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THE APPLICATION REVIEW ON THE ROLLING STOCK
OF DEVICESFOR TURN OF WHEEL PAIRS
INTHE HORIZONTAL PLANE
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Summary. The application review on a rolling stock of dewder turn of wheel pairs in the horizontal plane
is presented in this article. Parameters of movénoérsingle wheel pair in a direct way and radids o
curvature of a way, in which radial self-instakatiusual colpar is possible, are defined. The erpeg of
use of each kind of rotary devices is shown.
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INTRODUCTION

For the purpose of the systematised review of thevariety of devices for turn
of wheel pairs in the plan, we will divide into ¢&r kinds:

1. The device for turn of wheel pairs usual typ¢hva rotating axis, but with
various conical shape of bandages and a profileugare considered above).

2. The device for turn of wheel pairs of usual tyipat with application of special
directing and rotary in respect of devices [Kokore®93].

3. The device for turn of wheel pairs with an uatve axis (with a free nozzle
of the right and left wheels on pins of an axiahim® and with directing and rotary
devices in the plan.

Wheel pair of usual type, i.e. with a rotating axigl bandages of the conic form,
possesses property to move on a twisting trajecongerning average position in a rail
track. [Vol'pert, 1990]. Therefore usual wheel peéin be considered as the elementary
rotary device providing self-installation in theaplin the event that movement of colpar
it is not constrained by other communications istegn of rail crew, and preventing
constant contact to rails and intensive deterionatf crests of bandages [Bogdanov,
1992, Byinosov, 1995, Byinosov, 1994].
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THE FORMULATION OT THE TASK

The increase in diameter of wheels leads to impreré of characteristics of
fluctuations of wagging in a direct way (the lengtha wave "L" grows and frequency
of fluctuations f decreases), conditions of passdgrirve sites (the radius of curvature
R, increases, see tab. 1) however worsen.

Usual wheel pair has a bias of bandages i = 1/@f-$peed electric trains on
railway road "New - Tokaido" in Japan have a wogkprofile with twice smaller bias i
= 1/40 for a high-speed domestic electric train vAlexpress train” with constructional
speed of 200 km/h a bias of a working profile ofewts is accepted still smaller i =
1/100 [Works ,1978]. It is made that frequencylatfuations at speed of movement V
= 200 km/h would be less, than at V = 100 +120 kat/bhsual locomotives and cars.

The biaxial cart with crosswise cross-section comications (Sheffelja cart
[Priests, 1979]) addressing on sites with a comalile quantity of curves, is equipped
by bandages with conical shape 0,2, i.e. with fgeblas i=1/10.

According to the researches conducted by Golubenlschool [Golubenko,
1999] (see tab. 1), at i=1:10 wheel steams carcselfer in a radial direction in curves
R>280 m and more that corresponds to all often mgetimve sites R. The constructive
scheme of Sheffelja cart however worsens charatig=iof twisting movement in a
direct way (the length of a wave decreases, freqjuehfluctuations grows).

Table 1.Parameters of movement of single wheel pair in a direct way and radius of
curvature of away in which radial self-installation of usual colpar ispossible

At what value of radius of
curvature of a way radial

Initial data Movement parametres in a direct way - .

Ne installationxonmaps: is
Ne possible
/i 3

D,u| i |yom |La|f[ly] max A R Ymnax Rip>R [m]
1 (1,051:20(0,007(18,1| 1,53 | #0,00244 (8,4') £2.6 | 1190| 0.007 Ry=1190
2 11,251:20] 0,007|19,8| 1,4 | #0,00222 (7.6]2,37| 1420| 0,007| Rez1420
3(1,05§1:10{0,007|12,8| 2,16 ﬂziiog,‘;?) +3.65| 800 0.015 R,>280
4 |1,251:10{0,007[13,99 1,99 i((’i%oé‘)m 36| 710 | 0015  Fw=330

where: D - diameter of wheels; i — a bias; L - lgngf a wave;
Vo - the greatest displacement of colpar in a dineot

Bmax- the greatest corner of a deviation of colpahmplan;
A - longitudinal moving of axle boxes aé F 2134 mm;

R - curvature of a trajectory; R = (r*lk)/2yi

ymax=y0 + 6 with the account of widening
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A lot of attention was given and is given nowad#aysesearches for choice an
optimum profile of a bandage [Golutvina, 1978, ®oea, 2000, lvanov, 1974, Pan’kin,
1991, Kurasov, 1981, Stacenko, 2003], howeverwlig of improvement of horizontal
dynamics and reduction of deterioration of crest$ @as a whole bandages is not always
effective, how in process of deterioration of bageka the initial (new) profile is
deformed: dynamic qualities and obsolete charatiesi as a rule, worsen. To keep
under operating conditions invariable a profileaobandage at the expense of more
frequent turnings not always expediently as it $ad price increase of repair of
running gears. Deterioration of rails and as counsage the distortion of profile of rail
heads leads also to instability of dynamic charésttes of a rolling stock [Byinosov,
Stacenko 2002, Byinosov, Stacenko 2003].

Deep theoretical researches of system movementeof with a rigid frame or
bogie taking into account the elastic sliding dfeel pairs and limiting backlashes in
axle equipment show that as a whole this systemnisgtable [Golubenko, 1999].
Operating experience shows that at speed of movetmétd km/h in a direct way and
in curves R1500 m bandages with a bias of a surface of drivir2p practically
provide contactless movement of crests of bandagdgheir minimum deterioration; it
does not occur at speeds above 70 km/h and inve eualy of [Golytvina, 1978]. It is
almost impossible to fulfil requirements of goodf-gestallation of usual wheel pairs in
a direct way and in operational curves.

In conclusion of consideration of the elementarytbé rotary device", i.e. usual
wheel pairs, it is necessary to tell what to coratteit and to carry out other direction
of movement of usual wheel pair not so easily: this purpose it is necessary to
overcome a twisting moment created by forces oictidn between wheels and rails on
a shoulder, equal to distance between planes olesinof driving of wheel pairkl=
1,58m:

Thus, the device of radial installation of wheeirpaof usual type, at all its
simplicity, absence of feedback is automatic, dngatwisting periodic movement in a
rail track, but not steady and rather powerful.

Passing to consideration of rotary devices of theosd kind we will tell that
they are systems, in which simultaneously operad ¢wo independent rotary devices
confront): wheel pair of usual type and the dimgtdevice which should overcome
action of the first.

In this sense application of wheel pairs with anotative axis in the presence of
a directing rail is the most radical decision oéstions of horizontal dynamics as in this
case the trajectory of movement of wheel pair dogsdepend neither on a bandage
profile, nor from a difference of diameters of wiseef wheel pair. Therefore lateral
static pressure upon a directing rail in curvessitta way can be received equal to zero;
it can arise only in transitive curves from indrfiarces, the gyroscopic moment and
damping efforts at turn of wheel pair in an inpotian exit from curve sites of a way.

Passing to consideration of rotary directing devioé the third kind, i.e. with
wheel steams with an unrotative axis, it is neagstatell that they on a rolling stock
of railway transport are not applied, however ttegg the basis for engines of all
modern cars and other wheel transport cars [Bolamer®Orlova ,2006, Kaley,
Semyuels, 2003].
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Operational tests within a year of eight-whelle@&ctlosection with skilled
biaxial cart of type K - 68 with differential ondaiving axis and an unrotative axis on a
supporting axis have shown the following:

a) The Car has been less subject to cross-sedtiotudtions at low and high
speeds of movement; amplitudes of fluctuations afging have decreased on 60 - 80
%, lateral pressure upon rails — for 50 %.

b) Sinusoidal fluctuations of wagging of wheel paiave been completely
eliminated, the tendency to preservation of coristantact is observed between one of
crests and a lateral surface of a rail.

¢) It has not been noted the essential reductiomtehsity of deterioration of
wheel pairs bandages of new design in comparistimtive usual.

d) The size of resistance to movement in curvesdwseased on 20 % the
electric power expense in curves has decrease0-atb%.

Results of researches of the cart K - 68 in Japmwsthat advantages from
application of wheel pairs with independent rotataf the right and left wheels (with
an unrotative axis) can be received considerablgerifave will apply directing device
to 1st wheel pair of the cart and to provide cotigs movement of bandages crests
[Kobayashi, 2000]. Besides, differential, as thetkifnat is not peculiar for locomotive
building factories, it is expedient to replace wéttseparate drive of the right and left
wheels of wheel pair from two feasibility reportgdugh two traction reducers. In this
case each wheel with the drive rotates irrespectiveher wheel.

THE DECISION OF THE TASK

Recently in patent materials appear more oftemtéssages on patents for rotary
devices separate wheel gift in carts and as a wtanis concerning a body in the plan
with application of systems of automatic stabilizatof position wheel gift or frames of
the cart concerning a rail track.

The considerable quantity of patents is protectgctdnstructive schemes for
realisation of turn in respect of wheel pairs afway crew; however does not make a
reservation thus, what type of wheel pairs is eigrgdor using. At the same time, as it
follows from the aforesaid, the type of wheel pdies the most direct relation to the
scheme of the rotary device.

CONCLUSIONS

In conclusion of the review of rotary devices wél wonsider properties, best of
them (3 kinds (fig. 1,2,3)):

a) The Minimum twisting moment for overcoming ofdes of a friction, inertial
and returning forces is required for turn in a hontal plane (in the plan) wheel pair
with an unrotative axis, therefore rotary devicéthe third kind are the most expedient
for using on a rolling stock of railways.
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Fig. 1 Use of hydrocylinders  Fig. 2 Application of feasibility Fig. 3 Mechanical self-
for turn wheel parf reports on each wheel installation

b) Wheel steams with unrotative axes cannot be wgdtut directing rotary
devices or a compulsory steering with a drive frwatching system (depending on size
of a lateral backlash of wheel pair in a rail thack

c) Application for a rolling stock of railways ofheel pairs with an unrotative
axis and with the rotary device is the complexattllowing considerably to improve
horizontal dynamics in a direct way and in curvessio receive economy traction and
energy expenses at the expense of reduction staese to movement of rail crews in a
direct way and especially in curves, to provideregoy of metal and means at the
expense of considerable decrease of intensityaofldges and rails deterioration, to
raise durability of all elements of a design of ehmotor blocks at the expense of
division of a drive of the right and left wheels wheel pair and realization thus
statically - the definable scheme of a tractiowe&on locomotives.

d) The directing complete set consisting of wheal pvith an unrotative axis
also drove with a directing roller, in the dynamétation the deviation of a directing
roller “A” - an entrance signal is nonperiodic link in whittte cross-section deviation
“y” wheel pair in a rail track from average positis in target parameter. Therefore the
deviation of wheel pair at absolutely rigid railsdadrive cannot be on size more = 1,5 +
2 mm, and transient of cross-section moving of Wipe@ in a track after moving of a
directing roller is nonperiodic, i.e. is made witlhdesitation. The constant of time of
this link is equal to the relation of length drote linear speed of movement. This
directing device is recommended to be used foracchrgpmotives.

e) The ideal rotary device for wheel pairs withatative axes is the contactless
system of automatic control of turn in respect ioécting wheels of the cart (fig. 4). In
this case the electric drive of the rotary deviperates from the strengthened electric
signal proportional to the sum of signals: a cremstion deviation of wheel pair in a rail
track, “y” its the first and the second derivativéd all advantages of this system, its
lack consists in necessity of application of théfialilt electronic equipment. This
system of automatic stabilization of a lateral Bask of wheel pairs in a rail track is
recommended for use on high-speed passenger tramggoconstructional speed more
than 200 km/h.

rl
R=—K 1
2yi @)
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where: r - nominal radius of right and left wheefswheelpair;; k - distance between
the planes of circles of rolling; y - current traassal displacement of wheelpair is in
railway track; i — slope of working surface of beac

e ~Yioe )

Fig. 4. Contactless system of automatic contralloéel pairs turn

In conclusion of the review of rotary devices ofeghpairs it is necessary to note
the greatest expediency on railway transport ofdéeices of the third kind, with the
automatic electric drive of turn which can be useda rolling stock of high-speed
service.
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AHAJIA3 YCTPOMCTB IOBOPOTA KOJIECHBIX ITAP
B I'OPU30HTAJIBHOU IIJIOCKOCTH

Auexcanap I'osry6enko, Anapeii Manoxarko, Cepreii Kinoes, Anexcanap Kiroe

AHHOTanus. B cTaThe NpHBEEH aHAIM3 YCTPOHCTB MOBOPOTA KOJIECHBIX Map B FOPU30HTAIBHOM IJIOCKOCTU
¥ BBIOOpD KOHCTPYKTHBHOH cXeMbl. OmpereneHsl HapaMeTphl IBIKEHUS OJMHOYHOH KOIECHOH Iapsl B
IpsSMOM IIyTH M PajdyCc KPUBH3HBI IIyTH, B KOTOPOM BO3MOXKHA pajHanbHas CaMOYCTaHOBKA OOBIYHOU
KonecHoi nmapsl. [TokasaHa 11esecoodpa3HOCTh NCHOIB30BAHMS KaXKI0T0 BHIa TIOBOPOTHBIX YCTPOHCTB.

KuaroueBbie ciioBa: IIOBOPOTHOC yCTpOﬁCTBO, KoJieCHas 1apa, OaHIax, HEBpaljaronasacsa ocb, H3HOC,
PEIBCOBOE TPAHCIIOPTHOE CPEACTBO.



