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Abstract 

This paper introduces an analysis of the impact of gear ratio changes on helical 

gears' shifting dynamics, reaction moment, and contact force. Helical gears are 

widely used in mechanical systems due to their improved load-bearing capacities 

and gear properties. The objective of the current study is to investigate the effect 

of gear contact force on the reaction forces, moments and stresses at different 

gear ratios is crucial for optimising design and operational efficiency. The study 

uses a multipronged approach, including dynamic simulations, FEA, and 

mathematical modelling, to describe helical gears' geometry, tooth profiles, and 

material characteristics. Dynamic analysis is used to observe how gear ratio 

changes affect the system's dynamic response. The study systematically modifies 

these parameters to examine their impact. The first gear moved with 100 rad/s, 

while the second gear had 10 N.m torque and changed the number of gear teeth 

to 20, 30, and 40, varying the gear ratio value to observe changes in the simulation 

process. The distortion value increases with gear ratio, with the highest value 

observed at 1. The force reaction on the z-axis at 15 and 32 degrees is highest at 

350 N, increasing to 540 N at 15 with a gear ratio of 1.5. The largest reaction 

force is due to gear ratio 2.0. The contact force of a gear pair stiffness is affected 

by the gear ratio, with constant stiffness quality reaching 670 N at a gear ratio of 

2.0 but with greater degree intervals. 
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1.  Introduction 

Contact powers in helical gears are significant for their strength and proficiency. 

The exploration of associated forces and moments could give important bits of 

knowledge to equip originators, specialists, and makers regarding the best gear 

proportion choice for explicit applications in helical gear design. This 

understanding can further develop gear system execution, lessen mileage, and lift 

functional productivity. A superior comprehension of gear elements could prompt 

upgrades in gear plan processes and possibly prompt leap forwards in different 

designing fields. The examination means to progress hypothetical information on 

helical gear systems and give direction to working on their usefulness and plan in 

down to earth settings. 

Yang et al. [1] offered a clever strategy for working out the powerful excitation 

of a triple-helical gear pair that has been changed in three aspects by coordinating 

pivotal, root, and tip modifications. It registers the time-variation matrix system 

(TVMS), decides the tooth surface condition, and takes a gander at the tooth surface 

burden conveyance. Considering changing factors, the concentrate furthermore 

takes a gander at the tooth surface grating coefficient and time-variation filing 

excitation. The impacts of helix point and change boundaries on cross-section 

influence force (MIF) tend to be in a recipe for working out MIF. These techniques 

are useful for exactly ascertaining commotion and vibration in the twofold helical 

gear. Roda-Casanova and Gonzalez-Perez [2] explored how contact design impacts 

the mechanical and warm ways of behaving plastic-steel helical gear drives. For 

various pinion tooth surface plans, it processes the greatest contact pressure, 

frictional power misfortune, transmission blunder capability, and working 

temperature. The findings exhibit that further develop effectiveness and execution, 

decline top-to-top transmission errors, increment transmission life span, and limit 

the most extreme working temperature and contact pressure. Besides, the state of 

the pinion tooth surface can support retaining rakish misalignments. 

He et al. [3] framed a new way to deal with sorting out what helical gear 

coinciding means for the structure. The helical gear pair influence force is 

determined, the effect area and contact line length are found, and a numerical model 

is constructed. They presented a gear transmission system creation alongside a 

mechanised demonstrating application for tooth system examination. The work 

shows that it is feasible to rapidly figure out the cross-section effect of helical 

cogwheels. Xiang et al. [4] offered a modified gear contact force model with an 

accentuation on contact-influence occasions for dynamic examination of a helical 

gear transmission system. For the ordinary lattice step, the model utilises a 

conventional straight damping factor in addition to an original part connected with 

hysteresis damping. For assessing the impact of supporting powers on a crash, an 

impact factor is proposed, and another coefficient compensation is reasoned for 

ascertaining the hysteresis damping factor. The TVMS is inferred by utilising the 

cut hypothesis and the potential energy approach. A more precise contact force 

model that can recognise impact states is proposed. 

He et al. [5] reported that the straight worm pair can be raised by cross-section 

and tooth contact region advancement. Worm helicoid mathematical properties are 

obtained by the utilisation of the gear coinciding hypothesis. MATLAB's 

perception and handling limit are applied to mathematical investigation, mimicking 

contact line conveyance for explicit worm drive boundaries. A contextual 
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investigation of a round and hollow worm gear that meets with China's GB 10085-

1988 Standard outlines how cautious boundary choice might improve 

neighbourhood coinciding execution. The cross-section execution of the straight 

worm gear is additionally upgraded. By Zhao and Vacca [6] non-uniform stream 

causes mechanical vibrations and commotion outflows. To tackle this issue, 

constant contact helical gear siphons (CCHGP) were developed. A mathematical 

way to deal with the reproduction of CCHGP activity is presented, starting with the 

demonstrating of mathematical qualities for a liquid unique investigation 

considering lumped boundaries. Wang et al. [7] show that the vibrations of a helical 

gear are not entirely set by the unique cooperation between helical cogwheels and 

TVMS. The vibration attributes of the gears were researched utilising two coupling 

models: the horizontal torsional coupling model and the parallel torsional-pivotal 

swing coupling model.  

Zeyin et al. [8] developed a numerical model of helical pinion wheels and 

considered changes to longitudinal delegated, root help, tip help, and end 

alleviation. Utilisations of gear standards and direction changes were made to the 

rack shaper's cross-over cross-area profiles, and converging lines were registered 

to utilise the Gauss-Newton mathematical technique. To make exact gear surfaces, 

a parametric displaying program was bought. A strong model was developed, and 

a true design case was illustrated. Jiang et al. [9] stated that misalignment in the 

gear system might be brought about by assembling flaws or versatile deformations. 

Changes in the length of the contact line or the conveyance of burdens affect these 

cog wheels' dynamic characteristics. As of this moment, there is no decent method 

for portraying and registering the inward excitation of helical pinion wheels with 

sliding erosion and lattice misalignment. An upgraded technique considering the 

contact line length and time-differing rubbing coefficient model is introduced in 

this exploration. The model creates an eight-level of-opportunity insightful helical 

gear pair model by incorporating the unique lattice force with the time-shifting 

sliding grating power. Patil et al. [10] broke down contact stresses between sets of 

helical pinion wheels under a 3D static setting utilising the Lagrange multiplier 

strategy. They analysed helical gear sets with 0°, 5°, 15°, and 25° pitches. Erosion 

impacts at the contact area make what is happening more troublesome. The 

examination takes a gander at normal static coefficients of grinding going from 0 

to 0.3 and explores the connection between contact stresses and helix point and 

rubbing coefficients. 

Jiang et al. [11] proposed a procedure for inside excitation in helical pinion 

wheels with spalling shortcomings, including estimations and displaying. In view 

of the time-shifting length of the contact line, it processes the grating excitations 

and the firmness of the contact. The time-shifting contact firmness is acquired by 

utilising the Hertz contact technique. A six-level of-opportunity insightful helical 

gear pair model is obtained by incorporating cross-section firmness and time-

fluctuating sliding grinding. The outcomes exhibit that around the start and end of 

the spalling region, the motions of dynamic reactions develop more articulated as 

the spalling size rises. This original strategy gives a clever method for taking a 

gander at the excitation qualities of helical cog wheels with tooth spalling issues.  

Wu et al. [12] examined the gear driving qualities with a rising measure of use 

of the contact limited component investigation by the FEA approach. To predict 

the amount of tooth profile modification (TPM) for helical gear coordinates, [12] 

proposed an exact procedure in view of static contact FEA information. The impact 
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of TPM on vibration decrease is assessed by utilising dynamic contact 

reenactments. There are no more suspicions or disentanglements required for either 

the static or dynamic contact examination model. Dynamic contact recreations are 

utilised to expect the impact of TPM during the plan, and the exact TPM of helical 

cog wheels limits vibration around the functioning burden. Hedlund and 

Lehtovaara [13, 14] showed that the fitting mix of gear properties, which ought to 

be associated with gear system firmness variety in excitation and vibration 

examination, is a trouble for the gear drive plan. It is currently conceivable to 

foresee transmission errors and gear system firmness with high exactness utilising 

a mathematical method. 

Most previous helical gear studies focused on the topic of analytical solutions 

and analysis without influencing the effect of engagement on the reaction force. 

This research paper sheds light on the effect of engagement on the reaction force 

using complex mechanisms and high-precision analytical programs. This study 

looks at the effect of the helix point on the response power and gear shaft of helical 

pinion wheels. It finds that an ideal point of 30 degrees limits pressure influence, 

while a diminished point of 5 degrees brings about the biggest relocation and the 

most minimal rate of error. The concentrate additionally analyses the power applied 

on the shaft and its fleeting advancement, giving experiences into the unique 

pressure of fast helical pinion wheels. 

2. Methodology 

2.1.  Geometry design 

Helical gears were designed using the COMSOL simulation program, as it contains 

data base for all gears and mechanical parts that can be used, and their parameters 

changed in detail to obtain an integrated simulation with the program. In this regard, 

two mesh gears with the same dimensions and a different gear ratio, i.e., the number 

of teeth of the gear, were considered, as in Fig. 1. The dimensions and design 

parameters of the simulated gears are listed in Table 1, which shows the parameters 

of the helical gear. 

 

Fig. 1. Helical gear layout adopted in the simulation. 
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Table 1. The parameters of the helical gear. 

Design parameter Value 

Number of teeth, n 30 

Pitch diameter, dp 0.1 m 

Pressure angle, alpha, α 25  degree 

Helix angle, beta, β -30 degree 

Addendum to module ratio 0.85 

Tooth height to addendum ratio 2.1 

Backlash to pitch diameter ratio 0.001 

Tip fillet radius to pitch diameter ratio (Set to 0 for no fillet 0.01 m 

Root fillet radius to pitch diameter ratio (Set 0 for no fillet) 0.01 m 

Hole diameter to pitch diameter ratio (Set 0 for no hole) 0.2 m 

Gear width to pitch diameter ratio 0.2 

Ring width to gear width ratio (Set 0 for no ring) 0.2 m 

Ring outer diameter to root diameter ratio 0.8 

Ring inner diameter to hole diameter ratio 1.5 

Shaft length to pitch diameter ratio (Set 0 for no shaft) 0.0 m 

Relative axial position of shaft center 0.0 m 

Gear centre, x-coordinate 0.1 m 

Gear centre, y-coordinate 0.0 m 

Gear centre, z-coordinate 0.0 m 

Gear axis, x-component 0.0 m 

Gear axis, y-component 0.1 m 

Gear axis, z-component 0 m 

Gear center, x-coordinate 9 degrees 

In this table: 

Pitch diameter: The diameter of the imaginary pitch circle around which the gear 

teeth are designed.  

Pressure angle: The angle between the tooth profile and a radial line at the point 

of contact.  

Helix angle: The angle formed between the tooth helix and the gear axis.  

Addendum to module ratio: Ratio of the addendum (height of the tooth above the 

pitch circle) to the module (a measure of tooth size).  

Tooth height to addendum ratio: Ratio of the tooth height to the addendum.  

Backlash to pitch diameter ratio: Ratio of the backlash (play between mating 

teeth) to the pitch diameter.  

Tip fillet radius to pitch diameter ratio: Ratio of the tip fillet radius (rounded 

portion at the end of the tooth) to the pitch diameter.  

Root fillet radius to pitch diameter ratio: Ratio of the root fillet radius (rounded 

portion at the bottom of the tooth) to the pitch diameter.  

Hole diameter to pitch diameter ratio: Ratio of the hole diameter (if present) to 

the pitch diameter.  

Gear width to pitch diameter ratio: Ratio of the gear width (thickness) to the 

pitch diameter.  

Ring width to gear width ratio: Ratio of the width of a ring gear (if present) to 

the gear width.  
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Ring outer diameter to root diameter ratio: Ratio of the outer diameter of the 

gear ring to the root diameter of the gear.  

Ring inner diameter to hole diameter ratio: Ratio of the inner diameter of a ring 

gear (if present) to the hole diameter.  

Shaft length to pitch diameter ratio: Ratio of the shaft length (if present) to the 

pitch diameter. Relative axial position of shaft centre: Position of the shaft center 

relative to the gear.  

Gear centre coordinates (x, y, z): The location of the gear centre in a three-

dimensional Cartesian coordinate system.  

Gear axis components (x, y, z): Components of the gear axis direction in a three-

dimensional Cartesian coordinate system. 

2.2. Mesh generation and mesh independency check 

Verifying the mesh correctness is an essential step after finishing the model design 

and mesh generation. The mesh independence check is accomplished by decreasing 

the element's size and presenting the outcomes until a satisfactory convergence in 

the outcome variable, a term known as mesh reliability, is attained in Table 2. 

Table 2. Mesh independence criteria. 

Mesh case 
No. of  

Elements 

Reaction force on  

the z-axis (N) 

Prediction difference 
|%| 

1 3967975 405.7 - 

2 6034565 399.1 1.65 

3 8365440 397.7 0.35 

4 10250732 397.5 0.05 

As seen in Fig. 2, the element count reached 10250732 at reaction force on the 

z-axis 397.5 N, which is adequate to replicate the scenario and provide outcomes 

that are quite similar to reality. 

 

Fig. 2. Gears meshing scheme. 

2.3. Governing equations 

The equation of motion for a rigid gear pair, specifically helical gears, involves the 

calculation of the contact force and the meshing stiffness. The equations are complex 

and depend on various parameters such as gear geometry, tooth profile, material 
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properties, and the applied loads [15]. The contact force between helical gears can be 

represented by Hertzian contact theory, which considers the gear pair as a pair of 

deformable bodies in contact. The contact force equation is often expressed as [16]: 

𝐹𝑐 = √
2𝐸∗

𝑅
⋅ 𝛿

2

2                  (1) 

where: 𝐹𝑐 is the contact force, 𝐸∗ is the equivalent of Young's modulus of the two 

contacting bodies, R is the span of ebb and flow at the contact point, and δ is the 

entrance (disfigurement) at the contact point. 

The lattice firmness addresses the solidness of the gear teeth as they are 

together. For helical cog wheels, this includes both hub and spiral parts. The cross-

section firmness condition can be complicated and is often communicated 

regarding the tooth solidness, gear calculation, and contact proportion [17, 18]. 

𝐾𝑚 =
4

3
⋅

𝐸′

1−𝜈2
⋅

ℎ

cos⁡ 𝛽
⋅
sin⁡ 𝛼

𝑚
                 (2) 

where Km is the cross-section firmness, E' is the same Youthful's modulus of the 

gear material, ν' is the Poisson's proportion of the gear material, h is the tooth level, 

β is the helix angle, α is the pressure angle, and m is the module. 

The condition for the cross-section firmness, Km of a gear pair is a basic part of 

dissecting the elements of gear systems. In a consistent firmness model, the cross-

section solidness stays steady all through the lattice cycle. For helical cogwheels, the 

lattice solidness incorporates both pivotal and spiral parts [18]. 

The cross-section firmness of a gear pair can be demonstrated with fluctuating 

solidness to represent changes in contact conditions during the lattice cycle. 

Because of helical pinion wheels, the lattice firmness normally incorporates both 

pivotal and spiral parts. A newer model considers varieties in the gear system 

solidness because of variables like tooth contact varieties, tooth profile changes, 

and surface abnormalities. Equation (3) represents a generalised expression for 

varying mesh stiffness [19]: 

𝐾𝑚(𝜃) =
4

3
⋅

𝐸′

1−𝜈′2
⋅

ℎ

cos⁡ 𝛽
⋅
sin⁡ 𝛼

𝑚
⋅ 𝐹(𝜃)                     (3) 

Where Km (θ) is the shifting lattice solidness as a component of the rakish position 

θ inside the cross-section cycle, and F(θ) is a capability depicting the firmness 

variety all through the cross-section cycle. 

The capability, F(θ), can be resolved in view of the states of the gear pair. It 

could incorporate factors, for example, tooth load appropriation, tooth contact 

proportion, and any changes applied to the tooth profile. The assurance of the 

capability frequently includes more definite investigations, like limited component 

examination (FEA) or high-level recreation procedures. Also, trial estimations 

might be utilised to approve and change the model for explicit gear setups and 

working circumstances [20]. 

The transmission error in a gear pair alludes to the distinction between the real 

precise speed of one gear and the ideal rakish speed that would exist, assuming the 

cogwheels were great. It is an essential boundary in gear elements and influences 

factors like commotion, vibration, and gear exactness. For helical pinion wheels, 

the transmission error is impacted by the helix point and other gear boundaries [21]. 

The transmission error (TE) could be communicated as: 
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𝑇𝐸 = 𝜃act − 𝜃ideal                     (4) 

where, 𝜃act  is the actual angular displacement of the gear and 𝜃ideal  is the ideal 

angular displacement without any errors. 

For helical gears, the ideal angular displacement, 𝜃ideal can be calculated using 

Eq. (5) recommended by [15]: 

𝜃ideal =
2𝜋

𝑍1
−

2𝜋

𝑍2
                  (5) 

where, 𝑍1 is the number of teeth on the driving gear, and 𝑍2 is the number of teeth 

on the driven gear. 

Incorporating the helix angle, 𝛽 into the transmission error equation, the actual 

angular displacement θact could be modified as follows: 

𝜃act =
2𝜋

𝑍1
−

2𝜋

𝑍2
+ Δ𝜃helix                  (6) 

where, Δ𝜃helix  is the angular displacement due to the helix angle. 

The transmission error is a dynamic parameter that varies as the gears rotate 

through a meshing cycle. The actual calculation of the transmission error for helical 

gears can be complex. It may require numerical methods or simulation software, 

considering factors such as tooth profile modifications, tooth contact variations, 

and manufacturing tolerances [21]. These equations were taken through the 

simulation program itself, meaning that the simulation program solved all these 

equations on its own without introducing external equations to it. 

2.4. Boundary conditions 

The movement was added to the first gear, and its value is 100 rad/s to effectively 

move the first gear. As for the second gear, a torque was added and its value is 10 

N.m, where the number of gear teeth was changed. In the first gear, the number 20 

was kept, while the second gear was changed to three numbers, 20, 30 and 40 teeth. 

Accordingly, the gear ratio becomes 1.0, 1.5, and 2.0 times. 

3. Results and Discussion 

In this section, all the results obtained with the variables that occurred in the gear 

process between the helical gears will be reviewed. 

3.1. The effect of gear ratio on deformation 

The gear ratio is the ratio of teeth on the driven gear to the teeth on the driving gear 

in a pair of helical gears. It impacts the connection between the two pinion wheels' 

speed and force. While breaking down the disfigurement of a couple of helical 

cogwheels, a few factors should be thought of. These incorporate tooth deformity, 

contact pressure, bowing and shear stresses, helix point impact, material properties, 

dynamic impacts, and tooth profile changes. The dissemination of tooth loads 

impacts tooth deformation, while contact pressure influences the states of contact 

between the teeth. Higher gear proportions can bring about expanded contact 

stresses, which can influence the twisting way of behaving. Helix point impacts the 

complete distortion conduct, and material properties can likewise influence the cog 

wheels' absolute deformation. Engineers use methods like limited component 
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investigation (FEA) or top-of-the-line reenactment instruments to precisely survey 

the deformity conduct of the gear pair under different proportions, representing the 

gear calculation, material characteristics, and working circumstances. 

Figure 3 shows that the value of the distortion resulting from changing the gear 

ratio increases as the ratio increases, as it is noted that the distortion value reached 

0.12 m in gear ratio 2.0. In contrast, in gear ratio 1.5, the distortion value reached 

0.09 m, and in gear ratio 1.0, it reached a value deformation of 0.0045 m. The 

amount of deformation calculated through simulation programs does not only mean 

the amount of change in the shape of the gear because of the applied forces. It 

represents any movement of the element that was the result of rotational speed or 

through deformation. Therefore, the deformation percentage is large because it also 

measures the rotational movement of the gear. 

 

Fig. 3. Deformation contour of different gear ratios. Scales in meters. 
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3.2. The effect of gear ratio on reaction force 

The gear ratio plays a crucial role in determining the reaction forces in a pair of helical 

gears. There are three types of response forces: tangential, axial, and radial forces. 

Radial forces separate the gears and are directed perpendicular to the shaft, affecting 

the tooth profile and bearing loading. Hub powers, created by helical cogwheels, are 

impacted by the gear proportion, prompting expanded bearing stacking and 

influencing the gear system's steadiness. Extraneous powers move force among gears, 

and the proportion can increment force duplication and put more distracting weights 

on gear teeth. Contact stresses and burden circulation likewise influence the gear 

proportion, influencing the response powers experienced during activity. The gear 

ratio also impacts the dynamic effects of the gear system, such as resonance and 

vibrations, affecting the variability of response forces during operation. Engineers 

often use numerical techniques like finite element analysis (FEA) or simulation 

software to accurately assess the impact of gear ratio on reaction forces. 

Figure 4 presents the predicted force reaction (in N) in x, y, and z directions at 

various angular displacements (in degrees) for gear ratios of 1.0, 1.5, and 2.0. The 

value of the force reaction in gear ratio 1 on the z-axis reached 350 N at degrees 15 

and 32, which is the highest value compared to the rest of the axes. However, at gear 

ratio 1.5, the value of force reaction on the z-axis increased to 540 N at 15. A degree 

of movement and considered greater strength compared to the rest of the axes. In gear 

ratio 2.0 and the Z axis, it is noted that the value of the reaction forces reached 530 

N, but with large angular periods, as it continued from degree 32 to degree 38. Hence, 

it is evident that the largest reaction force is due to the gear ratio 2.0. 
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Fig. 4. Reaction force with gear angular displacement of different gear ratios. 

3.3. The effect of gear ratio on reaction moments 

The gear ratio, the ratio of teeth on the driven gear to the driving gear, impacts the 

reaction moments in helical gears. The torque transmitted between the gears causes 

the reaction moments, which produce moments or couples that act on the gears. The 

gear ratio affects the transmission of torque, tangential forces, axial forces, and the 

helix angle of the gears. Higher gear ratios produce greater reaction moments due to 

greater tangential forces. The overall reaction moment is influenced by the gear ratio, 

which also influences the direction and amplitude of these forces. The helix point 

presents a hub part of the power that adds to response minutes. Dynamic impacts can 

likewise influence the gear system resonances and vibrations. Engineering 

professionals use numerical techniques like finite element analysis (FEA) or 

simulation software to examine the precise impacts of gear ratio on response 

moments. To confirm simulation results and guarantee precise predictions, additional 

testing and measurements may be conducted in real-world settings. 

Figure 5 shows the predicted reaction moment values (in N.m) at various gear 

angular displacements in x, y, and z gear centres for gear ratios of 1.0, 1.5, and 2.0. 

The value of the reaction moment in gear ratio 1.0 on the z-axis reached 10 N.m at 

degrees 15 and 32, while in the z-axis, it reached -17 N.m, which is the highest value 

compared to the rest of the axes, as, in the z-axis, it remained 0 N.m. However, at the 

gear ratio of 1.5, the value of the torque reaction on the z-axis increased to 15 N.m, 

which is a degree of movement, while at the y-axis, it reached -27 N.m. It is also 

considered a greater torque compared to the rest of the axes. In gear ratio 2.0 and the 

Z-axis, it is noted that the value of the reaction torque reached 15 N.m, but with large 

angular periods, as it continued from degree 32 to degree 38. 
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Fig. 5. Reaction moments with gear rotation of different gear ratios. 

3.4. The effect of gear pair stiffness type on contact force 

The contact force between gear teeth is influenced by the stiffness of a gear pair, 

particularly the mesh stiffness. Constant stiffness allows for more predictable gear 

behaviour, while variable stiffness models consider variations in mesh stiffness 

during the meshing cycle. Tooth profile changes can affect the effectiveness of the 

gear teeth's stiffness, affecting the distribution of contact forces. Backlash, the 

space between mating gear teeth, can affect stiffness and contact force behaviour. 

Dental load distribution type can also impact the gear pair's stiffness properties. 

Dynamic influences like resonance and torsional vibrations can affect the effective 

rigidity of a gear pair. Material properties, such as Poisson's ratio and Young's 

modulus, can also affect the distribution of contact forces. Engineering 

professionals often use numerical techniques like finite element analysis (FEA) or 

simulation software to examine the precise impacts of gear pair stiffness on contact 

forces, considering the specific shape of the gears, material qualities, tooth profiles, 

and other parameters. 

Figure 6 shows the effect of the type of gear pair stiffness on contact force. It is 

noted that at the gear ratio of 1, the contact force value for the type of rigid stiffness 

was constant and did not change with the change in the degree of engagement, so 

it was at 255 N. As for the type of constant stiffness, the force value tried to reach 

the same value. The previous force, but with a variable control system or varying 

stiffness, was variable with the angle of engagement. It reached 440 N at angles 15 
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and 32, which is the highest engagement ratio among other types. As for the gear 

ratio of 1.5, the quality of constant stiffness was unable to reach the required forces 

with a greater number of revolutions, and in varying stiffness, it reached 680 N. In 

the case where the gear ratio was 2, the quality of constant stiffness was not able to 

reach the required forces with a greater number of revolutions. In varying stiffness, 

it reached 670 N, but with greater degree intervals from degree 32 to 38. 

 

 

 

Fig. 6. Effect of gear pair stiffness type on contact force  

at various angular displacements for different gear ratios. 
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3.5. Validation and comparison 

The perplexing math of helical involute cog wheels prompts the steady lattice of 

pinion tooth with wheel tooth. The length of the contact line changes during the 

tooth pair interaction. These make the computation of burden appropriation and 

stresses for helical involute cog wheels exceptionally intricate. For contact 

investigation of helical gear pair, the comprehension of the helical pinion wheels 

calculation is vital. Gear pair volumes were discretised (coincided) utilising straight 

limited component SOLID185. The contact examination is a complex nonlinear 

issue, and the utilisation of illustrative limited components (viz. SOLID95 and 

SOLID186) with mid-side hubs ought to expand the conceivable outcomes of union 

disappointment on account of adaptable contact. Through Table 3 and Fig. 7, it is 

evident that there is a large matching in the results obtained through the simulation 

program, which does not exceed 7% [10] compared with Patil et al. [10]. However, 

in all the compared cases, including spur gear, 5, 15, and 25 deg. Helical gears. 

Table 3. Validation with Patil et al. [10]. 

 

Friction 

(μ) 

Maximum Contact Stress, MPa 

Spur gear 

5 deg. 

Helical 

gear 

15 deg.  

Helical 

gear 

25 deg.  

Helical 

gear 

Patil et al. [10] 0 1240 1190 1090 1020 

Present work 0 1154 1097 1012 987 

% of difference 0 -7.45 -8.48 -7.7 -3.3 

 

Fig. 7. Sample contact stress distribution for  

spur pair (a) Patil et al. [10], (b) Present work. 
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4. Conclusions 

Helical gears studies mostly concentrated on analytical solutions and analysis, 

neglecting the impact of  the reaction force. This study report examines the impact 

of involvement on the reaction force through the utilisation of intricate processes 

and sophisticated analytical tools. Thus, the conclusions are as follows:  

• The distortion value has a positive correlation with the gear ratio, peaking at 

0.12 m for a gear ratio of 2.0, 0.09 m for a gear ratio of 1.5, and 0.0045 m for 

a gear ratio of 1.0, with the maximum value occurring at a gear ratio of 1.0. 

• The maximum force reaction on the z-axis occurs at angles 15 and 32 degrees, 

with a magnitude of 350 N. At a gear ratio of 1.5, the force increases to 540 N at 

15 degrees, showing a higher level of strength. At gear ratio 2.0 and along the Z-

axis, the reaction forces peak at 530 N throughout extended angular periods, 

suggesting that the highest response force is attributed to gear ratio 2.0. 

• The torque reaction along the z-axis at gear ratio 1.0 was 10 N.m at 15 and 32 

degrees and -17 N.m at the z-axis. With a gear ratio of 1.5, the torque at the z-

axis increased to 15 N.m, and at the y-axis, it decreased to -27 N.m., suggesting 

a significant increase in movement. At gear ratio 2.0, the reaction torque in z-

axis reached a high magnitude of 15 N.m. 

• The gear ratio has an impact on the contact force of a gear pair's stiffness. 

When the gear ratio is 1.0, the contact force between the rigid components 

remains consistently at 255 N. When the gear ratio is 1.5, the constant stiffness 

fails to generate the necessary forces even with a higher number of revolutions, 

reaching a maximum of 680 N. At a gear ratio of 2.0, the constant stiffness 

quality increases to 670 N, albeit with larger degree intervals. 

 

Nomenclatures 
 

dp Pitch diameter, m 

E The equivalent of Young's modulus 

Fc The contact force, N 

h The tooth level 

Km The cross-section firmness 

m The module 

n Number of teeth 

R The span of the contact point 

TE The transmission error 

v The Poisson's proportion 

Z Number of teeth 
 

Greek Symbols 

 Pressure angle, deg. 

 Helix angle, deg. 

helix The angular displacement due to the helix angle, rad. 

δ The entrance 

act The actual angular displacement of the gear, rad. 

ideal The ideal angular displacement without any errors, rad. 
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