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GEARING WITH INCREASED TEETH WEAR
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Summary. The most important criterions of gearing efficiency is teeth wear. The order of synthesis of
original profile geometry of cutting instrument for cutting teeth with increased teeth wear is set out in this
report. It is based on the model of teeth wear of closed gearing that work in oil reservoir. The differential
equation is received; its solution determines geometrical parameters of original profile. The parameters
depend on set point of comparative teeth wear of synthesizing gearing and evolvent gearing with toothing.
The finding solution is used for creation of equation of working teeth surfaces in toothing.
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INTRODUCTION

In modern conditions the enterprises of different branches feel a need for high-
quality reliable and durable gear-drives, which are one of the most critical part of
modern machine. The capacity for work is mostly determined by indexes of driving
gears. That's why the perfection of gear-drives, incoming into the problem of
multicriterion synthesis of machine-building structure, is actual.

During many decades the geometry-kinematical criterions such as relative
velocity, summary velocity of roll working surfaces, reduced curvature, specific slips
[2,3,4] are used for estimation of capacity for gear work. Besides these criterions the
integrates criterions are used, too. They are contact stability, wear criterion, criterion of
loses in toothing, criterion of thickness of oil film in the place of teeth contact,
temperature criterion of jam, specific work of force friction [3,4]

Last years the topic of synthesis became very actual. The range of reports is
devoted to it. For example [4,5]. Using the results it is possible to produce gears with
high meanings of every given criterions. The synthesis is made according to one of
these criterions, and others are used for comparative analysis.

In work [4,5] there are the results of synthesis of gears with meanings of
geometry-kinematical criterions with sequential analysis of integrates criterions.
However, it is possible the synthesis of original loop geometry directly with meanings
of integrates criterions.

One of the most important criterions of gearing efficiency is teeth wear.
Especially if it is open gearings, where increased teeth wear is noticed [6]. However,
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teeth wear cannot be excluded in conditions of boundary friction, even they work in
closed oil bath. That is why it is important to pay attention in solving task of estimation
teeth wear closed gearings and development teeth geometry of gearings with increased
wear, characterizing of reduced wear of working teeth surfaces.

OBJECTS AND PROBLEMS

The purpose of our article is the definition of functional correlation between
geometrical parameters of original loop of cylindrical straight gear and wear criterion.
The value of teeth wear of cylindrical wheels will be the meaning [4,6]:

h =9, "7, M
where: f — the coefficient of sliding friction in toothing,
n — the specific sliding,
Q, — the parameter, which is not depended on geometry of working teeth
surfaces,

t,, — the parameter of curve friction weariness.

According to the equality (1), we can notice that we can reduce the value of teeth
wear if we reduce the coefficient of sliding friction and specific sliding. Look at the task
when we determine the geometry of working teeth surfaces of spurs with reduced value
wear in comparing with evolvent teeth. According to (1) the value wear of evolvent
teeth will equal to:

hue = Qu fe[y ne 2 (2)

Where: fe — the meaning of coefficient of sliding friction in evolvent teeth,

17, — the specific sliding in toothing of evolvent teeth.
The ratios of wear values (1) and (2) which use the results of work (2) will equal:
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where x — relative reduced curvature of working surfaces of gearing with increased
unknown gearing in comparing with evolvent gearing. It equals to [5]
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In these equalities:
f, — the variable parameter,
« — the profile angle of original profile in unknown gearing,
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«, — the profile angle of original profile instrument of evolvent gearing,

¢' — the derivative function s according ¢ to f; .

The equality (4) together with (3) has given l?u . It is a differential equation. The
answer is determined the current profile angle of original profile }_zu =const (the
meaning ]’_lu (I shows how many times the wear value is less than the wear value of
evolvent gearing (¢ = g( A ) ):
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G, =sina,,
o, — the profile angle of original profile in unknown gearing if’ f, = f,,.

The equation of original profile in initial gearing will be offered in the form of
series (axle O » /> (picture 1) has the direction along the initial straight line):

£ = Fot ' (= o)+ 3 " = fu P+ £ (= fio) b ()

where:  f, — the meaning of function f, and f, = f,;

foo's Sro''s fro'"" — the meanings of the first three derivations when f, = f|,.
The meanings of derivations will equal

Ja'= 20
Vi-¢;
f2()”: go (7)
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Fig. 1. The scheme of original profile

According to equalities (3) and (4) it follows that:

— )2
—(ggfj - ®)

v So~ Vloggﬂ-ﬂ

So = s
’ fio

From here:

o BBV 205"
So =7 2 : €))

If we determine f, from (6) it is necessary to assign &, in proportions (5),
1 = fio- Then the equation of curve will be determined when the given value of E;

and ¢ , from (6). The original profile is drawn a line around by the equation of curve.

The equalities of teeth surfaces of catching wheels, which connected with them
in the co-ordinates X, 0,Y, and X,0,Y, , will be [4].
— the equation of the surfaces of teeth wheel 1:
X, = (fl +R1)(:osg0l +Q,sing,,

y = (fl +R1)sin¢)l -Q, cosg, (10)
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Fig. 2. The scheme of catching wheels

— the equation of the surfaces of teeth wheel 2:
Xy = (fl - Rz)cosgoz —Q;sing,,
Vo = _(fl +R, )sin Py =L cos @y,
The designations are used in the equations (9) and (11) such as:
R,, R, —initial circle radius of wheels,
@, , ¢, —angular displacement of wheels.

o fivl=¢’
1

(11)
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The boundaries of the field of catching teeth wheels will be determined by
proportions

R, = \/(flal TR )2 +lea1 )
R, = \/(flaz -R, )2 +lea2 (12)

R, —radiuses of apical teeth of the wheel;

where: R

al>
Srat> frazs Qiars €4,, — the meanings of values, which are corresponded to

apical teeth of the wheels.
Geometry-kinetic criterions of such gearing determine the complex criterions of
capacity for work [4]. They will equal:

— the slip velocity if @ = 1l (@, - the angular velocity of the wheel 1)
c

2
V2 (Ve Lo ) (13)

1
— the velocity of roll of teeth surfaces @, =—; @, =— (@, the angular
C C

. . w,
velocity of the wheel 2is @, = — ):
u
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— the total velocity of roll of the working teeth surfaces:
, 1
2Rig’ +fl(§_f1§{1—u)
s(s-fi¢)

— the reduced curvature of working teeth surfaces:
(R + R, ) — fig')* 16
g{R1 + file=fis )}[Rz _fl(g_flg)}
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where: the upper sign is i =1 — for the wheel 1, and lower sign i =2 — for the wheel 2.
It is necessary to continue for evolvent gearing in proportions (13) ... (17)
¢ =sina,, (a, =const ), ¢'=0 .
According to the qualities (3) and (4) we’ll have:

0,5
e fie=lr, ). (8)
the meaning will be used with determining of geometry-kinetic criterions (13) ... (17).

The values of complex criterions of capacity for work will equal (2):

— the criterion of wear of the working teeth surfaces:

t
by =9, f y77i >
— the criterion of losses in toothing:

12
AP = qafV > (19)
— the criterion of thickness of oil layer between working teeth surfaces:

V0,75

>
h,=Q, , (20)
10’4612’15

— the temperature criterion of jam in working teeth surfaces:

g 12 0,25
k=01 X 1)

e+

— the specific work of frictional forces in toothing:
dAg =4q,/7; (22)

The designations are introduced in ratios (19) ... (22).
Q,.Q,,Q ; — the values, which are not depended on the teeth geometry;

q, — the axial force, which has an effect per unit teeth length (the single axial force).

The meanings of coefficient of sliding friction are seen in the form [6]:

0,35
f=0 fqg’l{lo + 1g—H§ Raz } 7P (VLZT : (23)

re

where: HB — the hardness of the less hard tooth that is in contact (kg/cm);
R, —the roughness of the most hard tooth that is in contact (cm);

E,, —the reduced module of material elasticity of catching wheels (kg/cm).
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The single axial force equals:
qt

P =—,—1_g2 ,

where: ¢, — circular force, which has an effect per unit teeth length.

CONCLUSION

1. The recommendations on definition of geometrical parameters of ordinal
profile of cylindrical gears with increased wear were worked out.

2. There were the recommendations on definition of geometrical parameters and
criterions of capacity for work of cylindrical gears with increased wear with use of
geometrical parameters of ordinal profile.
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3YBYATBIE IIEPEJIAUYM C IIOBBIIIEHHON N3HOCOCTOMKOCTBIO 3YBbEB

Hocko II., lIumos B., Tkay I1., Cxasp FO.

Annotamusi. OIHMM W3 BaXHBIX KPHTEPUEB pabOTOCIOCOOHOCTH 3yO4aThIX Ieperad  sBISIETCS
HU3HOCOCTOMKOCTh MX 3yObeB. JTO B OONBIICH Mepe OTHOCHTCS K OTKPBITBIM 3yOuaThiM Iepenayam, Iie
HaOII0aeTCs MOBBIIICHHEIN H3HOC 3yObeB. ONHAKO B YCIOBUSX TPAaHUYHOTO TPEHHS HE HCKIIOYASTCS H3HOC
3yObeB, pabOTAIONIMX C HAJIMYHEM 3aKPBITON MaciIsTHON BaHHBL 1109TOMYy 3aciry’kKMBacT BHHUMaHHE PELICHHE
3a[]a4M 10 OLICHKE U3HOCA 3yObEB 3aKPBITHIX Mepeay U Mo pa3pabdoTKe reoMeTpuH 3yObeB 3y0UaThiX nepenay
C TOBBIIEHHONH HM3HOCOCTOMKOCTBIO, XapaKTepU3yeMOHl yMEHBIICHHBIM H3HOCOM pPabodnmX IOBEpXHOCTE
3yObeB.

KuioueBble ci10Ba. 3y0uaTslii MeXaHU3M, 3y0, 3y09aThIif H3HOC, FEOMETPHIECKHE apaMeTpPhl, TOBBIIICHHBII



