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Helical gears, due to their increased contact region during the engagement cycle and
consequent reduction in noise, have become ubiquitous in mechanical engineering
applications and thus form the focal point of this study. This research paper
meticulously examines the position of the helix angle and comprehensively evaluates
its influence on the reaction force and its evolution on the gear shaft. The results reveal
an optimal helix angle of 30 degrees, which minimizes the stress impact on the shaft. In
contrast to the typical 40-degree angle, a reduced helix angle of approximately 5 degrees
results in the largest displacement along the x-axis for gear 3 at a rotational speed of
590 rad/s, reaching up to 0.15 micrometers. Furthermore, the lowest percentage error
can be observed at the 5-degree angle, with a maximum value of 0.8 degrees. A
maximum reaction force of 1080 N is observed at a helix angle of 5 degrees, which
increases further with the length of the helix. These results provide compelling evidence
in favor of the 5-degree angle as opposed to significantly larger angles. The force
exerted on the shaft, viewed from two distinct axes, and its temporal evolution are also
meticulously examined, providing valuable insights into the dynamic stress of high-

speed helical gears.

1. INTRODUCTION

Innovative pure rolling gear drives hinge on the dynamic
design of the cross-sectional profile. When compared to
traditional involute helical gear drives, these gears exhibit
enhanced contact and bending stresses. However, the potential
of pure rolling cylindrical helical gears for application in
plastic gear systems is noteworthy. The unique characteristic
of pure rolling mesh contributes to a lower heat generation and
enhances the rigidity of the gears [1].

Gears, specifically helical gears, are commonly utilized to
transmit mechanical power, with the distinct ability to do so
more smoothly than other gear types. The forces exerted upon
gear teeth significantly influence operational limits, subjecting
them to stresses that can lead to failure. One such force, the
root bending stress, has been identified as a key contributor to
tooth failure in helical gears.

This paper further investigates the impact of tooth bending
stress on single and herringbone helical gear systems. A
comparative analysis is conducted between the results
obtained from a finite element analysis and those from a
theoretical investigation, shedding light on the effects of root
bending stress on these gear systems [2]. This comparative
study elucidates the intricacies of gear design, ultimately
contributing to our understanding of the dynamic stress in
high-speed helical gears.
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2. LITERATURE
STATEMENT

REVIEW AND PROBLEM

The demand for gears with high load-bearing capacity,
efficiency, cost-effectiveness, low noise, and compact size
continues to grow. This study confines the volume of a helical
gear pair through the use of Real Coded Genetic Algorithm
(RCGA), introducing profile shift coefficients as design
variables alongside module, the number of teeth, and face
width. The optimization process incorporates the constraints
of tooth contact and bending stress. Upon comparing volumes
with and without profile shift, it has been found that the
volume with profile shift is smaller. The research paper
conducted an analytical study on two gear teeth and utilized a
complete gear assembly [3].

For low weight, high efficiency, and minimal noise, the
comprehensive computation of a helical gear pair was
streamlined. Optimal responses for five combinations of the
three objectives were analyzed. The design aims to enhance
the mass and efficiency of the gear. The gear noise design
objective was selected as the peak-to-peak static transmission
error (PPSTE), a primary source of gear vibration. The
research paper analytically examined the left angle of one gear
without addressing the topic of transmission error [4].

A method for calculating the failure probability of
cylindrical gears with arc-shaped (circular) teeth along their
length, due to bending endurance, was developed. The solution
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to the problem is obtained using the tool of nonparametric
statistics, enabling failure probability calculation regardless of
the complexity of the stresses occurring at the teeth root during
gear operation. The research paper primarily discussed types
of gears and retainers [5].

Asymmetric helical gears have been under scrutiny for over
two decades due to their inherent ability to handle greater
bending stresses. In this type of gear, only one side of each
gear tooth in a geared element is usually loaded
(driving/driven side), while the other remains largely unloaded
(coast side). Owing to the deviation of the tooth, a nonlinear
model is utilized. The basic calculation is initially generated in
2D and later converted to a 3D shape using Boolean
operations. The research paper discussed the stresses
generated as a result of interlock but did not conduct an
analysis of the issue of Transmission Error [6].

Gear parameters such as pressure angle, helix angle, etc.,
impact the load-bearing capacity of gear teeth. Failure at the
critical section due to bending stress is an inevitable
peculiarity, but the degree of these failures can be mitigated by
appropriate gear design. Results show that the experimental
method provides bending stress values closer to the actual
value, and bending stress varies with Pressure angle and Helix
angle. The research paper discussed gear angles and pressure
angles under the influence of non-fixed variables, which is the
focus of the presented work, but did not take into account
transmission error [7]. Ductile stress and compressive stress
could be reduced by 10% with an increase in the helix angle.
The coefficient of friction significantly impacts the tensile
stress of gear pairs. Owing to its influence, the peak advantage
of time-varying tooth-root stress transitions from High Point
Surface Tooth Contact (HPSTC) to Low Point Surface Tooth
Contact (LPSTC). In double tooth contact conditions, the
increase in parallel misalignment may be mitigated by up to
18% during the approach phase. The research paper studied
the addressed mechanical errors analytically [8].

This study evaluated the impact of gear tooth addendum and
dedendum on the improved results for full-scale gear design.
Initially, full-scale design parameters such as mass, gear mesh
efficiency, and transmission errors were employed to optimize
the gear, resulting in comparable constraints for both the
pinion and wheel. The results indicate that the average score
for the optimization, considering only the primary design
variables, was 2.7085. When including the Addendum and
Dedendum, the average scores were 2.7829 and 2.8830,
respectively. The research paper conducted an analytical study
on two gear teeth and incorporated a complete gear assembly
[9].

Enhanced modification in tooth profile has significant
benefits in gear operations. The impact of profile shift and
specific sliding on the design optimization of helical gear pair
have been considered. Preventing undermining, balancing
wear, and bending fatigue strength, and center distance
adjustment are some advantages of profile tooth
modifications. 3D Computer-Aided Design (CAD) models
were developed using the optimized results obtained from
RCGA and commercially used software. The research focused
on adjusting or achieving optimal shapes for mechanical gears
and understanding the intersection points between two gears
[10].

Determining the actual bending stresses at the tooth root is
a crucial step in the precise design of gears. The photo stress
coating method, along with a reflection polariscope, was
utilized as an experimental technique. Speed factor method
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and Spot's equation method were employed to estimate
dynamic load and bending stress at the critical section of the
tooth. The research conducted a study on the impact of stresses
on the motor gear in a time-variant state [11]. Inevitable
misalignment and microgeometry are crucial considerations in
gear design as they influence the resulting stresses,
transmission error, and dynamic response. Analyzing the
stress concentration on tooth root and flank areas is vital for
predicting potential failure mechanisms. Different tools for
modeling gear teeth resulted in much larger loads than the
Software. Case 3 demonstrated that compensating for the
effects of misalignment in operation could be achieved using
microscopic geometric adjustments. Micro gears and the
impact of mesh were used to obtain controllable results [12].

The author proposes a method for constructing a high-
accuracy three-dimensional (3D) Finite Element Model
(FEM) of involute helical gears. The FEM of the helical
material is built without the need for CAD software or the
creation of a calculation model in advance, using a bottom-up
modeling technique. To enhance the mesh quality and
precision, a local refinement method for the hexahedral
element was developed. Based on the quasistatic loaded tooth
contact analysis, the tooth load sharing percentage, static
transmission error, mesh stiffness, root bending stress, and
contact stress are obtained using the proposed model. The
paper discussed the point contact between gears and its effect
on the resulting stresses [13].

A paper presents an improved model developed by the
Hybrid User-Defined Element Method (HUELM) for dynamic
analysis of a double helical gear reduction unit. The model
consists of four developed elements to individually simulate
the gear pair, bearings, flexible shafts, and the housing. It is
more efficient than the Finite Element Method (FEM) and
lumped mass method (LMM) and is suitable for large-scale
analysis of transmission gear. The research paper examined a
complex of gears with the effect of gearing on stresses, as well
as the effect of acceleration [14].

Arc face gear transmission is a new type of gear
transmission that can address the problem of root bending
strength in eccentric straight and helical arc face gear. In this
study, the plane equal pitch arc was obtained by deriving a
condition of pitch arc, pressure angle, and contact ratio in the
meshing process. The impact of the primary design boundaries
on bending stress was also studied in depth. The paper
investigates the bending stresses of gears [15].

This research addresses the issue of unbalanced loading of
helical gears using a mechanism for the unique variation of
tooth width. During experimental testing, the redesigned gear's
swing vibration response is reduced by a maximum of 26.15
percent. The dynamic load coefficient is also reduced by a
maximum of 20.84 percent, and stress is evenly distributed on
the tooth surface. The results of the linear forces that
significantly affect the gears were obtained, necessitating
calculations for the transmission error [16].

The study explores the impact of gear tooth spalling in a
helical gear. A scientific model was developed to focus on the
effect on the time-varying mesh stiffness, contact stress, and
tooth root fillet stress. A Finite Element Method is presented
for simulation, to analyze the mesh stiffness and stresses
obtained from the mathematical method under different
spalling factors. The study generally discusses the effect of the
mesh in resolving the results [17]. This research explores the
effects of the contact design plan on the mechanical and
thermal behavior of plastic-steel helical gear drives. For



various designs of the pinion tooth surfaces, key parameters
such as maximum contact pressure, frictional power loss,
transmission error work, and operating temperature were
determined. The findings show that a well-thought-out design
can help reduce the peak contact pressure and maximum
operating temperature while enhancing the solidity of the
transmission. The paper discussed the thermal effects resulting
from gear engagement [18].

The review proposes a nonlinear hybrid dynamic model of
a helical gearbox. The nonlinear coupling effect of time-
varying mesh stiffness (TVMS) and transmission error
excitation is considered in the model. The impacts of tip relief
and crowned lead on the dynamic characteristics of the helical
gear transmission system's TVMS are examined. The
theoretical model is validated against an experimental setup of
a high-speed rail traction gearbox transmission structure, and
strong responses are considered. The paper studied the non-
linear motion in gearing and does not address the transmission
error [19].

The research aims to limit the stress and optimize the
design, focusing on the effect of the Profile Shift Factor x on
the stress generated at the base of the spur gear teeth pair.
According to the LEWIS theory, the potential effects of
bending stress are estimated using 1SO standard conditions
and verified by Finite Element Method (FEM) using ANSYS
software. The paper discussed standard gears and the effect of
bending stress on them [20].

The objective is to minimize volume while considering
tooth root bending strength, contact stress, face width, and
addendum modification coefficients as constraints. Profile
changes in the gear significantly influence its structure, area,
stress factors, transverse and face load factors. Simulation
results with and without profile shift, implementation of
various algorithms are explored and validated with literature.
The research paper discussed the effect of the shaft on the
movement of the gears [21].

Case-carburizing of helical gears with large helix angles
may cause the formation of excessively thick hardened layers
at the tooth width end on the acute point side (ACUTE-END),
which could adversely impact bending fatigue strength. It was
found that 1SO 6336-3:2006 overestimated the rate of increase
of the permissible circumferential loads for similar angles
beyond about 30 <based on the obtained bending fatigue limits.
The paper studied the bending stresses of gears [22].

The reason for the failure of a secondary driving helical gear
in electric vehicle transmissions was investigated. The primary
cause was the material's low Ti concentration, which led to
hardening depth and hardness in the root area, as well as
several large carbides on the Martensite lattice due to improper
heat treatment. The fatigue failure could have been caused by
high contact pressure in the root position and impact load at
the initial stage of gear meshing during operation. The study
included the concept of electric cars and the method of
interlocking gears [23].

Simulation models for coast flank and drive flank injections
were developed using skewed helical gear injection oil. The
effects of different stuffing rates and spray speeds on the oil
volume fraction and strain are examined. The drive flank
injection method obtains superior oil when the spray speed is
more than 2.7 times the pitch line speed. The paper discussed
the thermal effects resulting from gear engagement [24].

The aim of this research is to investigate the impact of tooth
profile modifications on helical gear transmission errors. The
contact pressure was examined for different roll positions to

determine the most critical roll point in terms of root flank
pressure. From the root to the tip, the optimal profile is
proposed. With a two-layer FEM, the PPTE (peak-to-peak
transmission error) is assessed at the roll points under different
loading conditions. The study focused analytically on reducing
the transmission error, but in a constant state with time and not
changing [25].

The aim of this work is to investigate the important
parameters of helical gear and to achieve this aim, the
following objectives are accomplished:

+ Study helix angle effect on stress;

+ Study helix angle effect on gear orbits;

* Study helix angle effect on gear X-displacement;

* Study helix angle effect on gear Z-rotation;

* Study helix angle effect on gear Transmission error;

« Study helix angle effect on reaction force.

3. MATERIALS AND METHODS
3.1 Materials and methods

The model was designed with the Solidworks program,
which is a precise engineering design program used in
engineering simulation programs, where the models were
designed according to the rules of ISO and gears were
interlocked and using a set of helix angle variable to see which
one is better in terms of carrying it during use as shown in
Figure 1.

Figure 1. Geometry of helical gear

3.2 Mesh

After completing the model design completely, it is
necessary to check the accuracy of the mesh. This is done by
reducing the size of the element and displaying the results until
a good convergence is reached in the variables of the results,
which is called mesh reliability as shown in Table 1.

Table 1. Mesh independency

Case Element Bearing Forces on x-axis (N)
1 110575 1499
2 183543 1469
3 233876 1461
4 275828 1460

Mesh independency was done for bearing forces on x-axis,
and the study proved that the error value reached 0.001%, and
this is what makes the mesh integrated for this case. Where the
element count reached 275828 at bearing forces on x-axis



1460 N, which is sufficient to simulate the situation and reach
results close to reality as shown in Figure 2.
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Figure 2. Mesh geometry
3.3 Boundary conditions

The study was done in terms of moving the main shaft with
a number of revolutions of 1500 revolutions, a time of 0.06 s,
and a torque of 100 N. As for the study of vibrations, it took
variable speeds from 0 to 9000 with a change of 500 RPM. In
many cases, angles helix (5, 10, 20, 30, and 40) were taken,
see Table 2.

Table 2. Dimensional parameters

Name Expression Value Description
nl 20 20 Number of teeth, gear-1
di1 100 [mm] 0.1m Pitch diameter, gear-1
n2 30 30 Number of teeth, gear-2
d2 150 [mm] 0.15m Pitch diameter, gear-2
alpha 25[deq] 0'4;233 Pressure angle
beta 40[deq] 0'?2313 Helix angle
gr n2/nl 1.5 Gear ratio
kg 2e[N/m] 2E6 N/m Gear mesh stiffness
kb 1e7[N/m] 1E7 N/m Bearing stiffness
omega  1500[rpm] 251/s Angular ssphe:f(z of driver
Text  1e2[N*m] 100 N-m Resisting t(s)rr&ﬂte on driven
t end 1.5/omega 0.06 s Total simulation time

3.4 Governing equations

The general equilibrium equations for a static analysis of a
linear structure are:

[K]{u} = {F} (1
[Kl{u} = {F*} + {F"} 2)

where, [K]= XN _,[K,] =matrix of total stiffness (N/m);
{u}=vector of nodal displacement (m); N=elements number;
[Ke]=matrix of element stiffness (in the Element Library
described) (The element stress stiffness matrix might be
present (Stress Stiffening describes)) (N/m); {F"}=load vector
reaction (N); {F?}=The definition of the overall load vector is
as follows(N):
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N
(F = Y+ (FY+ Y (EMHET)) )
m=1

where, {F"}=nodal load vector that was used (N); {F*}=-
[MI{ac}=load vector acceleration (m?/s); [M] = XN _,[M,]
=overall mass matrix (kg); [Me]=matrix of element mass
(Derivation of Structural Matrices describes) (kg); {ac}=
overall acceleration vector (established in the Acceleration
Effect) (m%s); { Et"}=thermal load vector of an element
(Derivation of Structural Matrices describes) (N); {F/" }=load
vector element pressure (Derivation of Structural Matrices
describes) (N) [10].

4. RESULTS
4.1 Helix angle effect on stress

The effect of the helix angle has negative aspects on some
variables or mechanical phenomena and positive aspects on
others. From Figure 3, it can be seen that the value of the stress
has a large distribution on the shaft in corners 5, 10, and 40,
but in corners 20 and 30, its distribution is less, and this stress
is scattered in the last shaft, where the stress on it is very little
compared to the rest.

Where it is noted that the best condition reached in the
angles of helical gears is 30, where the effect of stresses on the
shaft is relatively small.
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Figure 3. Stress contour at (a) 5 degrees, (b) 10 degrees, (c)
20 degrees, (d) 30 degrees, (e) 40 degrees

4.2 Helix angle effect on gear orbits

As for the effect of angles on the axial movement of the
gears, it can be seen in Figure 4 that the value of the axial
movement decreases gradually with the increase in angles and
is less susceptible to uncoordinated movement, as in angle 40.
It may be unsatisfactory in terms of axial movement.

So, angle 5 is the best angle because of its axial motion
coordination and its non-deviation from the composition of the
orbits in the remaining angles.
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Figure 4. Gear orbits at (a) 5 degrees, (b) 10 degrees, (c) 20
degrees, (d) 30 degrees, (€) 40 degrees

4.3 Helix angle effect on gear X-displacement

The vibration process as a result of the engagement of the
gears loses its kinetic energy in a large way, which goes
through heat or noise. Through Figure 5, he notices the
movement of the axes from their center due to the spherical
movement of the gears.

Frequency response: x-displacement

x-displacement {m)

100 200 300 400 500 600 700 800 900
omega (radls)

(@)

Frequency response: x-displacement

x-displacement {m)

600 700 800 200

500
©omega (rad/s)

(b)
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Figure 5. Outlet temperature with adding Al,O3
concentrations at morning

At angle degree 5, it is noted that the largest value of
movement in the x axis was for gear 3 at a rotational speed of
590 rad/s, which reached 0.15 micrometers. At angle degree
10 and at the same gear and the same degree of rotation, the
axial distortion value was 0.27 micrometers. At an angle of 20
degrees, the value of the rotational speed increased to 600 rad/s,
and in the fourth gear, the deformation value was 0.56
micrometers. It may be noted that the large rise in angles 30
and 40 reached from angle 40 to 9 micrometers, which is
relatively large compared to the remaining angles.



4.4 Helix angle effect on gear Z-rotation

With regard to the vertical rotation in the z axis, we may
notice the same ascending features for the vertical rotational
movement, where the 5 angles represent the best solutions for
this movement compared to the remaining angles, as can be
seen in Figure 6.

4.5 Helix angle effect on gear transmission error

The angles of the helix have a significant impact on the
angle of error with the engagement of the gears, as Figure 7
gives clear evidence of the ratio of the engagement error
between the small and large gears and the method of
increasing and decreasing between them.

Where it was noticed that the lowest error percentage that
can be obtained is at angle 5, whose maximum value is 0.8
degrees between the gears compared to the rest of the angles.
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Figure 6. Z-rotation at (a) 5 degrees, (b) 10 degrees, (c) 20
degrees, (d) 30 degrees, (e) 40 degrees
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Figure 7. Transmission error at (a) 5 degrees, (b) 10 degrees,
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4.6 Helix angle effect on reaction force

The most important part to be studied is the value of the
influence of angles on the reaction force for the shaft. Through
Figure 8, the results of the force acting on the shaft can be seen
from two different axes and their change with time.

Where it was noticed that the lowest error percentage that
can be obtained is at angle 5, whose maximum value is 0.8
degrees between the gears compared to the rest of the angles.

5. DISCUSSION

1. Some variables or mechanical phenomena are adversely
affected by the helix angle, whereas others are positively
affected. According to Figure 3, the stress value is distributed
widely on the shaft in corners 5, 10, and 40, but less widely in
corners 20 and 30. The stress is also dispersed across the final
shaft, where it is relatively low compared to the other shafts.
The ideal condition for helical gears is reported to be at an
angle of 30, where the influence of strains on the shaft is
minimal.

2. Regarding the impact of angles on the axial movement of
the gears, Figure 4 illustrates how the axial movement value
steadily reduces as the angle increases and becomes less
vulnerable to ad hoc movements, such as angle 40. It may not
provide appropriate axial mobility. Because of its axial motion
coordination and lack of divergence from the orbital
composition of the other angles, angle 5 is the optimum angle.

3. The vibration process caused by the engagement of the
gears loses a significant amount of kinetic energy, which is
transferred as heat or noise. Through Figure 5, it can see how
the axes are moving away from their centers as a result of the
gears' spherical motion. The maximum value of movement in
the x axis was for gear 3 at a rotational speed of 590 rad/s,
reaching 0.15 micrometers at angle degree 5, it is observed.
The axial distortion value was 0.27 micrometers at angle
degree 10, the same gear, and the same rate of rotation. At a
20-degree angle, the rotational speed climbed to 600 rad/s, and
the deformation value was 0.56 micrometers in fourth gear. It
should be noticed that the steep increase in angles 30 and 40
was rather considerable compared to the other angles, reaching
from angle 40 to 9 micrometers.

4. As shown in Figure 6, the rising characteristics for the
vertical rotational movement are the same for the vertical
rotation in the z axis, with the 5 angles providing the best
solutions for this movement when compared to the other
angles.

5. Since Figure 7 shows the ratio of the engagement error
between the small and big gears and the way of growing and
decreasing between them, it is obvious that the angles of the
helix have a major influence on the angle of error with the
engagement of the gears. It was discovered that angle 5 has the
lowest possible error %, with a maximum value of 0.8 degrees
between the gears in comparison to the other angles.

6. The value of the effect of angles on the reaction force for
the shaft is the most crucial factor to be investigated. Through
Figure 8, the effects of the force acting on the shaft from two
separate axes can be observed, along with how they change
over time. The maximum response force at helix angle 5 is
equal to 1080 N, but it grows as the helix angle value increases
to reach 1450 N at angles 40 W. This clearly illustrates the
benefit of helix angle 5 compared to the large escalation of
angles.
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6. CONCLUSIONS

1. The value of the stress has a large distribution on the shaft
in corners 5, 10, and 40, but in corners 20 and 30, its
distribution is less. Best condition reached in the angles of
helical gears is 30, where effect of stresses on shaft is relatively
small.

2. The orbits of the planets orbit Earth around a Sun-like star
at an angle of about 5, rather than 40, as is usually the case,
because of its axial motion coordination and its non-deviation
from the composition of the orbits in the remaining angles.

3. At angle degree 5, the largest value of movement in the x
axis was for gear 3 at a rotational speed of 590 rad/s, which
reached 0.15 micrometers. The large rise in angles 30 and 40
reached from angle 40 to 9 micrometer is relatively large
compared to the remaining angles.

4. With regard to the vertical rotation in the z axis, we may
notice the same ascending features for the vertical rotational
movement as we do for the horizontal rotation. The 5 angles
represent the best solutions for this movement, and the
remaining angles are the less attractive solutions.

5. The angles of the helix have a significant impact on the
angle of error with the engagement of the gears and the ratio
of the engagement error between the small and large gears.
The lowest error percentage that can be obtained is at angle 5,
whose maximum value is 0.8 degrees.

6. The helix angle 5 has a maximum reaction force equal to
1080 N, while it rises with an increase in the length of the helix.
This gives clear evidence of the advantage of angles 5
compared to the escalation of angles significantly. The results
of the force acting on the shaft can be seen from two different
axes and their change with time.
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