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Abstract - The article discusses the results of research work on the study of compensation for errors in
the gearing in a chain transmission. The main indicator of the quality of the engagement is the
completeness of the longitudinal contact. This indicator depends on the errors of the mutual position of
the contacting surfaces for reasons of technological and deformative origin. Methods of compensation of
errors of meshing in a chain transmission by a longitudinal modification of the sprocket teeth are
described. The analysis of the research results showed that the localization of the contact by the method of
longitudinal modification of the sprocket teeth can significantly improve the quality of the transmission by
reducing the high sensitivity of the chain transmission to inaccuracies in the manufacture and installation

of its elements.
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1. Introduction

The efficiency of gearing gears is largely
determined by the completeness of the longitudinal
contact - the main indicator of the quality of the
gearing. This indicator depends on the errors in the
mutual position of the contacting surfaces for
reasons of technological and deformative origin.
Technological errors like their manifestation can be
attributed to one of two groups. The first group
includes errors that do not depend on the frequency
of rotation, the second - errors that change from
tooth to tooth when the gear or sprocket rotates.

Errors of the first group are variable due to the
random nature of their formation (appear from
product to product), the second - due to their
kinematic origin (appear at each revolution of each
sprocket). Errors of deformative origin arise as a
result of elastic deformations of structural
transmission elements under load. The deformation
values depend on the load of the gear and are
therefore also variable.

In chain drives and chain
technological errors include:

Errors in the manufacture of elements of
housings and supports and sampling of gaps in
bearings, which lead to installation errors -
deviations in the relative position of the stars;

Errors in the manufacture of elements and
assembly of chain links, which lead to non-
parallelism and misalignment of the axes of the
rollers; Errors in the shape of the rollers (bushings)

conveyors,

of the chain and the transverse profile of the
sprocket teeth;

Face runout of the sprocket ring gear concerning
the operational axis of its rotation. The source of this
error is the end runout of the workpiece on a gear-
cutting machine due to errors in basing when cutting
teeth;

Face runout of the sprocket due to errors in
locating on the shaft - installation error.

The face runout of the gear rim leads to a
deterioration in the main indicator of the quality of
engagement - the size, shape, and position of the
contact spot, which vary from tooth to tooth when
the sprocket rotates. In this case, the contact patch
moves from one end to another in one revolution,
and additional step errors associated with the end
runout of the gear rim appear twice in one
revolution. This defect can be practically eliminated
or reduced on the sprockets themselves when
installing a transmission in which composite
sprockets with a special compensating device are
used. If solid sprockets are used in the chain drive,
then the harmful consequences of this defect can be
prevented or significantly reduced when -cutting
teeth, including using their longitudinal modification.

Since the skew angles acting in the chain
engagement are variable not only in value but also in
direction, it is impossible to effectively use the
method of rectilinear correction of the direction of
the sprocket tooth to reduce them. Here it is
advisable to use a more universal method of
improving the quality of engagement - a longitudinal
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modification of the teeth, which has shown itself well
in gear drives.

2. Research Method

One of the main tasks of the longitudinal
modification of the teeth is to prevent the initial
contact of the meshing elements at the end of the
tooth. The task is to link the parameters of the
modification with the errors in the relative position
of the roller (sleeve) of the chain and the tooth of the
sprocket. The choice of the required radius of
curvature p0 of the longitudinal profile of the tooth
should, in the presence of manufacturing and
installation errors and elastic deformations of the
transmission elements, proceed from the
requirements:

Contact strength of the tooth, which is a criterion
for the performance of the sprocket in terms of wear
resistance;

No displacement of the initial contact to the end
of the tooth (edge contact), since such displacement
is the cause of the concentration of the load in the
joints of the hinge and its uneven distribution
between the plates of the chain links.

The larger the radius of longitudinal curvature po,
the lower the level of contact stresses in the
engagement; therefore, it is desirable to strive for a
larger value of po. An increase in po worsens the
localization of the contact, therefore, errors and
elastic deformations of the elements of the chain
drive or device can lead to edge contact. In turn, this
leads to uneven distribution of specific pressures in
the hinge, the load between the chainplates, and the
load between the corresponding interfaces of the
plates with bushings and rollers. From these
considerations, it is desirable to strive for a decrease
in po.

The lack of a theoretical justification for
calculating the rational value of po is one of the
reasons why the longitudinal modification of the
sprocket teeth is practically not used to improve the
quality of chain drives. It should be noted that GOST
592 in transporting devices allows the manufacture
of sprockets with a barrel-shaped tooth for plate
chains when installed with an offset. At angles of
conditional displacement @c = 3 .. 10° in
transporting devices, the recommended radius of
curvature of the barrel-shaped surface

_ 2865h,, ™)
Pe

Po

where gy — the distance between inner plates.

The links of the chain on such teeth are self-
aligning, due to which it is possible to reduce the
concentration of stresses and specific pressures in
the hinge and increase the performance of the chain.

A barrel-shaped tooth is obtained by cutting
using a tool offset that smoothly changes from zero
in the middle of the tooth to minus at its ends. The
degree of barrel shape is assigned depending on the
skew angle in the gear engagement. The absence of
angular (edge) contact in barrel-shaped teeth is
accompanied by an initial concentration of the load
caused by their longitudinal curvature. In a working
transmission, the sprocket tooth and the roller
(bushing) roll mutually in the longitudinal direction,
the contact patch moves towards one of the ends of
the sprocket teeth. Simultaneously with an increase
in the load and, consequently, the contact
deformation of the engaging elements, the
dimensions of the contact patch and the active length
of the contact pads increase.

Here we consider the problem of choosing a
rational value based on the requirements for the
contact strength of the sprocket teeth. That is, it is
determined from only one condition Iv = IIb - the
length of the contact spot for the required
localization of II.

Let us estimate the effect of the curvature of the
generatrix of the tooth on the nature of the change in
the gap between the tooth and the roller (bushing),
on the error in the position of the engaging elements,
and on the displacement of the point of initial
contact in the presence of errors and elastic
deformations of the structural elements of the chain
drive or chain device. In work [1], the equation for
changing the clearance between the teeth of the gear
transmission along their rectilinear generators is
given. Similarly, the gap between the sprocket tooth
and the roller (bushing) changes along their straight
generatrices, therefore, it is characterized by the
equation

Az(x,0) = Azy + Az, + x{ﬂ}f},l + ﬂn,fyg] (2)
Where, Az; + Az, = Azp represents a constant
component, and the last term X{ﬂ}f}.i + ﬂ}f}-j} —isa

variable component of the lumen along the length of
the tooth of the sprocket, due to the primary
transmission errors.

The constant component is the roller position
error equivalent to the rotation error of the driven
sprocket and does not affect the load distribution
along the tooth length. The variable component
characterizes the distribution of the gap between the
tooth and the roller (sleeve) along their length and is
an objective characteristic of the longitudinal contact
error.

3. Obtained Scientific Results and their
Analysis

The longitudinal modification of the sprocket
teeth introduces an additional component into the
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angular clearance in the cross-section normal to the
tooth profile, equivalent to the clearance, which is
formed by the barrel shape (Fig. 1)

2

X
Az~ (3)
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Figure 1: Clearance in engagement with longitudinal
modification of sprocket teeth

Taking into account this component, the lumen
variable along the length of the sprocket tooth along
the line of initial contact will be distributed
according to the contact pattern of the tooth and
roller (Fig. 2) according to the dependence

Az(x,0)=05b+X(Ay,, +A7,, )+

, (4)

X
+
2, COsy coiAyy1 + A;/yz)

where ¢ = (2m/z) + ¢ — pressure angle not shown in
the diagram; z — number of sprocket teeth.

Figure 2: Parameters of contact of the tooth with the
longitudinal modification and the roller of the chain
drive

The barrel-shaped tooth due to the displacement
of the point of initial contact to the middle of the
tooth will cause an additional component of constant
clearance - the error in the position of the roller
(sleeve) is equivalent to the error in the rotation of
the driven sprocket

2
AZOp(X,O) = 0,5b(A]/y1 + A}/yz)—

BRI ()
2,09 COS @

where 0,5b - coordinate of the point of initial contact

of the roller and the tooth with a straight generatrix,
counted from the middle section of the gear rim;
X, — the same with longitudinal modification of the

tooth.

For teeth with a straight generatrix, the
coordinate of the point with the minimum clearance
is always known, since this point is located at one of
the ends. To find the coordinate of a point with a
minimum clearance for teeth with a longitudinal
modification, it is required to find the extremum of
function (4), i.e. fulfill the condition:

a(Az(x0))
OX

=0 (6)

The solution to this problem will make it possible
to assess the sensitivity of the chain engagement in
the transmission with a modified sprocket tooth to
errors in the mutual position of the contacting
elements and to determine the rational size of the
radius of the longitudinal curvature of the tooth pyg.

Differentiating equation (4) and fulfilling
condition (6), we obtain

olAz(x,0
( G(X )):A?/y1+A7/y2+
X )
+ =
P, COSy COS(A;/Y1 + A}/yz)

where the sought coordinate of the initial contact of
the barrel-shaped tooth

Xg = (A;/yl +Ayy2 )PO Cosy = AyypgCoSAyy (7)

Thus, a linear relationship was found between
the reduced mounting error

A7y = (A7y1 + A7y2)COS'// and the coordinate
X, of the point of initial contact of the tooth with the

longitudinal modification and the roller.

In real chain drives, Ay < 0.01 rad, in this regard,
without a noticeable loss of accuracy, we take cosAyy
= 1in formula (7). Then

Xy = Ayy £0 (7,a)

The contact area in the presence of a mounting
error Ayy will not go beyond the tooth length (Fig. 3)
if the condition is met

x«+ 0,5w< 0,5I1b (8)

where 0,5[Ib - permissible displacement of the
extreme point of the contact patch, measured from
the mean section of the tooth, and Iu — contact pad
length.
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The dependence of the longitudinal curvature of
the sprocket tooth on the given localization of the
contact area AR follows from Fig. 1

1 2Ah ?
_ Ap 05L,)°

po (05,2 2p

where Q5| = (2Ahpo)*/z

From condition (8), taking into account (7, a),
and (9), we have

Ayypo +(28hpo )l 2 <0510,
1/2
Po| Ay +(2Ah] <0517b’
Po

ne

Figure 3: Contact spot parameters

By the method of successive approximations, let
us get rid of the right side of the last expression in
the denominator.

As a first approximation, we take:

_051Tb.

P0(1) Ay

y

In the second approximation, we finally obtain
with sufficient accuracy the calculated dependence
in the explicit form:

0577b

2AR 1/2
O,5HbA;/y

pPo=

Formula (10) determines the value of the radius of
the longitudinal curvature of the teeth of the sprocket
po, at which the extreme point of the contact spot will
be removed from the middle of the section of the tooth
by a distance of 0.5I1b, depending on the localization of
the contact area (Ah) and installation errors (Ayy) - by
the value load parameter bAyy / Ah. This formula takes
into account only the geometry of the contacting
surfaces of the elements of the chain engagement.

It does not show that po depends on the
transmission load, since the reduced error Ayy is the
technological component of the total error

Ayy =Ayy + AV yrepy

where Ayyrep — deformative component associated
with transmission load.

Using work [1], one can, for example, determine
the admissible value of the radius of longitudinal
curvature from the condition

I, =1Ib (11)

M

By substituting in (11) the values of the length of
the contact area, found by solving the problem of
contact of two elastic bodies with finite radii of
curvature in two directions (Hertz's solution), the
ratio of the radii was obtained at which the given
degree of localization is provided

» :(1,465)8’3(anf/9 (12)
po \IT b3E
where p — reduced radius of curvature of the tooth
and roller in the transverse direction, E — reduced
modulus of elasticity of roller and sprocket
materials.

It is known that each chain pivot is located on the
working part of the sprocket tooth profile from the
beginning of the engagement and almost until the
very disengagement. The contact stresses in the
tooth from the static application of the load are
determined by the normal pressure between the
contacting surfaces of the chain joint bodies and the
sprocket tooth. It is also known that the normal
pressure in the most loaded hinge changes from zero
at the initial moment of engagement to the highest
one when turning around the sprocket rotation axis
by an angle of 21t / z at the end of the engagement

. 27
SIn—

F =S, —2~ (13)
siny

where S - tension force of the driving chain.

In the course of long-term operation of the chain
transmission, the contact of the tooth and the roller
occurs on the concave and transitional section of the
profile at the beginning of the operation, then on the
rectilinear and the convex section during the last
period of operation. In this regard, for an asterisk by
GOST 591, the reduced radii of curvature of the tooth
and roller are determined by the curvatures of the
corresponding sections of the lateral profile:

-1 _ -1 e - i . -1_ -1 —
pl=rt -y on location EF; p-1— Py on
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location FG; p=1 = e+ rt-on location GK. Here 13,

is the radius of the roller (bushings), 11 - radius of
the transition area of the tooth EF, ¥z — the same

convex FG. The maximum contact stresses according
to G. Hertz when the cylinders are in contact will be
on the convex section of the tooth, for which the
reduced radius of the transverse curvature in
formula (12) should be determined by r2 of the
standard profile

p =2 (14)

r,+ rp
The most favorable from the point of view of the
operability of the chain transmission can be
considered the contact of the roller and the tooth on
the transition curve of the profile (in the section EF
with the radius of curvature ), i.e. in the area of

normal engagement. The reduced radius of
curvature for such contact is determined by the
radius 13 of the standard profile

rr
p:p_l (14, a)
rl_rp

As a result of the study of contact stresses in
gears with engagement with localized contact of the
teeth [1], the dependence for the radius of
longitudinal curvature, at which the maximum effect
of longitudinal modification of the teeth is achieved

00 =0, 23552 (15)

4

It follows from the formula that the rational value
of po is determined only by the geometric (b) and
accuracy (y) parameters.

Using relationship (15) and formula (12), we find
the required contact localization at which the
maximum effect of longitudinal modification of the
sprocket teeth is achieved.

After substituting (15) into (12), taking y = Ayy,
we obtain the expression

8/3 8/9
PAY o, 2355(—1' 465] (@) .
b ) \pE

from which the required contact localization is
found,

b 3/8 F V3
1'=0,852| —— (3—/’) (16)
PAY, b°E

where b/ij/y — geometric, an/b3E - load

parameters.

The problem of reducing the maximum
contact stresses in the engagement oy caused by
errors in the manufacture and installation of the
gear, by the method of longitudinal modification of
the sprocket teeth by a factor of M, i.e. up to the
value o = oy / M, can be solved as follows. First, the
admissible value of p / po is found, for example,
according to formulas (14), (14, a) and (15), after
which, taking into account the condition Im = IT’, the
required localization I1'is found.

In [1], using appropriate substitutions and
transformations, an expression was obtained that,
taking into account the analogy of the contact
interaction of surfaces in gear and chain gearing, can
be applied to the chain transmission

1/5 m
H':1,465(Mj (F—/Zj b (17)
r Eb PAY,
For loads typical of chain transmission and
total angles of misalignment

A}/y =A}/y1+A7y2 in the engagement, the

load parameter expressing the requirement for the
localization of the contact, Ah/ ,OA}/y <05 at

such values of the load parameter according to [1]
r=0,941,m =0,683,n =0,06.

To ensure a uniform distribution of specific
pressures in the hinge and the load from the tension
of the chain between its plates, it is impossible to
allow the contact area to reach the end of the tooth
and it is necessary to strive for the minimum value
X, - the displacement from the middle of the tooth of

the point of initial contact (7, a). The solution of a
similar problem for a gear train [1] gives an
admissible ratio for the g 5| =05b—Ay,py condition.

= 8/9
e P o 17,578(’3"0] :
£0 b°E

The influence of localization of contact on the
distribution of the load between the plates of the
chain, let us estimate the coefficient of uneven
distribution of the load from the tension of the
leading branch of the chain between the plates of the
link:

S
K, =2t 18
s S, (18)

where S1, S2 — link plate forces.
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The displacement of the point of initial contact
between the profiles of the barrel-shaped tooth and
the roller (Fig. 4) will lead to a displacement of the
line of action of the chain tension relative to the
longitudinal axis of the chain by the value x-.

- 0'

| 8

)

B L
5!

Figure 4: Diagram of the distribution of forces in
the lamellar chain.

From the equilibrium conditions of the link under
the action of forces

S,x.— 0,5(b+6")(S,-S,) = 0,-S,+S,+S,= 0
Should

S, +S5,)x, o'
%—(SI—SZ)—F(&—SZ):O'

In the resulting expression, let us take
X, 109 =K - the coefficient of the relative
displacement of the contact area caused by the
barrel-shaped tooth of the sprocket, and take it into

account (18). After the appropriate substitutions and
transformations, we obtain the coefficient

K,-1 o'
K =-3 1+— (19)
? KS+1( bj

expressing the relationship between the position of
the contact patch relative to the middle of the roller,
the requirement for equal distribution of the load
between the plates (Ks), and the design factor

((8'/b).

4. Conclusions

Based on the studies, the following conclusions
can be drawn:

1. The possibility of obtaining metal layered
compositions of the Mo-TiC system has been
established. =~ This composition allows the
manufacture of cutting and stamping tools by casting
on gasified models.

2. The technology of thermocyclic processing
(TCP) has been developed during which structures

are formed with a maximum of crystal structure
defectiveness.

3. As a quenching liquid, instead of oil, it is
possible to use the water-soluble preparation
“Uniflock” produced in Uzbekistan.

4. Sintered antifriction cermet alloys obtained
from local raw materials, both in terms of
mechanical and antifriction properties, meet the
requirements of technical conditions.

5. The optimal composition of the charge in the
production of ceramic-metal alloys of antifriction
purpose is: 97% iron powder, 2% elemental or
pencil graphite, and 1% pyrite.
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