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INVESTIGATION OF THE INFLUENCE OF FRICTION PAIRS
GEOMETRICAL PARAMETERS OF WAGON TRUCK SPRING -
FRICTIONAL SET ON THE EFFECTIVENESS OF THEIR OPERATION

Summary. The article gives an account of the results of the analytical and numerical
modeling of force action of friction pairs “truck bolster — frictional wedge” and “friction-
al wedge — frictional plank”. There have been obtained formulas for determining con-
straint reactions according to friction pairs geometrical parameters which makes it possi-
ble to find their rational values.

NCCIEJOBAHUE BIIMAHUA TEOMETPUYECKUX [TAPAMETPOB ITAP
TPEHUA [TPYKMHHO-OPUKIITMOHHOI'O KOMIUIEKTA TEJIEXKHU
I'PY30BOI'O BAI'OHA HA O®®EKTMBHOCTD UX PABOTDI

AHHOTanusi. B cTaThe M3MO0XKEHBI PE3YNbTATHl AHATUTUYECKOTO U YUCIEHHOTO MOJIE-
JUPOBAHUS CHJIOBOTO BO3CHCTBHS TMap TPEHUs «HAJIpECCOpHas Oaika — QpUKIUOHHBIN
KIUH» U «QPUKIMOHHBIA KIMH — (DPUKIMOHHAS IDIaHKa». [lomydeHsl QopMyIbl Js
OTpEICICHUS PEaKlUy CBsI3eH B 3aBUCUMOCTH OT T€OMETPUUECKUX MapaMeTpoB Map Tpe-
HUS, KOTOPBIE MO3BOJIAIOT HAUTH WX palldOHATbHBIC 3HAYCHUSL.

1. FORMULATION OF APROBLEM

A spring-frictional set of model 18-100 wagon truck has been structured in such a way that its fric-
tional wedges 2 and 3 contact only with three hardbody elements — truck bolster 1, frictional plank 4
(or 5) and double springs 7 (or 8) (Fig. 1).

In Fig. 1 1 is the tail unit of the truck bolster; 2 and 3 are frictional wedges; 4 and 5 are frictional
plank; 6 is spring sets under truck bolster; 7 and 8 are sets of wedged springs; 9 is a solebar.

In [1] the spring-frictional truck set of wagon model 18-100 has been analytically modeled in a
simplified manner. At the same time there has been obtained a final analytical formula for finding
constraint reactions of frictional wedges on truck bolster without allowing for the constructive features
of frictional wedges and inaccuracies in manufacturing their inclined planes.

In [2] there has been considered the model and developed the method of computation of constraint
reactions of spring-frictional truck set of wagon model 18-100 allowing for possible edge contact of
units rubbing each other from different sides. However, while creating a computational model of fric-
tional wedge 2 (or 3) as a research object it would be advisable according to the principle of freeing
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from the constraints [3] to replace the surfaces of its contact with the truck bolster 1 and frictional
plank 4 (or 5), as external constraints only by two constraints reactions in the form of R:, replacing
the truck bolster and R2, replacing the frictional plank.

~1 L

Fig. 1. Spring-frictional truck set loaded with the force from the pressure from the body of the wagon with cargo
Puc. 1. IIpyxuHHO-(PUKIIMOHHBIN KOMIUIEKT TEJIECKKH, HATPYKEHHOHN CHIION TaBICHUS Ky30Ba BaroHa ¢ TPy30M

In [4] there has been derived the formula of nhormal reaction on the equivalent inclined surface dur-
ing the motion of the frictional wedge downwards based on the assumption that the frictional wedge is
additionally loaded with the lengthwise force applied to the truck bolster allowing only for wedged
springs reaction. The obtained formula does not contain the weight of the wagon with cargo and the
reaction of cushioned springs. Moreover, in [4] it is not specified which of frictional wedges are over-
loaded and which are unloaded.

In [5, 6] there have been presented the results of the analytical and numerical modeling of force ac-
tion of friction pairs “truck bolster — frictional wedge” and “frictional wedge — frictional plank” of
spring-frictional truck set of 18-578 wagon model. The equations of truck bolster equilibrium as a
physical object have been solved analytically. There have been obtained formulas for determining
constraint reaction according to geometrical parameters (tilt angle of contacting surfaces) of friction
pairs. However, in [5, 6] the investigation has been performed without taking into consideration the
lengthwise force acting from the adjacent leading wagon and applied to the truck bolster.

1.1. Man-made assumption

To be able to consider asymmetrical allocation of hardbody cargo with respect to symmetry axis as
in [5, 6] it is necessary to obtain analytical formulas for determining constraint reaction in friction
pairs “truck bolster — frictional wedge” and “frictional wedge — frictional plank” according to the
lengthwise force acting from the adjacent leading wagon towards the truck bolster and their geomet-
rical parameters.

Let us assume that through the wagon frame vertical towards truck bolster center bow! there are being
transferred pressure forces from the frame of the wagon with cargo [5, 6]. The pressure force of the truck
bolster with cargo in the form of Q¢ (or Qp) will act upon on the truck spring sets of the wagon. Elastici-
ty forces of spring sets exert pressure on the truck bolster and frictional wedges and through those also
on the truck solebars. Furthermore, we will take into consideration only one segment Fy, of lengthwise
force F, applied to the truck bolster from the automatic coupling devices of the leading wagon because
the other segment F,, will be applied to the truck bolster of the rear truck [7] and the third one — to the
automatic coupling devices of the driven wagons.

Let us consider a computing model of the mechanical system “truck bolster — frictional wedges —
frictional planks” in the way it is shown in Fig. 2. Here Fq is reactions (elasticity force) of wedged
spring sets exerting resistance to the downward transition of the truck bolster 1 (5 units) (Fig. 3a) and
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F; and Fg reactions (elasticity force) of wedged spring sets exerting resistance to downward transition
of frictional wedges 2 and 3 (Fig. 2b, d).

Fig. 2. Computing models of truck bolster 1 and frictional wedges 2 and 3
Puc. 2. Pacuérnbie Mozenn HajpeccopHoit 6anku 1, 1 GPUKIMOHHBIX KIMHBEB 2 U 3

In Fig. 2a the following designations are accepted: N»1, N3; and F21, F31 are normal and tangent
components of constraint reactions (frictional wedges) 2 and 3; o, and o, - are the tilt angles of the
truck bolster surfaces to the horizon, rad. (o = 45° +1°); in Fig. 2 b, d: N12, N1z and Fi12, Fi13 are
normal and tangent components of constraint reaction on wedges 2 and 3, N4, N5 and F4, F5 — are

. . . T T .
normal and tangent components of constraint reaction (frictional planks), v, < E and vy, = 5 tilt

angle of rear surface ABED of frictional wedges 2 and 3 , contacting with frictional planks 4 and 5,
rad. (yp = 88°-1°, y2 = 92°+1°).

Let us study truck bolster equilibrium 1 (Fig. 2a). The truck bolster 1 experiences: reaction R»; and
Rs31 of frictional wedged 2 and 3 which are disintegrated into normal and tangent components - Ny,
N3; and F21, Fr31; active force Qc, equal to half of the reaction falling on truck bolster 1, and reactive
force in the form of the resultant of the reaction of spring sets 6 Fs. We assume that the inclined sur-
faces of the truck bolster are manufactured with inaccuracies, i.e. a1 # oo, where o, and o, are tilt an-

gles of the surfaces of truck bolster 1 to the horizon, rad. (a; = 134°30" +1°, ay = 45°30" +1°).

During analytical investigation let us assume that just as in case of [5, 6] tilt angles of surfaces (o4
and o) of truck bolster 1, frictional wedges 2, 3 and frictional planks (B, B, and yi, y,) have different
values (o1 # o2, B1 # B2, and y1 # v2) which corresponds either to the fact of their being manufactured
with inaccuracies or allows for nonuniform wear of their surfaces. We also assume that gliding friction
coefficients f between contacting surfaces of the truck bolster (f; and f,), frictional wedges and planks
(f3 and f,) have different values.

For solving the set applied problem we will use a kinetostatic method from the course of theoretical
mechanics [3].

2. SOLUTION RESULTS

Let us set up two equilibrium equations of planar force system equating to zero the sum of projects
of all forces on axes x and z.
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N,, cos(ot, —g) + F,,, cos(a;) + N, cos(a., +g) +Fcos(a,)+F,=0; (1)

N, sin(o, —g) +E,, sin(a,) + Ny, sin(o, +g) +F,sin(0,)-Q. +F, =0 (2)

Here we have two independent equilibrium equations and four unknown ones: N1, N3jand F 21,
F.31. To solve the problem it is enough to add to equations (1) and (2) the equation resulting from the
Coulomb’s law.

F<fN, (3)
where: f — is a coefficient of gliding friction between contacting surfaces of truck bolster 1 and fric-
tional wedges 2, 3 and also between frictional wedges 2,3 and frictional planks.

Substituting equations (3) for (1) and (2) after equation rearranging we have:

aN,, +bN,, =-F_;
CN21 + dN31 = Qc - Fe ) (4)
where: a, b, ¢ and d are constant coefficients:

a = cos(a, —g) + f, cos(a,); b=cos(a, +g) + f, cos(a,);
¢ =sin(a, —g)+ f,sin(a,); d =sin(o, +§)+ f,sin(a,); )

According to the Kramer rule [8] from the system (4) we find normal components of constraint re-
action (frictional wedges 2 and 3) when inclined surfaces of truck bolster 1 are manufactured with
inaccuracies

le[sin(a2 +g) + fzsin(az)]+

-_—— 6
2= —be (6)

+(Qc - Fe)(cos(oc2 +g) + f, cos(cxz)j |

B 1
% ad-bc

Qe - Fﬁ)(cos(ocl . g) + 1, cos(ocl)j +

(7)
+ le(sin(ocl —g) + flsin(al)j

Matrix which is set up from coefficients under the unknown of system (4) and calculated in a sym-
bolic way (9) is equal to:

ad —bc =sin(a,) cos(a,) +sin(a, ) f, sin(a,) +
+ f, cos(a,) cos(a,) + f, cos(a,) f, sin(a,) +
+sin(a,) cos(a, )(—1) +sin(a,) f, sin(a,) +
+ f, cos(a,) cos(a,) — f, cos(a,) f, sin(a,).
Taking into consideration the fact that if the angle is negative then the function is reduced to the

(8)

function of the positive angle according to formulas sin(a—g)=—sin(g—a):—cos(oc) and

cos(a _E) - cos(—(ﬁ—a) =sin(a) [8], correlations (6) with a glance of expression (8) will be presented
2 2

in the form:
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1
"~ sin(a,) cos(at, ) +sin(a,) f, sin(o,) +
+ f, cos(a,) cos(a,) + f, cos(a,) f, sin(a,) +
+sin(a,) cos(a,)(-1) +sin(a., ) f,sin(o,) + . 9)
+ f, cos(a,) cos(a,) — f, cos(a,) f, sin(a,)

{le(cos(ocz)jt f,sin(a,))— }

NZl_

—(Q. - F,)(sin(a,) - f, cos(ar,))
N., = 1 X
* sin(a,) cos(a,) +sin(a,) f, sin(a, ) +
+ f, cos(a,) cos(a,) + f, cos(a,) f, sin(a,) +
+sin(a, ) cos(a, )(-1) +sin(a,) f; sin(a,) + (10)
+ f, cos(a,) cos(a,) — f, cos(a,) f, sin(a,)
(Q. — F,)(sin(a,) + f, cos(at,)) -
{— F, (cos(a,) — f, sin(a,)) }

In a particular case when f; = f; and a, = a, +§ which correspond to the condition of inclined

surfaces of truck bolster 1 without inaccuracies. Expressions (9) and (10) will be presented in the fol-

lowing way:
N - 1 le(cos(a2)+. f, sin(a,))- ; 1)
1- f12 - (Qc - F6)(Sln(OL2) - 1;1 COS(OLZ))
N, = 1 (Qc - |.:6)(COS(OL2) - flsin(az))"' _ (12)
1—- 2|+ F,(sin(a,) + f, cos(a,))

i.e. N31 = N2; under F1x = 0 which agrees with the results [1] and provides evidence of the correctness
of obtained analytical expressions.

The character of constraint reaction changing (of frictional wedges 2 and 3) according to tilt angle
variation (a1 and a) of friction pair inclined surfaces “truck bolster — frictional planks” with and
without allowing for inaccuracies of their manufacturing in accordance with formulas (9) and (10) is
presented in Fig. 3a- d.

The analysis of dependences N1 (a1) shows that with increasing angle a; which corresponds to de-
creasing ap, constraint reaction increases while with its decreasing the situation is reverse. In case of
allowing for inaccuracies of manufacturing of inclined surfaces of friction pairs the value of the con-
strain reaction is larger than in case when they are not allowed for.

Comparing values N21(a1) and Nzp(a) it should be noted that Noi(a1) < N3p(a2) due to the action
of lengthwise force of the adjacent wagon Fi, on the truck bolster. This is most like the reason of more
complete contacting of friction pair “ frictional wedge 3 — frictional plank 5” than in case of friction
pairs “frictional wedge 2 — frictional plank 4”.

Now let us consider equilibrium of frictional wedge 2 (Fig. 2b).
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Fig. 3. The character of changing of constraint reactions N;(a;) and Nz;(a): a), €) and b), d) — without allowing
and with allowing for inaccuracies of manufacturing of friction pair inclined surfaces

Puc. 3. Xapakrep usmenenus peakuuu cesizeid Npj(aq) 1 N3j(ap): a), ¢) u 6), 1) — 6e3 yuéra u ¢ y4étom
HOFpeHIHOCTeﬁ HU3roTOBJICHUS HAKJIOHHBIX HOBerHOCTeﬁ nap TpeHus

According to the axiom of action and reaction law frictional wedge 2 experiences the action: normal
N12 = — N2 and tangent F,12,= — F;21 components of truck bolster reaction R12 = — R21; normal N4 and
tangent Ft4 components of frictional plank 4 reaction R4as well as resultant of spring set 7 reaction F7,

Let us set up force equilibrium equation for frictional wedge 2:

Ny, cos(a, + g) + F ., cos(a, + 1) + N, cos(y,) cos(B, + g m) +

(13)
+ F,, cos(y,) cos(B,) =0,
where yo — is the angle resulting from computation as in [5, 6].
Taking into consideration correlation (3) we will rewrite the above expressions
le(cos(oc1 + E) + f,cos(a, + n’)) +
? (14)

N, cos(yo)(cos(ﬁ1 + gn) + f, cos(Bl)j =0;

From correlation (14) taking into consideration (9) after all interim transformations we will find
normal component of frictional wedge 4 reaction.
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1

sin(a,) cos(a, ) +sin(a,) f, sin(a,) +

+ f, cos(a, ) cos(a,) + f, cos(a,) f, sin(a,) +

+sin(a,) cos(a, )(-1) +sin(a, ) f, sin(a, ) + (15)

+ f, cos(a,) cos(a,) — f, cos(a,) f, sin(a,)

X[le(cos(ocz) + f,sin(a,)) - . (sin(a,)) + f, cos(a,))
-(Qc - Fe)(Sin(az) -1, COS(OLZ)) COS(YO)(Sin(Bl) +f, COS(Bl))
The character of constraint reaction (of frictional plank 4) changing according to tilt angle variation

(a1) of inclined surfaces of friction pair “truck bolster — frictional planks” under a, = const without

and with allowing for inaccuracies of their manufacturing in accordamce with formula (15) are pre-
sented in Fig. 4a, b.
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Fig. 4. Character of changing constraint reactions Ng,(): @) and b) — without and with allowing for inaccuracies
of manufacturing friction pair inclined surfaces

Puc. 4. Xapakrep usmenenust peakuuu ceszeil Nyy(ay): a) u 6) — 6e3 yuéra u ¢ y4€TOM MOTPELIHOCTEl H3rOTOB-
JICHUA HAKJIOHHBIX HOBerHOCTeﬁ nap TpeHus

The analysis of the dependencies N42(a1) shows that with increasing angle o, constraint reaction
according to modulus decreases while with its decreasing the picture is the reverse. When allowed for
inaccuracies of manufacturing of friction pair inclined surface the value of the constraint reaction is
smaller than when it is not allowed for.

Let us get down to considering the conditions of frictional wedge 3 equilibrium (Fig. 2 d)

According to the axiom of action and reaction law frictional wedge 3 experiences: normal Ny3 = —
N3 and tangent F;13 = — F;3 components of truck bolster reaction R13 = — R3; normal Ns and tangent
F.5 component of reaction of frictional plank 5 Rsas well as resultant of spring sets 8 reaction Fg. We

should take into account that in Fig 2 d: v, 2% is tilt angle of rear plane ABED of frictional wedge 3

contacting with frictional plank 5, rad (y2 = 92° +1°).
Let us set up force equilibrium equation for frictional wedge 3 by analogy to frictional wedge 2:
N,, cos(a., +§n) + F_;cos(a, + ) +
(16)
+ N, cos(y,)cos(B, + g) + F_ cos(y,)cos(B,) =0.
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Taking into consideration correlations (3) from expression (16) and with a glance to (10) after all
transformations we will find normal component of frictional wedge 4 reaction

1
N, =
® sin(a,)cos(a,) +sin(a, ) f, sin(a,) +

+ f, cos(a,) cos(a,) + f, cos(a,) f, sin(a,) +
+sin(a,) cos(at,)(—1) +sin(a,) f, sin(a, ) + (17)
+ f, cos(a,) cos(a,) — f, cos(a,) f, sin(a,)
><{(Qc — F)(sin(a,) + f, cos(a,)) - y (sin(a,) — f, cos(a,))
~ Fy,(cos(ay,) - f;sin(a;)) cos(y,)(sin(B,) - f, cos(,))’

The character of constraint reaction (frictional plank 5) changing according to tilt angle variation
(a2) of inclined planes of friction pair “truck bolster — frictional plank” under a; = const without and
with allowing for inaccuracies of their manufacturing in accordance with formula (17) is presented in
Fig. 5a, b.
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Fig. 5. Character of changing constraint reaction Ns3(a): @) and b) without and with allowing for inaccuracies of
manufacturing friction pair inclined surfaces
Puc. 5. Xapakrep usmenenus peakiun cBsseil Ns3(0,): a) 1 6) — 6e3 yuéra U ¢ y4ETOM MOIPEIIHOCTEN U3rOTOB-
JIGHUSI HAKJIOHHBIX TTOBEPXHOCTEN Map TPEHUs

The analysis of dependences Ns3(a2) shows that with increasing angle a, constraint reaction ac-
cording to modulus increases while with its decreasing the picture is the opposite. When allowed for
inaccuracies of manufacturing friction pair inclined surfaces the constraint reaction value is smaller
than when not allowed for.

When comparing values Nj2(a1) and Ns3(ap) it is necessary to note that Ngo(ai1) << Nsg(a2) due to
the action of lengthwise force of the adjacent wagon Fix. Caused by this fact premature wear of fric-
tion pairs “frictional wedge 3 — frictional plank 4” as compared to friction pair “frictional wedge
2 — frictional plank “is only natural.

3. SUMMARY

Summing up the results of performed analytical and numerical investigations it is necessary to note
that the developed computed and constructed mathematical model of force action of friction pair
“truck bolster — frictional wedge” and “frictional wedge — frictional plank” with allowing for the seg-
ment of lengthwise force acting upon truck bolster enabled us to obtain analytical formulas for deter-
mining constraint reaction according to friction pair geometrical parameters which makes it possible to
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find their rational values affecting their operation effectiveness. There has been analytically proved
premature wear of friction pairs “frictional wedge 3 — frictional plank 5” as compared to friction pair
“frictional wedge 2 — frictional plank 4”.

References

1. Ho6wruun U. A.: Ocrosbi meopuu mexanuiecko2o yoapa ¢ nPUiodiCceHuem K 3a0aiam Heeie3H000-
PodicHo20 mpancnopma. y4eb. nocobue. 3n-so Ypanbckoro YHuBepcuteTa, ExatepunoOypr 1994,

2. I'mymiko M. U., AatponioB A. H.: Paboma npysicunHo-(ppukyuOHH020 KOMRIEKMA MEAEAHCKU 2PY30-
6020 6azona. Bectuuk BHUMIKT, Ne 5, 2004, c. 41 - 44.

3. TypanoB X. T., Boumapenko A. H.: Teopemuueckas mexanuxa 6 3a0a4ax HO2pY3Ku-6blepy3Ku
u nepesosku epy308 6 gazonax. Ypl' YIIC, ExatepunOypr 2006.

4. OpnoBa A. M.: Bauanue KOHCMPYKIMUGHBIX CXeM U NAPAMEMPO8 HONCEK 2PY308bIX 6A20H08 HA UX
YCMOUYUBOCHb, X0008ble KAYeCmad U HAzpyicénHocmy. JIucc. Ha COUC. y4. CTEIeHU II-pa TEXH.
Hayk. [II'VIIC, Cankr-IlerepOypr 2007.

5. TypanoB X. T., YepenoB O. B.: O606wénnas mooens npyrcunno-@pukytoHHo20 KOMIAEKMA me-
JiedcKu 2py306020 éazona. Tpancnopt: Hayka, Texauka u ynpasnenue, 2009, €. 32 — 36.

6. Typanor X. T., UepenoB O. B.: Yucnennoe mooenuposanue npyscunHo-GpukyitonHo20 KOMNieKma
menedcku epy3068020 éazona. Tpancnopt: Hayka, Texuuka u ynpasnenue, Ne 1, 2010, ¢. 10— 13.

7. YepenoB O. B.: Memooonozusa oyenku mexuuuecko2co coCmosiHus X0008blX 4dcmell 2py308020 6d-
20Ha, Kaxk ycmpoucmea npeoopazosanus cu. Tpancnopt Ypana, 2009, Ne 6, . 61 — 64.

8. Bponmreiin U. H., Cemennses K. A.: Cnpasounux no mamemamuxe 015 UHNCEHEPOS U YUAUJUXCSL
emy306. Hayka, Mocksa 1964.

9. Kupesiros J1.: Camoyuumens MathCAD 13. BXb-Ilerep6ypr, Cankr—IletrepOypr, 2006.

Received 02.03.2010; accepted in revised form 20.03.2011



	Khabibulla TURANOV*, Oleg CHEREPOV

