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Abstract: The paper deals with gearbox optimization. It is a two-speed bevel-helica
gearbox, which is part of the cooling tower drive. The gearbox malfunctions often
occurred during operation. For this reason, changes have been proposed to eliminate
transmission failure. The changes concerned the bevel gearing as well as the helical
gearing, the body of the gearbox and its lubrication.
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1 Introduction

In the production of equipment and machines with higher
performance at reduced weight, greater demands are placed on
the development of new technologies, which is closely related to
the constant improvement of the structure. Tendencies of
developed parts are to significantly increase the speed of
movement of individual members of the mechanisms, rise of
operating temperatures, increase in the load on components and
other operating parameters [1 — 4]. These operating parameters
bring more demanding theoretical problems. It requires scientific
in the design of units, as well asin the design of individua parts
of machines[5-7].

Each device or machine consists of a large number of
components. We would not be able to responsibly design
machine mechanisms and the whole machine if we could not
recalculate, design and manufacture its elements[8, 9].

A machine part is a building element which, after production, is
no longer machined by any further assembly operations and on
the other hand, cannot be disassembled into simpler parts. We
divide components into simple and complex ones [10 - 13]. The
simple parts include, for example key, nut, screw: complex
components include for example gearbox housing. The part is
most often made of one piece of material.

The components are assembled into assembly units or groups.
Such group forms a functional unit. These groups are divided
into simple and complex ones [14, 15]. More complex groups
can consist of several simpler groups, or of separate components.

An assembly group is called a mechanism when it is used in
machines and devices to perform purposeful, useful and
unambiguous movements. The mechanism transmits not only
motion but also forces and transforms one type of motion into
another [16]. The mechanism allows a part or group of parts to
move aong a predetermined path.

The gear is a three-piece mechanism consisting of a pair of
meshing gear wheels and a stationary frame with the axles of
both wheels. The gears form a rotating kinematic pair with the
frame and the sides of the gearing meshing form the so-called
general kinematic pair with a point or line touch [17, 18].

The gearing i.e., the system of meshing teeth on both gear
wheels, must meet the basic requirement - to achieve a constant
gear ratio between the two gear wheels. In addition, it must meet
other functiona requirements (high load-bearing capacity and
efficiency, smooth and quiet operation, etc.) and production
requirements (suitable and productive method of production,
inspection and assembly) [19, 20].

The task of the transmission is to ensure the transfer of
mechanical energy from the driving machine to the driven

machine, while a certain parameter (speed, torque, type of
movement, etc.) is modified.

The two-stage bevel gearbox ensures the transfer of mechanical
energy from the driving machine to the driven machine. The
gearbox is an important part of the cooling tower.

The cooling tower ensures the cooling of the turbine condensers,
in which the steam is taken away from its no longer usable
energy, while in the cooling towers steam and small water
particles escape into the air.

The cooling tower ensures cooling of the turbine condensers. In
these cooling towers, steam and small particles of water escape
into theair.

The gearboxes for cooling tower are required to be water, dust
and temperature resistant. The article is devoted to the
optimization of gearing and bearings of a bevel helical gearbox
for cooling towers.

2 Requirementsfor bevel helical gearbox

The request was initiated from the contracting authority.
Originaly, the line had a two-stage bevel helical gearbox (Fig.
1) for cooling towers, which provide cooling for turbine
condensers, which aso include this gearbox. This gearbox
transmits high power from the electric engine to the input shaft
via the countershaft and drives the propeller in the cooling tower
through the output shaft. This gearbox malfunctions regularly
during operation. The input speed was equal to n;=1500 min’,
the total transmission ratio was equal to 11.2, the axia distance
of helical gearing was equal to 315 mm.

Figure 1. Bevel helical gearbox.

The gearbox is designed to reduce the speed of the drive
machine - electric engine, to the input speed of the driven
machine in a constant gear ratio. The input shaft is positioned
horizontally, the output shaft vertically upwards. The gearbox
consists of a bevel gearing and a helical gearing mounted by
means of bearings. The maximum engine torque must not exceed
1.7 times the rated torque on the transmission input shaft. This
condition can be achieved in operation by regulating the current
of the electric engine during starting (two-speed motors,
frequency converter, electric engine starter, etc.) or by using a
clutch with soft characteristic, it is not recommended to use an
asynchronous engine drive with a short - circuit rotor, controlled
by direct connection to the grid.
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After removing the top cover of the gearbox, damage to the
bearing cage was found (Fig. 2), which should ensure even
spacing of the rollers around the circumference.

- b
Figure 2. Damaged bearing on input shaft.

After replacing the damaged bearing, the correctness of the
meshing of the bevel gears followed (Fig. 3), where the meshing
area is determined by the color respectively testing paste.
Testing paste is characterized by good adhesion to metal or
dliding surfaces, does not dry out and smudge. The teeth are
painted with the paste, when the wheels of the gear turn at the
point of meshing, the paste is wiped off, and clear imprints
appear on the sides. The measurement did not show incorrect
meshing or any unevenness on the meshed surfaces of the gears.

Figure 3. Check of the correct meshing.

The gearbox was lubricated by dipping the wheels in lubricating
oil. To eliminate the failure rate, a strength check of the bevel
and spur gears was performed, on the basis of which the
optimization of the gearbox was designed.

3 Design of transmission optimalization

At the beginning, a new modified material for bevel gears was
chosen. Specifically for the bevel pinion, the materia steel 16
220.4 was chosen - surface hardened gearing on the sides. The
heat treatment of the wheel was designed as cementing and
hardening. The tensile strength of this materia is 880 MPa, the
yield strength is 635 MPa. The materia of the bevel face gear
wheel was chosen to be from steel 14 220.4 - surface hardened
gearing on the sides. The heat treatment of the wheel was
designed as cementing and hardening. The tensile strength of
this material is 785 MPa, the yield strength is 688 MPa.

For the second spur gear, the material was chosen to be the same
as for the first gear i.e., for the helical pinion material, material
16 220.4 - surface hardened gearing on the sides and for the
helical gear wheel 14 220.4 - surface hardened gearing on the
sides.

The modulus m,, a the mean conical distance was determined
from the greater value of bending or contact stress according to
[21].

The caculation of the modulus from bending stress:
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where fr is auxiliary factor for calculating the gear modulus
[mm], Kg is coefficient of additiona loads for bending
calculation, My, is torque on the pinion, [Nm], ¥, is conical
value of relative width, B is gearing helical angle, [°], z; is
pinion number of teeth, z. is planar wheel number of teeth, ogimp
is bending fatigue stress of material [MPa].

Modulus calculation from contact:
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where fy is auxiliary factor for calculating the pinion pitch
circle, Ky is coefficient of additional loads for contact
calculation, §; is half apex angle of the pinion rolling cone [°],
U; is transmission ratio of first bevel stage, onim iS contact
fatigue stress of material [MPa).

According to this standard, the modul of bending for spur gear is
determined by:

— 3| _KpMpy
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where fr is the bending coefficient for bevelled teeth, My, isthe
input shaft torque, yn, is the tooth width coefficient, z; is the
number of pinion teeth, o¢p iS the permissible bending stress for
the disappearing load.

The modul value of the contact stress for spur gear was
determined by [21]:
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where fy is the coefficient for bevelled teeth subjected to
contact, My, is the input shaft torque, yn is the tooth width
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coefficient, z; is the number of pinion teeth, i is the ratio
number, opp iS the permissible contact voltage for the
disappearing load.

For the first stage of bevel gearing the transmission ratio was
determined to be 3.55 and for the second stage, helical gearing
transmission ratio was determined to be 3.15.

Modulus of thefirst stage for bevel gearing with eloid shape was
calculated from bending and contact equations, and then the
normalized value of the modul m,,=7mm was chosen, with the
modul on the outer front planeis mg = 11.076mm.

For the second stage of helica gearing, the modulus was
determined from the bending and contact equations on the basis
of which the value of normalized modulus was chosen to be
m,=8mm.. The proposed modules were used for calculation of
all needed gear wheels dimensions.

Lubrication of the bevel and helica gearing for the first and
second stage upper bearings is ensured by means of pressured
oil, which is integrated into the gearbox by a pump. The purpose
of the pressure ail is not only to lubricate but also to cool the
first and second gears of the gearbox. Lubrication of the bevel
pinion bearing is by immersion in the ail filling and at the same
time by injecting oil from the distribution from the pump.

Cooling of the gearbox is provided by an axia fan, which is
located on the input shaft of the gearbox where the heat transfer
to the surrounding area as well. The shaft seal of the gearbox is
secured by rotary o-ring seals (Fig.4).
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Figure 4. Scheme of gearbox bearings and seals.

L

The gearbox is tightly closed and can operate in dusty, humid
and chemically harmless environments that do not degrade the
ail filling and do not contaminate the sealing ability of the rotary
sedls. The gearbox housing is divided, and the connection
surfaces are sealed with a sealant. The interior surfaces of the
gearbox are painted with oil-resistant paint.

The inside of the gearbox is connected to the surrounding
atmosphere by an air vent, which isin the pouring plug, to which
it is necessary to connect an air hose with an outlet outside the
diffuser.

Heating of the ail is achieved by means of a heating spira
(Fig.5). The temperature and quantity of oil in which the heater
isimmersed must be such that the temperature of the heater does
not exceed a flash point of 10 °C. The heater must be switched
off and cooled before removal.

Figure 5. Heater.

The purpose of the heating coils is to heat the oil in the gearbox
to operating temperature, which makes the gearbox ready for
100% load at any given time.

If the temperature is lower than +5°C, the thermostat will switch
on the heaters. Heaters are switched off after the oil reaches
temperature of +10°C .

Finite element analysis of the gearbox was performed. The
condition for the successful mastering of thisissue isthe creation
of a computational model for solving the problems of static
deformation analysis by the finite element method. The first step
is to create geometric 3D model of gearbox body. The next step
was to define the material properties of gearbox body. The
material from which the gear wheel was made was replaced in
the study for solving FEM tasks, by using material constants
which characterize the material. Basic material properties such
as Young's modulus of elasticity, the modulus of rigidity and
Poisson's number were used. A finite element type of the Tetra
type was used (Fig. 6).

Figure 7. Deformation analysis.

Deformation analysis of the gearbox body confirmed the
correctness of the design of the modifications. The gearbox
housing complies.

4 Conclusion

The two-speed bevel gearbox ensures the transfer of mechanical
energy from the driven machine to the driven machine. The

-338 -



AD ALTA

JOURNAL OF INTERDISCIPLINARY RESEARCH

gearbox is an important part of the cooling tower. To eliminate
the fault, an analysis was performed, on the basis of which the
optimization of this gearbox was proposed. The design of bevel
gears and spur gears, the design of bearings, the design of special
accessories for gearboxes intended for cooling towers, the design
of gearbox lubrication and the analysis of the gearbox housing
using the finite element method were performed. The proposed
modifications have led to the elimination of failures.
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