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The article presents the transmission of a truck, where innovative repair kits of the driveshaft crosspiece
are used. The crosspiece is an element of the transmission, and transmits all the torque from the gearbox to the
wheels of the car, therefore it is a heavily loaded part. A mathematical model has been developed that describes
in detail the process of changing the size of a movable conical spring insert in a sliding bearing used in the
mechanism of the cardan shaft crosspiece. The innovative repair kit is designed to improve performance by
introducing an elastic intermediate element into the bearing. This element is a movable insert in the form of a
helical or conical spring, and its compressible force is adjustable. This creates a tight seal on the working
surfaces, preventing oxidative processes and activation of microplastic deformation of the surface.
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List of Symbols/Acronyms

65G — spring wire made of steel;

H5 — hole;

p4 — shaft;

CTT — chemical and thermal treatment;

HRC — hardness;

AH-348A — welding flux;

UD-209 or A-547U — installation for arc surfacing;

FAFAT — finishing antifriction-free abrasive treatment;

ISTM — interchangeability, standardization and technical
measurements,

1. INTRODUCTION

Currently, a large number of foreign-made trucks
have appeared on the roads of Kazakhstan. [1]. Many
of them require some kind of repair after a certain
period of operation. The service cycle of a truck
turns out to be, as a rule, very short. This is result of
difficult road conditions, poor fuel quality, not
always high-quality oil, and illiterate maintenance.

A huge number of types and models of trucks,
mainly of previous years of production, need repair
of transmission units and aggregates, but the
practical absence of a network of branded service
sharply exacerbates the problem of repair. Often
there is no one and nowhere to make it, even having
the opportunity to purchase the necessary spare
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parts, or vice versa. Basically, these are cars
produced more than 10 — 15 years ago [2], which
could be operated if there was an opportunity to
repair them.

There are many reasons why the repair of trucks
turns into a serious problem in Kazakhstan. This is
mainly due to the massive appearance of foreign-
made cars in Kazakhstan, when the necessary repair
facilities, a network of service stations and
workshops have not yet developed.

One of the urgent tasks facing organizations
operating automotive and automotive equipment is
to extend the service cycle of used parts. [3].
Including the replacement of parts of the main
structure with more reliable and maintainable ones.
However, this is associated with significant
difficulties, since this type of repair is possible only
under certain wear criteria.

The transmission is a complex consisting of a
number of components and assemblies. And when it
comes to repairing the transmission, the full
restoration of these mechanisms is sometimes almost
more difficult than the sum of traditional operations
— surfacing the crosspiece, surfacing the spline part
of the driveshaft, etc. Specialized equipment is
required, the complexity and accuracy of execution
are very high.
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2. METHODS

When transferring torque from the gearbox (gear
box) to the gearboxes of the driving wheels, it is
necessary to ensure the mutual movement of the
nodes, taking into account the fluctuations of the
power unit and the movement of the gearboxes,
when the car is moving. For this purpose, crosspieces
[1, 2, 3, 4, 5] are used, which provide the
transmission of torque when the shaft elements are
deflected by 15 degrees. The crosspiece connects
two forks pivotally; at the same time, the spikes of
the crosspiece enter the holes of the forks. Needle
bearings are installed on the spikes, the housings of
which are pressed into the holes of the forks. The
crosspiece is an element of the transmission and
transmits all the torque from the gearbox to the
driven wheels of the car, therefore it is a heavily
loaded part. Depending on the nature of wear, the
crosspieces are distributed according to the
following defects: crosspieces having only
dimensional wear, crosspieces having dimensional
wear in combination with crumpling of spikes,
crosspieces having dimensional wear in combination
with crumpling and volumetric deformation (ovality,
taper), crosspieces not subject to restoration.

The dimensional wear is 0.05-0.15 mm, the depth
of dents is 0.1-0.6 mm. Since the crosspieces are
installed in the forks of the cardan shaft joints on
needle bearings, dents on the surface are formed
from needle rollers.

The following technical requirements are

imposed on the cardan shaft crosspieces that are
being repaired. The crosspieces are not accepted for
repair in the presence of one of the following defects
[6,7,9] cracks; discoloration; ovality and taper over
1 mm; when the spikes are worn more than 1.3 mm
in diameter.
The tribo-coupling shown in Figure 1 consists of a
shaft 1, an outer ring 2 and a special insert 3 made in
the form of a spiral coil spring placed between the
shaft and the outer ring. The movable conical insert
in the form of a spiral helical spring has a cone angle
from 1 to 5 degrees. In this case, the diameter of the
spring wire (marked as d) is equal to half the
difference between the shaft diameter (D) and the
insert hole diameter (D+2d) [10, 11, 12]. Please note
that this insert is mounted to provide resistance and
pressure at the edges and between the inner and outer
surfaces to ensure the "ratchet effect"” is consistently
present [14].
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Fig. 1. Innovative repair kit

A mathematical model has been created that
describes the process of changing the size [13, 14] of

a conical movable spring insert in the sliding bearing

of the cardan shaft crosspiece [15, 16, 18].

The method of calculating the conical spring
liner is as follows.
The following assumptions are accepted:

- spring wire made of 65G steel;

- the absolute linear de formation of the spring liner

fr isequal to 1 mm;

- the length of the spring liner in the unloaded state

H, is equal to the length of the liner in the loaded

state kH,, since in this case it is not subjected to load;

- the angle at which the coils of the spring liner rise

in its unloaded (free) state is set to a = 1,83°;

- the angle from which the axis of the screw bar
begins to rise in an unloaded spring insert is
denoted as a = a,.

Due to the fact that the conical spring liner differs
from the cylindrical one, new calculated values are
used:

r, and r,- the smallest and largest average radius of

turns of a conical spring liner;

Domin- the average diameter of the smallest coil of

the conical spring liner;

Domax- the average diameter of the largest coil of the

conical spring liner.

Further calculation is performed for the spring
liner, presented in the form of a rigid beam.

Bending stiffness of the beam:

B = Ea*/12, 1)
where E = 20 - 10*MIla - modulus of elasticity of
the first kind,;

The rigidity of the beam during torsion:
C =na*G =na*E/2-(1+ p), )
where u - Poisson's ratio of the material of the parts;

Height (length) of the spring liner in the unloaded
state:

lo =Dy / cos ay, 3)

Length of the working part of the spring liner:
Hy =l sin ay, 4
Axial force at which the conical spring liner is
compressed to the limit:

4cos?a , , ,
P, = P °-[C(sma—smao)—Bsma(l—

to)) (5)

cosa

Permissible bending moment:
_ _ PDo(B—C) sin 2ag
M=M, = 4(B sin? ag+C cos? ayp)’ (6)
The average value of the torsion hook of the

spring:

R =M/F, ()

Return force generated when the conical spring

is tensioned for a constant pitch bushing up to a
specified height H,:

F,=—2¢ ®)

pn(r2+12)-(rp+711)?’

where
[ = Hy — Hy;
x =1,2,3;
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1y, ,— the average radius of the working part of the
coils of the conical spring liner (r; - smallest and ,,
— largest);
Sediment under the action of the force P of the
conical spring liner:
0,25(Ho—Hm) 3(Pyn P
et (gt ) )
where
(r; — ry) (i; i —number of working turns;
P, .- he force at which the drawdown of the coils
begins;
H,,— the height of the fully compressed conical
spring liner:
Hy, = \/(ia)z — (. — 13, (10)
n=2, (11)

2
, where n - the number of working turns of the spring.
The permissible size change of the conical
movable spring bearing liner AD (radius [f°]) B in
its final form has the expression:

AD(AN) = — [(PAA3 sin(ag))

1 cos(2ay)
2C 4B cos(ay)?
AA? . sin(ag)?2 | cos(2ag)
2 cos(ag) ( c + B ) (12)

3n[P]R3
[f1=" (13)
where [P]- permissible force to increase the radius

of the spring ring;

[P] = {[_]—} (14)

a

where [o]- permissible bending stress.

Based on the developed mathematical model the
theoretical calculations and analysis of the driveshaft
bearing can be conducted.

In order to determine which traditional landings
are necessary for the confident operation of the
spring liner, it is possible to apply VST methods
(interchangeability, standardization and technical
measurements).

We solve the problem for determining the
elements of a smooth cylindrical joint.

Initial data:

- nominal size —£20mm
- hole-H5
- shaft-p4
The amount of tolerances:
- hole —Tp=0,009mm
- shaft —T¢=0,006mm
- marginal deviations:
L20HS:
EI=0;ES=EI+Tp=0,000+0,009=+0,009mm;
- Shaft:
£20p4:ei=0,022;es=ei—T4=0,022+0,006=0,028 mm
Limit sizes:
Hole:
Dmax= dn+ ES= 20 + 0,009 = 20,009mm,
Dmin= dn+ EI = 20 + 0,000 = 20mm.
Shaft:
Omax=dnt+es=20+0,028=20,028mm,

dmin=dn+€i=20+0,022=20,022mm.

Maximum clearances and tightnesses:
Simax=Dmax-dmin=20,009 -20,022= - 0,013mm;
Smin=Dmin-0max=20-20,028= - 0,028mm;
Nmax=0max-Dmin=20,028 — 20=0,013mm;
Nmin=0min-Dmax=20,022-20,009=0,028mm.
Landing group:
- 9202 tight fit.

p4

Landing tolerance:
Ti=Smax-Smin=-0,013 -(-0,028) =0,015mm;
Tn=To+T4=0,009+0,006=0,015mm.

Diagram of the tolerance fields of the
connectionﬁzog of the shaft and the conical

spring plate figure
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Fig. 2. Diagram of connection tolerance fields

Sketches of the connection assembly and its

parts Figure 3.
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Based on the obtained calculations, it should be
noted that the necessary precision of traditional fit
requires the use of precise equipment and advanced
tools. This clearly affects the calculation of the
reasonableness of economic costs in the production
of the spring insert and the parts cooperating with it.
Additionally, exactly such equations and
calculations cannot be applied to a plain bearing with
a movable spring insert and requires a different
approach. Therefore, it was proposed to make a
conical spring insert and the remaining cooperating
surfaces of the cylindrical part to ensure a tight fit on
cylindrical surfaces [23, 24].
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Table 1.
Designation of the specified connection 20 H5/p4
2@ Nominal size, mm Nominal size, mm 20
% § s Gap Smax -0,013
5 é (tension), mm Shin -0,028
SES Landing tolerance, mm Ta 0,015
2 8@ Landing group With tension
~ Tolerance system CO
Conditional designation o220 HS5
Allowance, mm TD 0,009
The value of the main
% deviation, mm 0 (lower)
= [<5) ]
é = Limit Upper ES +0,009
& deviations, microns Lower El 0
@ Limit sizes, mm Dinax, MM 20,009
4 Drmin, MM 20
5 Conditional designation 20 p4
Y Allowance, mm Td 0,006
= The value of the main deviation, mm 0,022 (lower)
> E Marginal deviations, pm upper es 0,028
7] lower ei 0,022
limit sizes, mm dimax, MM 20,028
dmin, MM 20,022

3. PRACTICAL SIGNIFICANCE

Usually, crosspiece breakdowns occur due to the
wear of needle bearings, their wear leads to jamming
of the crosspiece and its further failure. In the
crosspieces of cardan joints with a needle bearing,
wear occurs called "false brinelling” (Figure 4).
During oscillatory movements with  small
amplitudes Aa and large normal Rc loads, needle
dents form on the working surfaces of the ring and
the spike of the crosspiece, and further operation
becomes impossible and dangerous (Figure 5).

e |

a) b)

Fig. 4. The appearance of worn parts («false
briningy) of the bearing assembly of the
crosspiece a) — the bearing cage; b) — the axle
of the crosspiece

Fig. 5. Operation diagram of the needle
bearing in the cardan shaft crosspiece

When repairing the crosspieces, the following
technological requirements must be met:
- non-cylindrical spikes no more than 0.006 mm
- the deviation of the axes from the position in the
same plane should be no more than 0.3 mm
- misalignment of the spikes no more than 0.01 mm
- non-pendicularity of the axes is not more than 0.2
mm
- roughness Ra of the "spike" surface is not worse
than 0.32 microns according to Standart 2789-73
- CTT (Chemical-thermal treatment) of spikes —
cementation h=1,4mm
- the hardness of the spikes is 61...67 HRC.
Worn-out crosspieces are repaired by installing a
spring insert, if the brinelling of the crosspiece spike
with a depth of depressions of ho more than 0.5 mm,
or surfacing under the AH-348A flux, if the depth of
depressions exceeds 0.5 mm. You can use the UD-
209 or A-547U installations. Next, the spikes are
drilled, leaving an allowance for final processing of
0.2 mm per side. Then, high-frequency hardening of
the spikes is performed. Next, the spikes are ground

into the nominal size of the "spike" ©257¢; and

033,62 90,smm, respectively, for parts 2201030
and 2205030 on circular or centerless grinding
machines.

In terms of repairing the crossbar, it was
proposed to replace the needle bearings with a spring
insert; for this purpose, it is necessary to grind the
surface of the crossbar spikes. This crossbar is
equipped with a special movable insert in the form
of a cylindrical spiral spring, which rotates only in
one direction during oscillatory movements. This
results in uniform wear and even distribution of the
lubricant.
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The proposed innovative repair kit, presented in
Figure 6, was designed to improve the efficiency and
effectiveness of the mechanism. These effects are
achieved thanks to the use of a flexible intermediate
element mechanism in the bearing as a movable
insert in the form of a spiral-cylindrical spring. By
adjusting the pressure force in the designed spring, it
is possible to create a tight seal on the working
surfaces. This eliminates oxidation processes and
additionally causes microplastic deformation of the
surface [19-22].

ssscessan

(XX XXX XXX

Fig. 6. Concept of bearing design with a
movable spiral-cylindrical spring

In order to improve the stabilization of the
operating mode and ensure uniformity of surface
contact and, as a result, wear, the following
modifications were introduced. During the cycle of
reciprocating movement of the shaft or outer ring,
during which the spring is twisted (compressed) or
unwound (stretched), cyclic braking occurs as a
result of contact on selected sections of the internal
or external surfaces of the spring. The resulting
braking effect generates forced rotation of the linear
spring in only one direction, depending on the
direction of spring winding. The effect of this
mechanism is to improve the uniformity of wear. An
additional effect is the constant change of direct
contact surfaces on work surfaces, which further
reduces the intensity of wear. The design also
includes the possibility of adjusting the sealing level,
e.g. to compensate for wear during repair. This is
achieved by adding additional shims between one of
the support washers and the end of the linear spring
[25].

To achieve and maintain a wear-free regime
when the above conditions are met, a variety of
different methods and tools can be applied. These
methods include the addition of metal-coating
additives to the lubricant, the use of special non-
abrasive processing methods (for example, finishing
antifriction treatment), as well as the usage of metal-
coating components materials.

It follows from the figure that the cardan shaft
crosspiece with an innovative repair kit under load
Figure 7 has a much better characteristic than the
standard cardan shaft crosspiece Figure 8. It follows
that the replacement of an innovative repair kit
affects the characteristics of the cardan shaft
crosspiece. The use of an innovative repair kit has a
positive effect on the service life and reliability of
the cardan shaft crosspiece. These are the effect of

the spring sealing element to provide coupling with
higher accuracy and durabilitﬂy:_

Fig. 8. Innovative repair kit under load

The diagnostic stand SIA-04 "ENGA" is
designed for testing telescopic racks and shock
absorbers of various types for passenger cars. The
test is performed based on the method of harmonic
oscillations and the construction of a working
diagram of the shock absorber being tested (force-
displacement coordinates) or speed characteristics
(force-speed coordinates). The testing process is
automated, controlled by a computer.

Fig. 9. Diagnostics of the speed
characteristics of the front strut of the shock
absorber with an innovative repair kit
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Fig. 10. High-speed characteristics of the
front strut of the shock absorber with an
innovative repair kit

Figure 10 shows a working diagram of the
diagnostics of the speed characteristics of the front
strut of the shock absorber with an innovative repair
kit, the results showed within the standard values,
but somewhat better than a standard shock absorber.
Presumably, this is due to the better sealing of the
piston ring, due to its innovative design. The use of
a spring sealing piston ring will increase the service
life of the piston-cylinder interface and will not
adversely affect the characteristics of the shock
absorber.

4. CONCLUSIONS

The concept of a sliding bearing designed for
reciprocating motion using a conical spring liner has
been created and presented. This design can be
applied in various components of cars and other
vehicles, such as suspension components (shock
absorber), power train elements (cardan shaft joints),
steering system components (differential), and
others.

A method for calculating a conical spring liner
for a sliding bearing has been developed, which can
be used at enterprises when designing components
and assemblies using innovative bearings.

Application of designed innovative repair kit can
contributes to even 2-fold increase in the durability
of elements operating under heavy loads in the
reciprocating-rotational mode.

An additional economic benefit that may
determine the implementation of the developed
solution is the reduction of production and assembly
costs of the developed repair Kkit. This is due to the
lower required accuracy of the working surfaces of
the cooperating parts, and therefore lower equipment
requirements and shorter operational cycles during
production.
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