, 0,7 —
KoadduiimeHT pa3pbixjieHUs 3arpss3HEHHOTO 111e0HS kp 1,3 —
KoadduumeHT TpeHus cranu rno dauiacty f, 0,45
KoadbduimeHT tpeHus 6amnacra mo d6amiacty f, 0,85 —
KoadduumeHT TpeHus cTaiu 1o ctaiu npy CUJIbHOM abpa3uBe f)! 0,2 —
T110THOCTB pa3pbIXJIEHHOTO OajuiacTa p 1,6 /™
YckopeHue CBOOOIHOrO MajieHust g 9,8 Mm/c?
KII/I ckpebkoBOro pabouero opraHa Mo 0,6 —
BeicoTa nogbéMa BbIpe3aHHOTO LIEOHS 10 KeJ00y H, 5,9 M
JlnuHa pabouero xeynoba L, 11,8 M
IlIupuHa BeIpe3KH 1LEOHS B 3,9 M
TonuumHa BbIpe3aeMoro 1eoHs h 0,4 M
Cuia TSIKeCTH Lenu G, 50 kH
O61as UIMHa 1enu L, 30 M
Ilnomans ckpebka S 0,09 Mm?
‘Yrou HakJI0HA Xe100a B pabouyeM pexkume o, 0,523 pan
Ta6smna 2
3HaveHns1 K03 GUIHEHTOB MOCJIe MOAEPHU3AMH
HaumeHoBaHMe TapaMeTpa O6o3HauYeHNE Bennuuna | PazmepHocTh
PacueTHoe ynenbHOe CONpOTUBIIEHUE OajliacTa pe3aHuio k, 700 kH/m?
KoadduimeHT, yauThIBaloILINii YTl pe3aHust kB 0,83 —
KoadhduimeHT pa3pbixjieHUs IeOHS B IITMaJIbHBIX SIIITUKAX k, 0,7 —
KoadduimeHT pa3pbixieHus 3arpss3HEHHOTO 1IeOHS kp 1,3 —
OrtHoueHue ko3 GuLMeHTa TPeHUS K paluycy pojmKa f,, 0,25 —
KoadduimeHT TpeHust KadeHus 1151 apbl «acanbr-cTaib» k, 6 MM
Panunyc onopHoro posiuka R 24 MM
KoadduimeHT TpeHus 6aaiacTa o dauiacty f, 0,85 —
TT10THOCTB pa3pbIXJIEHHOTO OaJljlacta p 1,6 /™
YckopeHme cBOOOIHOTO ManeHust g 9,8 Mm/c?
KTI/I ckpebkoBOro pabouero opraHa Moo 0,6 —
Bricora mogbéMa BbIpE3aHHOTO 11IEOHS 10 KeJI00y H, 5,9 M
JlnuHa pabodero xkeyoda L, 11,8 M
Cuta TSDKeCTH LENn Gu 50 xkH
OO61as yiMHa Lenu L, 30 M
Iomans ckpedka SCKp 0,09 M2
‘Vrou HakJI0HA XeJl06a B pabodyeM pexkrume - 0,523 pan
Ilupuna BeIpe3KH 1EOHS B 3.9 M
TonmmHa BeIpe3aeMoro 1meoHs h 0,4 M
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Puc. 1. MowHOCTbL Ha 3Be3[04Ke C y4eTOM
MogepHUu3auuu.
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Vaeasnan oneproemiocts, KBT/(vA3/1)

Cropocts,
JBHKCHHS

ML, we Ckopocts Gaporoii wen, m/c

Puc. 2. Pazuuua MoOLHOCTE 40 mn nocrne
MoaepHu3auun.

®opmysia yaeJabHON 3HEPTrOeMKOCTHU
B 3TOM cliydJae:
N

36

e=—-=>—,
BhV k,

Wcxonst 3 TeXHUUECKO XapaKTepUCTUKI
HIOM-1200 B pacueTax BapbUpPOBaJUCH
CKOPOCTH MallIKHbI ¥ 0apoBoii Leru ot 0,067
1o 0,167 m/c u ot 1,8 1o 3,8 M/c cooTBeT-
CTBEHHO. Pe3ybraThl pacueToB MpeacTaBie-
HBbI Ha puc. 1—4.

Ananu3z noayveHHIX 3a6UCUMOCMell NOKA3bl-
8aen, Ymo 8 pe3yAbmame NpeonoNCeHHbIX MexHU-
YeCKUX PeUeHUT UMEemCsl 603MOICHOCHTb CHUMICE-
HUSL MOWHOCMU 08U2amens npueooda epauieHus
CKpebK080-UenHo2o0 paboueeo opeana nymesoil
webHeouucmumenvroil mawunst HIIOM-1200 na
50 kBm, a yoeavHoii snepeoemixocmu — na 21%.
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ABSTRACT

Increase in productivity of modern track
machines leads to power growth of actuators’
drives. The article offers away towards modernization
of a chain scraper working body of the new

Background. Known designs and methods of
modernization of cutting tools of ballast cleaning
devices are generally reduced to increase in the power
ofthe machine to increase its operating speed and the
rotation speed of a driving star gear of a bar chain.
However, this option in addition to the improvement of
performance is characterized by excessive energy
consumption and high wear of machine components.

It should be noted that the total resistance to
movement of the bar chain is defined as a sum of the
following components: [1]

- Ballast resistance to cutting P, ;

— The resistance from ballast friction forces on
ballast in the cutting zone P,;

— Resistance of scraper friction forces on ballast
in the cutting zone P,;

— Ballast resistance to movement along the
gutter P,;

— Resistance from friction of a scraper chain on
the surface of gutters P

According to the method of calculation [1], an
important role in determining the performance and
specific energy consumption is played by a coefficient
of filling between-scrapper space [2].

Objective. The objective of the authors is to
sugget and to substantiate engineering solutions
regarding modernization of a scraper-chain device of
ballast cleaners.

Methods. The authors use general scientific and
engineering methods, mathematical calculation,
modeling, comparative analysis, graph construction.

Results. In the course of modernization of a
cutting tool any of the availbale methods suggest to
replace sliding friction to rolling friction or completely
eliminate it. The most suitable components for this
purpose are:

— Resistance from the scraper friction forces on
ballast in the cutting zone P,;

— Ballast resistance to movement along the gutter
P ;

- Resistance from friction of a scraper chain on
the surface of gutters P,

To reduce the friction force of the scrapers on
ballast, as shown by our study, it is possible to install
roller bearings at the bottom of scrapers. In this case,
the force P, can be written as:

R~ £, (k. R)G 7 (1)
k
f1.1 _;’ (2)

where B — width of a bar chain, m;

k. — coefficient of rolling friction of steel on the
ground (in the absence of experimental data for the
rolling friction coefficient «ballast-steel» the pair
«asphalt-steel» — 6 mm [3]), the closest on the
properties, is selected, mm;
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generation of ballast cleaners. The developed
techniques and the comparative results of the
calculations before and after modernization, leading
to power gain, show the advantages of the proposed
engineering solutions.

Keywords: track ballast cleaner, modernization, scraper-chain actuator, specific energy, resistance force.

R — the radius of a supporting roller (based on
design considerations for scrapers of the machine
SCHOM-1200 of upgraded cutting tool we take R =
24 mm), mm;

L - total length of a chain, m;

G, - gravity force of a chain, kN.

Resistance force to ballast movement along the
gutter can be significantly reduced through the
installation of belt conveyors on the bottom and side
wall of the working gutter, belt speed of which is
synchronized with the speed of scraper-chain cutting
tool. In this case, the force can be determined by the

V,S_ )L sina.

formula:
P4= pgsschﬂ/(B’ h’ k/’ Vrn‘ ) ~scr g (3)

Here the coefficient of ?illing of between-scraper
space is determined by the following dependence [3]:

BhV, k
Kﬁ,(B,h,kp,Vm,Vc,Sm):KTm', (4)
where p — loosened ballast density t / m?;

g — acceleration due to gravity, m / s?;

S, —area of a scraper, m?;

h — thickness of the cut layer of ballast, m;

k,— coefficient of loosening of the ballast;

V - operating speed of movement of the
machine, m/'s;

V. - speed of a bar chain, m/s;

L e length a working gutter, m;

a, = angle of slope of a gutter in the operational
position, rad.

The friction force of a chain on gutters’ surface if
they are equipped with conveyors becomes zero
(P,=0).

Let’s compare the results.

For the sake of convenience of calculations
common two-parameter (depending on the speed of
rotation of a bar chain and feed rate — movement of
the machine) formulas for calculating power and
energy intensity of the process were derived — as is
the case with upgraded cutting tool, and for
commercially available ballast cleaners of new
generation SCHOM-1200.

Power on the star gear of a scraper-chain working
body before modernization:

B
N, =—(kikk,hV,, +0,5p gf, BV, k, +

GV, ,
+1T+ngg (smag +

4

+f1cosag)thk,+

2£'G,L,cosa,V, .
LB

1
y NG cosa Ve Gchcosach(Hngch). (6)
Mer

A similar power after modernization:
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Table 1
The values of coefficients before modernization

Parameter name Notation | Value Dimension
Calculated ballast resistivity to cutting k, 700 kN/m?
Coefficient, taking into account the angle of cutting kB 0,83 -
Coefficient of loosening of ballast in sleeper boxes k, 0,7 -
Coefficient of loosening of contaminated ballast k, 1,3 -
Coefficient of steel friction on ballast f] 0,45
Coefficient of ballast friction on ballast f, 0,85 —
Coefficient of steel friction on steel in case of a strong abrasive f)! 0,2 -
Density of loosened ballast p 1,6 t/m3
Acceleration due to gravity g 9,8 m/s?
Efficiency of the scraper working body Neer 0,6 -
Lifting height of the cut ballast on the gutter Hg 5,9 m
Length of a working gutter Lg 11,8 m
Width of ballast cutting B 3,9 m
Thickness of cut ballast h 0,4 m
Gravity force of a chain G, 50 kN
Total length of a chain L, 30 m
Area of a scraper S, 0,09 m?
Angle of slope of a gutter in the working mode a, 0,523 rad
Table 2

The values of coefficients after modernization
Parameter name Notation Value Dimension
Calculated ballast resistivity to cutting k, 700 kN/m?
Coefficient, taking into account the angle of cutting k[j 0,83 -
Coefficient of loosening of ballast in sleeper boxes k, 0,7 -
Coefficient of loosening of contaminated ballast k, 1,3 -
Ratio of a friction coefficient to a radius of a roller f, 0,25 -
Coefficient of rolling friction for the pair «asphalt-steel» k. 6 mm
Radius of a supporting roller R 24 mm
Coefficient of ballast friction on ballast f, 0,85 -
Density of loosened ballast p 1,6 t/m3
Acceleration due to gravity g 9,8 m/s?
Efficiency of the scraper working body Neer 0,6 —
Lifting height of the cut ballast on the gutter Hg 5,9 m
Length of a working gutter Lg 11,8 m
Gravity force of a chain G, 50 kN
Total length of a chain L, 30 m V/iE A
Area of a scraper S, 0,09 m? E“Z{;ﬁ v
Angle of slope of a gutter in the working mode a, 0,523 rad e
Width of ballast cutting B 3.9 m
Thickness of cut ballast h 0,4 m
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The formula of energy intensity in this case:
N,
e= .
BhV k,

Based on technical characteristics SCHOM- 1200
in the calculation speed of the machine and a bar
chain varied from 0,067 to 0,167 m /s and from 1,8
to 3,8 m /s, respectively. The calculation results are
presented in Pic. 1-4.

Conclusion. Analysis of the obtained
dependencies shows that as a result of the proposed
technical solutions it is possible to reduce the power
of a motor of a rotation drive of a scraper-chain
working body of a track ballast cleaner SCHOM-1200
by 50 kW, and energy intensity — by 21%.
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