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® (OCHOBHOE 3Ha4YCHHE» — OyIeT NPHCBOCHO,
€CJIN CpeAHMH ypPOBEHB IIyMa IPH MPOU3BOJCTBE pa-
00T, a TaKkKe OTCYTCTBYET MyCOp Ha CTPOHUTEIHHOM
TUTOIIA/IKE ¥ HE3HAUYNTEIFHOE KOJTMIECTBO BEIXJIONOB B
aTMocdepy;

® «BepxHee 3HAYCHHE» — OyIeT IMIPUCBOCHO, €CIH
HU3KHH YPOBEHB LyMa IIpH NPOU3BOJCTBE padoT, OT-
CYTCTBYET MyCOp Ha CTPOWUTENBHOHN IIIOMIagKe W OT-
CYTCTBYIOT BBIXJIOIIEI B aTMOC(EpY.

5.be3onmacHOCTH IPOU3BOACTBA.

JlaHHBIN TIapaMeTp XapakTepu3yeTcs 0e30ImacHo-
CTBIO TIPH BBITyCKE 00OpYAOBaHHWA, OE30IMACHOCTHIO
TIPY SKCIUTyaTalluy 000PYIOBAaHIS U P BEITIOTHEHUHN
0eTOHHBIX paboT NPH KOHTYPHOM CTPOHUTEIILCTBE.

YpoBHU BapbHPOBaHUS:

® (HIDKHEE 3Ha4YeHHe» — OyJeT MPUCBOCHO, €CIH
He o0ecrieunBaeTcs 0e30MacHOCTh MPH BEHITYCKE 000-
PYIOBaHUSA, TIPU AKCIUTyaTallid 000pyIOBaHUSI U TIPH
BBITIOJTHEHUH OCTOHHBIX paboT MpH KOHTYPHOM CTPOH-
TEJBCTBE;

® «OCHOBHOE 3HA4YeHHE» — OyAeT NPHUCBOCHO,
ecnu obecrieunBaeTcsi 0E30IIacCHOCTh MPHU  BBIMYCKE
000pyOBaHusl, IPU JKCILUTyaTallud oOOpYIOBaHUS M
BBIMOJIHCHUH OCTOHHBIX PabOT MPU KOHTYPHOM CTPOU-
TENILCTBE C IPUMEHEHHUEM JOIOJIHUTEILHOTO 000y 10-
BaHUS W/WIH BO3MOXHO IPU NMPUMCHEHUH WHBIX CIIe-
UATBHBIX PadoT;

® «BEpXHee 3HaUeHHE» — Oy/eT MPUCBOCHO, €CIIU
obecrieunBaeTcs BbICOKast 0€30MacHOCTh MPU BBITYCKE
000pyIOBaHUsl, IPU JKCILUTyaTallud oOOpYJOBaHUS M
MIPY BBIMOJTHEHUH OETOHHBIX PadOT MPU KOHTYPHOM
CTPOUTENLCTBE, 0€3 MPUMEHEHUS JOTMOJHUTEILHOTO
06opyIoBaHUS.

BriBoag

[omyuyeHHBIE TTapaMeTphl HA OCHOBaHHU OMPOCa
SKCIIEPTOB U CIICIHATUCTOB B O0JACTH KOHTYPHOTO

CTPOMTEIILCTBA, C BAPUATHBHBIMU 3HAYCHUSIMH, TI03BO-
TAT chopMUPOBATh MATEMATHIECKYIO MOJICITb IJISl BBI-
60pa Bra KOHTYPHOTO CTPOUTEIIBCTBA.

B 3axmodeHnn X0Tenock ObI OTMETHTH, YTO BBI-
IICH3JI0KEHHOE TTO3BOIIIIO COPMYITHPOBATH CIEIYIO-
Iyl 3amady: (OpMHPOBAHHE MaTEeMaTHYECKOH Mo-
JIen UTst BEIOOpa MeTo1a KOHTYPHOTO CTPOUTEIHCTBA,
B 3aBUCUMOCTH OT MOJYYCHHBIX 3KCIIEPTHBIM OIIPOCOM
apaMeTpoB.
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The article discusses the issues of substantiating the optimal parameters of traveling wheels of overhead
cranes of various designs. The estimation of the optimal taper of bevel running wheels is given and the resistance

of movement is determined.

Keywords: running wheel, bridge crane, taper, movement resistance.

Traveling wheels for cranes, crane trolleys are
made of various designs, different sizes, from different
materials. Some groups of travel wheels are standard-
ized, others are manufactured according to the stand-
ards of factories.

As practice shows, in some cases, typical crane
equipment does not have the necessary durability [1].
Many scientists have studied the dynamics of hoisting
machines [2-4]. The running wheels of bridge cranes

need special attention [5, 6]. Crane wheels are the fast-
est wear element of the crane [7, 8].

On bridge, gantry and other cranes, as a rule, cy-
lindrical double-flange wheels are used. On railway and
other cranes in the presence of intersection of rails, in
some on bogies of bridge and gantry cranes, single-
flange running wheels are used. If the direction of
movement of the crane is made using special rollers,
then the wheels are made without flanges. These rollers
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are installed on the opposite side of two racks, or two
rollers span one rack. The rolling surfaces of the guide
roller can be spherical with a radius of curvature of
250-350 mm. The width of the tread surface of the
flangeless running wheel must be at least 60 mm greater
than the width of the rail head.

The use of flangeless running wheels with guide
rollers significantly reduce friction losses, since the
rolling friction of the roller on this rack is less than the
sliding friction of the flange on the rail, and, accord-
ingly, the installed power of the motors of the travel
mechanism decreases and the service life of the running
wheels is significantly increased.

A slope of two bevel gears with total axle rigidity
towards the axle was considered by B.S. Kovalsky in
work [9], the speeds of wheels 1 and 2 are respectively
equal:

n=v(1 +D£0y) Q)

k
VZ—V(l—D—Oy) )
Where V is the speed of the center of the ramp,

which is assumed constant, V=const. Warning wheel 2,

wheel 1 creates a skew of the slope at a speed ¢
(p' __ " 2k

P4 3)
Under the law of motion of the center of the slope
y=y(x) we have for ¢ the value ¢=y'(x) and since
p=pV. )
y o+ p2y2=k 0 4)
p* = oL ®)
Where
y = (; cos px + C,sinpx. (6)
Which for yo=yo(0) gives
Y = YoC0S PX (7)
In this case, we have a harmonious movement with
a wavelength:

== (8)
14
In the case of a four-wheel overhead crane travel-

ing on two driven bevel wheels and two bevel or cylin-
drical idle wheels, B.S. Kowalski received [10]:

y = yoe ¥ cospx, 9)
¢ = pYy, sinpx. (10)
Where
1= (11)
p= 2, (12
2
n="2% (13)

With the base of the crane K—0, we have h—0, e
# 1 and the dependences (9), (10) and (11) transform
into the equations of motion of the ramp.

Dependencies (9) — (13) quite accurately corre-
spond to the movement of the center of the crane and
can be used regardless of the direction of movement of
the crane. B.S. Kowalski proved that experiments con-
firm not only the constancy of the movement of the
crane on bevel wheels but also the damping nature of

the trajectory of the center of the crane, and is the con-
tent of the "effect of bevel drive wheels" or "taper ef-
fect”.

Dependencies (9) and (10) can be supplemented.
So, for the speed of the transverse movement of the
crane we have:

—ax

V, = pyoe™** sinpx. (14)

With p=0,1 m ™ and yo = 0.03 m, Vy = 0.003
should be. To move the idle wheel we have:
Yax = Y(@) + ()5, (15)
What gives
2
max Yy, = Yo [1 + %]. (16)

At p=0,1, K=5m, we have y=1.04 and the gap
that is needed between the rail and the flange of the
drive wheel. Some authors recommend accepting the
width of idle wheels more than driving ones. R. Garry,
on the contrary, recommends reducing the width of idle
wheels in order to reduce the skew of the driving
wheels, which in some cases causes friction of the
flanges.

The given dependences (9) - (13) are sufficient to
represent the movement of the crane and can be used in
experimental studies. In this regard, let us consider the
experiments carried out G. Broughton. For a crane with
a lifting capacity of 5 tons, we have: L=25,9 m, K=5,2
M, D=0,76 m, k=0,125.

In this case:
p = /”'“5 = 0,11, n=0,0163 m,
30-1020
1=2=2"=571m.
P 0,11

Experimental data I1=61 m.

Measurements of the trajectory of the crane move-
ment give y1=yo=50 m, y1=25 m.

These data differ from the law of motion accord-
ing to (9) and B.S. Kowalski proposed to limit the y1/ys
ratio by setting the order.

Some experts talk about the possibility of in-
stalling wheels with reverse taper, that is, according to
scheme 6 (a), instead of solution 9 (b). At the same
time, the results of experiments at the «Elektrostal»
plant and studies of the operation of several cranes for
10 years at the «Norilsk Mining and Processing Plant»
are used. B.S. Kowalski explains this by the fact that in
some cases the cranes work satisfactorily, since the
movement of the cranes takes place on a part of the
track without the participation of flanges until the gaps
between the rails and flanges are exhausted.

In reality, both cases are fundamentally different.
In case (a) we have the equation of motion of the slope
y +p?y=0, which indicates a stable motion, in case (b)
we will have y - p?y=0 and unstable motion.

The effects of non-parallelism and curvature of
rails and frequencies have been studied by crane de-
signers, although track conditions are significantly af-
fected in many cases.

In order to represent the real crane path by a proper
approximation, various "assumptions" are made, for
example in S. Bobov the calculated crane path consists
of the segments of a way with direct parallel rails re-
turned concerning each other. At work V. Sobolev, the
rails of the crane track are represented by sinusoidal



56

Sciences of Europe # 63, (2021)

arcs of the sin zx/I type, where I is the path length of the
order of 30-40 m and more.

Since the length of the rails and crane girders re-
quires fairly frequent assessments of the state of the
rails, a different solution to the problem is needed. B.S.
Kowalski suggested using Fourier rows to represent the
crane runway. If y is the lateral displacement of the
crane, and y is the deviation of the rail from the design
position, then the equation of motion y +p2%=0 will be
different y - p%y=0.

Comparison of the solutions of the above equa-
tions allows one to estimate the influence of y', and y’
is written by the Fourier series according to the instru-
mental survey of the rail track. Such a solution to the
problem was proposed in 1939 by B.S. Kowalski and
implemented in V.M. lvanov, tracks were surveyed at
several plants in Donbass, processing was carried out
for six members of the Fourier series, different taper
values appeared in the solution of the equations.

When choosing the taper k, take into account its
influence on the value of the lateral loads of the rail, on
the value of the eccentricity of the normal load relative
to the rail axis e=kr/2 at k=0,08-0,10-0,125 and r=400
mm, we have ¢=16-20-25 mm for the impact k and the
trajectory of the crane. From the research of V.M.
Ivanov, the values k=0,08-0,10 follow, previously the
value k=0,125 was taken, which significantly increased
the lateral movement of the crane, some authors recom-
mend the value k=0,20-0,30, but these values are not
entirely accurate.

B.S. Kowalski wrote that the tolerance for the
choice of taper can be quite wide, but the tolerance for
the taper of paired drive wheels should be as minimal
as possible.

With a satisfactory state of the track, high-quality
manufacturing of cranes, the latter work well on cylin-
drical double-flange wheels, however, track defects,
the difference in the diameters of the drive wheels in
terms of the track are sharply noted in the wheel perfor-
mance. The correct movement of the cranes is ensured
by the flanges, in case of defects in the track and the
crane, the intensity of the flanges leads to increased
wear, in our practice the bulk of the cylindrical double-
flanged wheels are rejected due to the wear of the
flanges.

If the difference in the diameters of the driving
wheels is m, the wheel skew y, the ratio of the crane
span to its base t=L/k, then each revolution of the run-
ning wheel corresponds to its displacement across the
rail by d=mz/t+yxD. When using cylindrical double-
flanged wheels, 7=6.

When m=10-3D and y=0,6-10-we have:

5= 10—3n§ +0,6-1073zD = 2,42 - 1073D. (17)

For example, with D=630 mm, we have §=1,52
mm. With a symmetrical installation of the wheel on
the rail, the distance from the flange to the wheel is
25/2=12.5 mm, that is, the gap will be exhausted after
12,5/2,42=5 wheel revolutions. In reality, the situation
is different, since at the distance between the crane rails
the tolerance is 15 mm. In this case, it is possible for
the crane to jam on the rails, or when the crane moves,
the path increases or decreases due to the deformation
of the track and the supporting structure.

Heavy wear of the flanges is a sign of insufficient
attention to overcoming wheel skews and the quality of
track manufacturing. The tolerances that apply to the
laying of rails must be tighter.

The resistance to movement of workshop over-
head cranes is generally equal to:

W =W, +W,. (18)

For cranes in an open area, a wind load W, is
added. Resistance on slopes:

W, = iG. (19)

Where i is the average slope;
G — is the weight of the crane.
In general, i=0-0,002, sometimes more.
The frictional resistance is:

W, = aw,G. (20)
Where

w, = 228, (21)

Coefficient a is introduced to take into account the
friction of the flanges, a=1,5+2, sometimes more, f is
the reduced coefficient of friction in bearings, usually
f=0,001-0,002, d is the bearing diameter, k is the coef-
ficient of rolling friction of the rack wheel.

The value of k depends on the dimensions of the
contact plane. In the case of a running wheel on a flat
rail, on the basis of Dumas's experiments, k=0,1-b, with
a contact strip width of 2b.

For an elliptical contact area, it is assumed that
k=0,1-a, where « is the semi-axis of the ellipse oriented
along the movement of the crane.

The dimensions of the contact plane are deter-
mined by the formula of G. Hertz, which takes into ac-
count the magnitude of the load P, the modulus of elas-
ticity.

We have:

k=082-10"* |2, (22)
B

There are noticeable differences in the assessment
of the coefficient of friction f in the wheel bearings,
meaning the use of rolling bearings. There are f=0,002
(Huser), 0,01 (NKMZ), 0,015 (VNIIPTMASH), 0,02
(UZTM, STM).

B.S. Kowalski believed that the value f=0,01 is
quite convincing and somewhat overestimates the real
value of friction. This does not exclude the possibility
of a different estimate of f taking into account the spe-
cial operating conditions of the crane, for example, the
ambient temperature.

In general, the movement of the crane is skewed.
With bevel wheels, distortions are localized in harmo-
nious movement, or there is a weak contact between the
flanges and the rail heads. With cylindrical wheels,
considerable friction arises between the flanges and the
crane rail and the resistance to crane movement in-
creases markedly. In addition, frictional forces act on
the pressure-shifted flange during full sliding. Estima-
tion of additional loads using the flange coefficient a is
complicated by the fact that in the expression wy=awy,
the values of o and wy can be varied simultaneously.

Higher f values can decrease a. For the case of
four-wheel cranes with bevel drive wheels, a=1 is
taken, for cranes on cylindrical wheels, the flange ratio
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is a=1,5+1,6 with a central one and a=1,9+2,0 with a
separate drive.

The resistance wy is taken equal to wy=tgy=y,
where v is the angle of inclination of the rail, which is
formed by assembly tolerances and deformations of the
supporting structures of the beams. This calculation
should be clarified, since the resistance is different for
the four wheels of the crane and the value of the re-
sistance:

Wy = 1 tv2 tvstrvd/4 (23)

With sufficient rigidity of the bridge, we are talk-
ing about raising the center of gravity of a loaded crane,
which on average is much less than the maximum.

The preservation of the flanges of the traveling
wheels implies additional protection for the crane, in
particular this explains the tradition of using double-
ribbed traveling wheels. With the reliable operation of
the rollers, the running wheels can be made without
flanges. This greatly facilitates and reduces the cost of
the movement mechanism.

In the case of bevel double-flange travel wheels,
the direction of movement of the cranes is selected due
to the tapering effect of the two drive wheels with a ta-
pered tread surface. ldle wheels can be cylindrical.
Since the flanges are not involved in the work, the ser-
vice life of the travel wheels increases dramatically. Re-
duction of lateral loads, reduced dynamics of move-
ment, better adaptability to defects in crane runways al-
low us to recommend their use in many cases in
practice. It is also necessary to take into account a sig-
nificant reduction in the energy consumption of cranes,
a decrease in the loads of the movement mechanism.

The resistance to crane movement is determined
by the formula:

W,=(1,1+1,2)w,G.  (24)

Bevel wheels can be flangeless, but horizontal
rollers should be used to protect against wheel derail-
ment.

Resistance to movement in this case will be deter-
mined by the formula:

W, = w,G + 25wy (25)

In ideal designs with full realization of the taper
effect, the second term in formula (25) is meaningless.
But on defective sections of the crane track, it is possi-
ble to include rollers in the work, therefore, we keep
formula (25) in the same form, bearing in mind that,
based on the strength of the rollers, there is a much
lower number of revolutions than in the case of cylin-
drical wheels, about 10 %.

Conclusions. The engine power is selected in ac-
cordance with the resistance to the movement of the
crane, but when starting the crane, the engine must
overcome the mass of the crane or the masses reduced
to the running wheels, the rotating drive elements of the
travel mechanisms. Permissible approximately double
short-term overload of the motor (the motor is checked

by the starting torque), with a greater value of inertial
load, a motor with a higher power should be used.

In some cases, it is possible to reduce inertial loads
by increasing the acceleration time, for example, by
correcting the electrical circuit. At the same time, it
should be taken into account that in the power flow of
the engine-gearbox-travel wheels, a significant part of
the inertial load is absorbed by the flywheel moment of
the engine, the effect of inertia forces is the less, the
further from the engine is the element designed for
strength.
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