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ABSTRACT

A method s Suggested te investigate t he kinetics of
Lilbocontact effect in cylindrical con Jugations of deformation
fodies of cutting confi guration haxing close radii. Its
easentials are  as follows: an  equatlion af the =sliding
triboprocess. a method toe calculate the tr Lbocontact pressures
L Lhe inner contacts of bodies of o utting configuration, and
+ degoeription the cutting of cylindrical bodies, that
results either from a production method or from wear. For the
i pose of solving the problem of prognosticati ng the longlife

f sliding tribosystems, s kivd of deci sion tfunctions has been
determined of Lhe tribocontact areas t ransformation, due to

flesir  elemeni wesr . Few this purpose a method has been

Lroposed. Lo, Lo determine the Ltribocontact pressure
3 calculation ratio of
es  1nto account  the

Punction, and. by applving the nethod.
fonglife  has  been  obtained which o
cubtlng configuration ot the bodies, their kinenatics,
costings,  the unequal tLtensile properties of the materials.

lution has been presented for cylindrical bearing.

Hiutimerrical
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liding tribosvstems of o vlindrical bodies find sufficient
rpplication in engineering C plain bearings, beari ngs and pilot
Peoarings, rocker bearings., slidi ng  socket  joints and some
ther joints In engineering practice, the existi ng methods
eaf their longlife pr cgrnostications  are, for SCome reasons,
Leing restricted 1n spplication. In particular this 1s due to
P sssumptions and hyvpotheses that contact  wear is directly
proporticonal to coantsct pressure. that tri bosystem elements
e non-deformable or rigid, that their contours are not oval
orob cutting confirguration. of the Hertz contact .
his report JL ves an sccount of how the kinetics of
leformation bodies tribocontasct effect were investigated, on
~hirch basis has been realized the prognostic evaluation of the
liding tribosystems resource or wear of t he bodies with the
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contours having a slight difference from the circular ones.
RAISING THE PLANE TRIBOCONTACT PROBLEM

In a cylindrical conjugation of bodies with cla radil
Cfig.1> under the external strain N any of the contact
elements Cor bothd undergoes a relative travel C(rotational,
oscillating, alternating>. In general, the contours of the
bodies in contact have the starting :SKC «, 02 or the degrading

disturbances shaped as cutting of dive

‘SK‘C o, b small e

complexity, which is determined as follows:

S Conhd = -13% [R Cod £ h Co,td - 1

where K — is numbers of the bodies; at K=1 the symbol “plus”

iz taken, and at K = 2 - "minus” is; <« 1s the polar angle of
the contour point; !-?.k(f ) - the radii-vectors of the baodies
contours at h = O; R’.K - the radili of the bearing circles the

one inscribed into the contour of body & at K = 2 and the
escribed one, round the hole contour in bady 1 at K = 1.

=
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Fig.1l. Coalculation scheme tribosvstem
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[t is assumed that there 1s a clearance S=F —F,z in  the
1

conjugation. The materials of the bbodies may have unequal
zlasticity characteristics.

The problem is to determine the resource t.K of the tribosystem
el ements at reaching admissible wear h o Ca.bl) or Lo assess

®K
wear hx performance for the approved unit longlife Lo
Tribokinetic equations system is ftaken of the kind CAndrejkiv

and Chernets, 19310 Ah Coe b

X8 (> =1 ca

K
where V is sliding velecity; ¥ - the material wear root
functicon determined from triboexperimental investigations CP =
Vtohd; o= tCa,S,t.hd = fpla,é.t,hd - specific force of

effrcient of

friction.calculated according te Coulomb; -
sliding friction; pCo, &, t,hd-tribocontact pressure.

For approximating the test results, the fellowing cor: 2lation
13 used:

= o) Lr,m IR
‘I’Kt_r) = E!Kr; S S B O3
G F . ~ -
whier e B, m, T Ar e characteristics of friction wear

resistance of the material.
Cetermination of Tribocontact Fressures. For conjugations of
bodies with cuttings the fundamentsl equation of the problem
is oas .followsA &

oo 15

=9

¥ s 0% ~tCE S, L, D $ = k SCE, S, R + Kk Gty Sy Behidde
K J' ctg=——p CO, &, 0, h> dd k, pC#.s 3] kg j 3, hde
-t el P
‘ od ‘ o
[
ad 5
+ ok cosa r pla, &, . nd cosa da + £/R B _-sina {2 [’ {a,ho-R -
E B T 2 1% i
-
Q2
e o 2 < e a2 R
T Ca,bDd-RT1 = [f Cx, ho ~E - f Ca, BT 1 + Cosa C4>
2% 2 1Yy 1 2y 2z
D s 2 . w2 R w2 2
i Ca, >R - f Coe, WD -RTY + (£ Ca, DR -~ f Ca,hdR”1
1y 4 2y 2 1x 1 2x 2
where

[Cl+2 2GR + Cl+»x >~ G R 1-8n, k_ = Cl+» 280 GF ,
i & 4 2 z 2 3 E 3 11

[Cl-»2 2GR Cl-22-GR 1.4, k = [» “GFE + 1-GFR 1~ s
2 2 1 TS 4+ Lo 22
< e o - X g 5 o 5 - .
£ Cohd = x PCahd - x Cad. £ Co,hd = v TCahd -y Cod . 3D
Kx g Y Ky TK .
x = 3-4p C(plane deformation); #=C3-w3 Cl+vd plane straind; G,
v — shear module and Poisseon coefficient of material 5 strokes
‘c L)

denote derivatives with respect to ag :(K Cexanld oy Vg {a.hd) -

parametric equations of the contours of bodies of cutting
e circles., where A =R at K=1.
1 1

configurations ©f their bearing
A = R_at K = 2.

2 2z

Description of Cutting of Cylindrical Bodies. For Lthis purpose

ge‘erﬁa-rali:ed par ameter equat.lx:’-ng are used "
£dadP s a L) < © Gy R LAy N P
o hy = R Cachdeosa, y T o hd = E P, hrsina, Cao
K KL TK . KL

CUXY _ ~ ¥ - .
wher e B Ca.Cy = ¢.9 (& =~ (13 & coseal,

Kl K K
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Ef‘:fu\;(' ) =05 ¢ c¥om LK o e \‘L - |-t -

L Cenh Q.5 [:,K C=L 3 (,hk] C=1D [(SK*—L 1) rShk] COosSwa>
1s radius-vector of the cutti ng  contour; w = 2,3,4,...
TCoefficient of the o utting Cw=2 - ovali ty, ©=3 - three-— edge
cutting ate.d; &7 = a3t S = a -b ; . = = & =

" ¢ K Kk kT Tk K k' Rx’ 22 Rz' bz
. T . - ) 5 . Ca
k. bz = i?.z v L =1, & - index of rel ative position of bodies in
o 1 = = <= 3 = 2 < = 5 =
(-« tjugation; 1 1 at - 3 1 =2 5t xk = bk i & =1 for x,
S = 0; 1 for .

GENERAL SOLUTION OF TRIBOCONTACT PROBLEM

Generally, if ¢t he kirnd of functions CS> is determined, the
calculation orf 1 onglife parameters © of wear or resourced is
done 33 the result of  join of solutions - of tribocontact
equations Tystem (3D and  equation C4) in assessi ng the
following kind are abtai npd

fk‘ Cota 2 =0, 50 -1 3% e (15 C1+C-1>" (.(:«smou = h (l+coswed ], (dro ]
£ o Coe,hd=0,5c-13K ‘51 rice [(‘; Cr2C~1> c‘uswt‘() - :)h Cl+coswed ],
K

At rotatiornal mot ion here =1, at alternative - &=0, when the
body ig stationary - &=0; a3t K=1 the symbol “plus” is taken,
ard st K=2 - i nus ‘',

A simpler <ol ution of system 23 will be at a certain
tribocontact, Pressure function plo, s, t,h3>. Dependi ng on the

kKind of cut ting on kinematics of  tribocont act, elements, on
tensile properties of the materials, it may be rppresented as

P?'\ g\:,?. ho

PCax, &3+ plo, hy =

z_~ 2 - / - _
E, 555 g Ca v2) -tg®Cu 25 + E £y t.92C<x ,"’2)—t.g2Ca w2), C8d
k<) < h Q
_ -1 -2 .~ / 2 - % P
E,c_“—‘ E COsS Tl el - e L x <2 —tqg (a ~4)~-2sin?C& 4
& 4 2 < 1 o
=4, o s
A (e <TOS L 20 +2e cosCor 40 }
2 o 3 o
-a @ry o~ ~
& D eq 2 s DA ,--'2)J=52
PO S > 2 2 >
AF o at S = O, oy = oat b 2 0-
o o k- © o “as P “i 95
Clars e B = - ol B - -
D C ao.u 20=1-C-1o% ', 1D coswl o & 2D
elzaz [C1-w 5C1w OE —El—nz‘)\ilﬂ' PE ). e =22 '(1-x 3¢1+ OE .
1 2 1 17 T2
€, =427 01 0 )E+ ,euw JE2, e=4z‘EE. E = 26C1+u),
4 1 2 ‘
zZ = ‘1+4e )k1+7. )E + kl+p .)C1+zc 2E ; E= E,at a .=
2 2 27 Ty ne o Jl<-<S~°‘o<5h;
€7 T h * h=2n5nK"Y pK2= c+ g4 T = -y -
- N 5 hi}‘ . hzyb hkk_ Kb * hk), hl.hz hK(O),
m n
.. (25 ™ 5 - 5 wier,
. bk 2> BT ‘rrcor-ri™y 2
B L _ 1 2 (25
n =22 - = K% h =h | 3 =3 |
h LA 48 ) i rn ok 1 2 ; ¢ 2
2 Qi 2 P Qs 1
1 B IT ] LTCOd -7 ]
- 2 &
o <1 (s (’2 ja
n i} BT B It Y% rrcon- 9yt
b= B e T t KYrcod=rpco, & -
2 n i-‘xf T o ™ m ok = p > 4
(O 1 3 »
2 B Lt ™) rrcon-7 9 2
4 1 =
160
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KD e =
0 k; o - coefficient of
'ribocontact elements, determined by their kinematics.

#tth the parameter €0 the symbols are to be taken into

relative overl apping of

weount. with hx' If wear performance results in pressure
tnerease, hk_ ls positive, in the cpposite case - h'c is

negatl ve, -
o determine the contact hal fangle « , ©r X Sh the equilibrium
«

ondition is used
e 2 o

o=k e ") - . = - . q
N P.f pla,dlcosada=4n RE 5 €5 Sin 1

e
[ ] — i
[ Lhe aother case = s &= e e, a = %
n W ath case E Eé Eg= £t £ T Ry
By integrating the system of t ribokinetic equations C2) taki ng

wcount. of C3), CB)‘, CI we get
m

B (7?7 K

- 1-m 1-m
K K - <O ke - 6 3 K
L™t K) i {[b<562r5-rk‘ ] N [btsszsh—rlc ] }’
* k‘ * h 3C1l-m > E
b K K

C

1

C10>

where
E,’/ngc'&o/a) - tgZtased,

= + £ 5 £S5 .
2&». 26 R £y

= 2 N 2 5
s, iEh‘/t,g caoéh/a) tg Ca2d

Wear performance hK of the conjugation el ements are related tao
“ach other C(one another) N
h="h_. h=nhh
1 2 2 101
e summational wear h = h1+ hz of the tribosystem through
wear performance hK and inversely in calculated as follows:
<K <L) K KD " 2
+ = + E
5 h By K ” hzkb CKb hK) C11>

It should be noted that in ax.c.ordam‘ with €103 the longlife
calculation is restricted by the condition 5 f;Eéh‘ TCOD> min’

hey = H_CK
K

where 7C0D° = 0,637 fNR is specific friction force on the

mur (o
at £=0. At TCOD B T the

n
< 4) >

x The longlife t. of

tribocontact restricting

condition is taken as follows: ’—";5 o
3

this triboprocess period mx = determined by the equation
O K
h 0D Bk’ [TK ]

i ciad

t =
K ey Oy m
v[rgu)m”\—rk_ ]
A3 an illustration, a sliding bearling resource has been
calculated. The material of the rotary bushing 1 steel 45
heat-treated, for which by the result of triboexperiment.al
Investigations the friction resistance characteristics Ba.=
(X3

m = O.B0, T = 0.13 MPa; the material of axle

21.4+10%,
1
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Journal 2 is protective coating, for which Bz— 42,8109, m,=

o> (o> , ,
0,81, rz = T p The journal 13 assumed to pe circular or

s
cutting Coval, there-edged>, white the bushing is - circul par.
The initial data for calculation are: N = C.04 MN, £ = 0,001
movo= 12 msTh r o= 0,15, R,= 0.1 m; E,= E,= 2,1-10° Mpa,
v o=p = o, 3, h = O, 000s m, &S = o, & = CO; 08 O, 4,

2 -3 o 2t 2 N €
0,82+10 "m, K'Y= & T, KOS =1
b o b

The calculation results are represented in Fig.2. Here curve 1
> -

is built for the oval journal contour, and 2 for the three
edged one.

T,00!
S

3.0
N

{ Fig.2. Resource

coating one

2'5 ‘\
2
2,0 A%

N

0 2 4 S0

75

REFERENCES
Andrejkiv A.E., Chernets M. V.C19912. Evaluation contact effect
parts mechanisms. Naukova duhmkha. ki ev.

162

sy 4



User
Rettangolo




