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PROVIDING DERAILMENT PREVENTION BY APPLYING A WHEEL PAIR
WITH THE COUNTER-FLANGE

Summary. The authors have proposed grounded engineering solution for design of
wheel pair that has wheels with counter-flange that satisfy the existing standards of
vertical and horizontal dynamics and movement stability index.

Improved profile of rail wheel with counter-flange has been developed. It provides the
additional contact in horizontal plane while transverse vibrations of wheel pair relatively
to rail track, makes carriage more stable and increase the resisting force of wheel against
derailment when passing a curved part of line and in the case of spring deflection of rails
due to force interaction.

Profile of wheel pair has the additional running track and counter-flange that prevents
derailment when base flange of wheel rolls onto working surface of rail or there is way
spacer due to rail spring deformation. Proposed design of wheel pair is covered by
Ukrainian useful model patent.

OBECIIEYEHUE MPOTUBOJENCTBUS CXOJIA KEJE3HOJIOPOXKHBIX
IKUIAKEN C PEJIHBCOB IYTEM UCIOJIb30BAHUS KOJECHOM
IMAPBI C KOHTIT'PEBHEM

AnHoTanus. IIpennoxeHo 000OCHOBaHHOE TEXHHUYECKOE PEIICHHE KOHCTPYKTHBHOTO
WCTIOJIHEHUA KOJICCHOM TMaphl, KOTOpas HMeeT Kojeca C KOHTPrpeOHeM, 4YTO
COOTBETCTBYET  CYIIECTBYIOIIMM HOpMaMm IO KPHUTEPHUSIM  BEPTHKAIbHOH W
TOPU30HTATBHON TMHAMUKH, a TaKKe MoKa3aTeNsIM YCTOWYNBOCTH IBUYKEHHUSL.

Pazpaboran  ycoBepLICHCTBOBaHHBIH NPOQHIL HKEJIC3HOAOPOKHOIO  Kojieca C
KOHTpPrpeOHEM, YTO oOO0eclieunBaeT IONOJIHUTENbHBI KOHTAaKT B TOPHU3OHTAIbHOMN
IUTIOCKOCTH TIPH TIONEPEYHBIX KOJICOAHUSIX KOJIECHOH Mapbl OTHOCUTEIBHO PEIbCOBOTO
MyTH U 100ABIAET SKUTaKy YCTOHUYMBOCTH U YBEJIMUMBAET CHIIBI CONMPOTUBICHHUS KOJIEC
IIPOTUB CXOAA C PEIbCOB IPU INPOXOXKAECHUH KPUBOIMHEHHBIX Y4aCTKOB IIYTH, & TAaKKe
IIPH YIIPYTOM OTKJIOHEHHH PEIBCOB B PE3YyJIbTaTE CHIIOBOTO B3aMMOICHCTBUSI.

[Ipodune xomecHOW mapbl XapaKTEpU3yeTCs HATIUYUMEM JIOTOJHHUTEIBHOW TOPOKKH
Ka4eHUS! U KOHTPrpeOeHb, 4To 00ecreynBaceT MPOTUBOACHCTBHE CX0/1a KOJIECHOH Maphl ¢
penbcoB B TO BpeMs, KOTJIa OCHOBHOW TpeOEHb Koiieca BKaTBIBAE€TCS Ha pabouyro
MOBEPXHOCTh PeJibca WIIM UMEET MECTO Paciiop IMyTH B pe3yJibTaTe yIpyroi nepopmaum
penbcoB. IpeanoxenHast KOHCTPYKLUS KOJIECHOM Maphl 3allUIIEHa TaTeHTaMH Y KpauHbI
Ha TI0JIE3HYIO MOJETIb.
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One of the main safety criteria for freight transportation by railway transport is derailment
avoidance [16]. This is one of the most important problems at railway transport and it is a part of
safety control problem. According to the works [4 — 7, 10 — 12], derailment event deduction is one of
the main tasks in researching wheel-rail interaction.

The basic kinds of derailment include derailment due to the wheeling onto the rail and track
thrusting — railhead is pressed-out by one wheel flange due to its spring decline and the other wheel
fall off the other rail [1, 2, 13, 17].

Consequently, it is important to create such elements of truck (elements of wheel-rail system) that
provide movement stability and preclude the possibility of wheel flange rolling onto railhead and have
counteraction to derailment when spring rail deflection [3 — 9, 14, 15].

The article proposes a new design of wheel pair that provides protection against derailment due to
counter-flange and makes possible its operation in the presence of track switches and other structural
elements of track (fig. 1). The proposed idea of wheel pair design for special-purpose rolling-stock is
covered by useful model patent of Ukraine [5, 6].
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Fig. 1. Comparison of profiles of standard solid-rolled wheel and the proposed wheel:
B+ J_ solid-rolled wheel profile (National State Standard 9036-76 );
B + [0 — proposed wheel with counter-flange;
1 - inner solid-rolled flange of wheel; 2 - the main rolling profile; 3 - counter-flange; Ri, R,, Rs, R4 - curve radius
in transition sections of curved surface that connects counter-flange and the wheel; 4 - extra rolling profile
Puc. 1. CpaBHenue npo¢uiei CTaHAapTHOTO LEIFHOKATaHOTO KOJIeca U MPEJIOKEHHOTO Kojeca:
B + [ _ yenprokaranbiii mpo¢uis koseca (COCT 9036-76);
B + [7] - npennoxennoe Koneco ¢ KOHTprpeGHEM;
1 — BHYTpeHHUIT LiebHOKAaTaHbIil rpeOeHb KoJieca; 2 — OCHOBHOW NPO(MIIb KaueHusl; 3 — KOHTPrpeOeHb;
Ri, Ry, R3, R4y — paauychl KpUBH3HBI B IEPEXOJHBIX Y4aCTKaX KPUBOJIMHENHON IOBEPXHOCTH, KOTOPBIN COUETAET
KOHTprpeOeHs ¢ 00010M KoJieca; 4 — pe3epBHBIH MPOQIITH KaueHHs

Profile of new wheel pair incorporates the following feature — it has the counter-flange in addition
to the main flange. Rolling surface is connected with the counter-flange by ease curve with curve
radius in transfer points R,, R; and creates extra rolling profile. Overall width of the rim of wheel is
increased due to rail width and free split. Extra-profile allows wheel return to standard position at
tread circle due to curved surface. The height of counter-flange that is less relatively to wheel tread
circle does not allow a wheel to contact track switch and other equipment of rail track.

In the case of emergency, when one wheel of the wheel pair rolls onto railhead by its inner flange,
the other wheel contacts the outer side due to the counter-flange and creates a force that reacts against
derailment (fig. 2).

It is intended that contact of flange and rail is the second contact point of wheel and the first one is
a contact at the main rolling profile.
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W=F,+F,+F,

Fig. 2. Analytical model of wheel pair that has the wheels with counter-flange loaded with static and dynamic
components of forces:
O — main profile of the wheel; 5 — extra profile of the wheel;

H, — side pressure on the wheel that guides (overruns);

H, — component of frictional force;

V), V>— the forces generated when counter-flange contact;

2s — distance between wheel pair rolling circles;

Cr— centrifugal force of inertia;

Y — forcing on the side of outside rail;

R4, Ry —reactions of outside rail to car wheels;

Oy and Oy,,»> — dynamic vertical force acting on the neck of axle;
F, — force acting from the frame;

b — half of the distance between the axles of spring groupings of the car;
a — distance between wheel flanges of wheel pair.

Puc. 2. PacuerHast cxema KOJIECHOI! Mapbl, KOTOpas UMEET KoJieca ¢ KOHTPrpeOHeM, HarpyKeHHOH
CTaTHYECKUMH ¥ AMHAMHYECKHMH COCTaBIISIOIINMH CHII:

] — OCHOBHOI IPO(HIIb KoJIeca; m — pe3epBHBIIA IPOQHIb KoNeca;

H, — 6okoBO€ AaBlieHNEe Ha HaIpaBJsIoniee (Haberaroiee) Koyieco;

H, — cocrapnsmonias Cuibl TPEHUS;

Vi, V> — cuiibl, BO3HUKAIOIINE TP KOHTAKTE KOHTPIPeOHS;

2s — pacCTOsIHNE MEXIY KpPyraMH KaTaHWs KOJIECHOH Mapsl;

Cr— 11eHTpOOEKHAsI CHIIa MHEPLIUH;

Y — ycnnust co CTOPOHBI Hapy»KHOTO PEbCa;

R4, Rp— peakuuy Hapy>KHOI'O peiibca Ha KOJIeca BaroHa;

Ot 1 Oyr — MMHAMUYECKHE BEPTHKANIBHBIE CUJIBL, ISHCTBYIONINE HA LIEHKY OCH;
F, — cuna, pelictBytoniasi OT paMbl;

b — NONIOBMHA pacCTOSHHS MEX]y OCSIMH PECCOPHBIX KOMIUIEKTOB BaroHa;
a — PacCTOSIHUE MEXAY IPEOHSIMH KOJIEC KOJIECHOH Mmapsl

Presence of the additional counter-flange at the conical part of the wheel provides the additional
contact point between wheel pair and rail. Additional contact point between wheel pair and rail is
modelled as spring contact with applying spring element. Spring element is used because of the fact
that this contact is transitory and happens to be for a short while.

At that, the ingoing wheel will have one contact point with the rail. And non-ingoing wheel will
have two contact points: at the rolling surface and on the outside at the external flange. The first
contact point will be at the rolling surface of the wheel and wheel-rail interaction force in this point (
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P,) will show no specifics. Moreover, due to a small taper of rolling surface of the wheel, we may
consider that the force P, (fig. 3) acts true-vertical. In the second contact point that is at the cam

surface of external flange there is force generated that prevents further movement of wheel pair to the
right (). This force includes two components: lateral ( 7, ) and vertical ( 5. ).

Fig. 3. Contact forces acting on the wheel in two contact points:
P, - wheel-rail interaction force; P, - counter-force to wheel movement
Puc. 3. KoHTaKTHBIC CHJIBI, KOTOPHIC ACHCTBYIOT Ha KOJIECO B IBYX TOYKAX KOHTAKTA:

P[ - CHJIa BSaI/IMOI[CI\/‘ICTBI/Iﬂ KoJieca € peiibCOM; Pg - CHJIa HpOTHBOHCﬁCTBI/IH NEPEMCIICHNIO KOJIECAa,
Forces P; and P,and loading O acting on the wheel are in quasi-static equilibrium.

P _ Q_PZ(ufyZ Sinﬂu +COSﬂH)_
! u fyo sin B, +cos B,

M [y sin B +cos B+
= (Q_Sinﬂu +:ufy2 'Ol) +(,U f;cl cos ﬁK —sin ﬂlc)'f‘yZ sin H +

+ (,u S+ u fyy cos B —sin ﬁk.)cos B,

P, = )uPIf:u '(Z+,L1-F)1fy1(:osﬂ1< —P]Sii’lﬂK
’ Sinﬂu_l_:ufyZ'a

where f,;and /) —normalized sliding forces;
Bron — angle of the conical part of extra profile;

B. — slope angle of additional flange to horizontal plane;
O — vertical loading of the wheel.

Fig. 4 presents mutual positions of wheel and rail in normal state - in one-point contact at the tread
circle of the wheel. Contact point of wheel and rail at the tread circle is indicated by spot.
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As we can see from the considered figure, the wheel without the additional flange is moved about
16 mm in cross direction when moving in the curved line. And it takes the position relatively to the
rail presented at fig. 5.
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Fig. 4. Mutual positions of wheel and rail in normal Fig. 5. Position of the wheel without the additional
state at the tread circle flange relatively to the rail when maximal side
Puc. 4. B3anmHOe pacnonoxeHne Koieca 1 peiibca assignment
IIPY OIHOTOYEYHOM KOHTAKTE T10 KPYT'y KaTaHUs Puc. 5. [TonoxeHnue koiueca, He 000PYIOBAHHOTO
Kojeca JIONIOJTHUTENBEHBIM IpeOHEM, OTHOCUTEIBHO peibca Mpu

MAaKCHUMAaJILHOH OOKOBOM OTHECEHHMH

Contact point at standard rolling circle is indicated as figure 1 and new point of contact between
wheel flange and side surface of the rail - as figure 2. Referring to the figure, it is seen that in this case
the left wheel is in critical state and the derailment is more than possible.

If the car with the wheels equipped with the additional flanges is in the same sort of situation, the
maximal value of lateral motion is approximately 10 mm and the wheel takes the position relatively to
the rail presented at figure 6.

At first glance, difference between lateral motions in these situations is not big. But, in the latter
case, when the wheel is equipped with the additional flange, the wheel pair is in less hazardous
situation. The contact is in the point (spot 2 at figure 6) that is located on the side surface of the rail.
And in this case there is some distance between complete wheeling onto the rail.
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Fig. 6. Position of the wheel equipped with the additional flange relatively to the rail at maximum lateral

motion
Puc. 6. I[Tonmoxenwue xoieca, 000PYAOBAHHOTO JOMOJIHUTECIHLHBIM IPeOHEM, OTHOCUTEIBHO PelTbca MPH

MaKCHUMAaJILHOH OOKOBOM OTHECEHHH
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The effects of force interaction can be powered down due to structural measures that makes
possible creating alternative design of wheel pairs. Such alternative to the design of traditional profiles
of wheel pair provides possibility to create special-profile rolling surface and obtain the lateral forces
of interaction that allows truck to increase stability and prevent derailment.

CONCLUSIONS

1. The authors have developed a wheel pair that profile has the additional running track and
counter-flange that provides the additional contact in a horizontal plane while lateral vibrations of
wheel pair relatively to the track, provides the stability and increases the resistance against derailment
when passing curved part of the rail and in the case of spring deflection of the rail as a result of force
interaction. Design of wheel pair that has the additional counter-flange is covered by Ukrainian useful
model patent.

2. Providing stable wheel movement on the rail requires taking into account interdependence of
geometrical, frictional and dynamical parameters of wheel-rail interaction at the stage of design. It is
necessary to take into consideration redistribution of forces due to presence of the wheels with
counter-flange in addition to classic distribution of forces in wheel-rail contact zone.

3. Implementation of the proposed wheel pair that has counter-flange to special-purpose rolling
stock will provide improving safety of movement and carriage integrity and will provide social and
economic effect due to emergency decrease and decrease of disastrous consequences.
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