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Abstract. Bevel gears are essential components in mechanical systems that require precise
motion transmission and load distribution. However, under heavy loads, these gears can suffer
from deformations and localized contact pressures that negatively affect their performance and
longevity. This paper investigates the effect of crowning modifications on bevel gear teeth,
particularly in relation to profile and flank adjustments, as well as changes in the spiral, pressure,
and torsion angles. By examining these modifications, the study aims to improve the contact
distribution, reduce localized stresses, and enhance the overall performance of bevel gears under
load.

AHHOTaI[I/Iﬂ. Konnueckue 3y6anLIe KoOJIeCa MABJIAAIOTCA BaXHbBIMHM KOMIIOHCHTaMU B
MCXaHHUYCCKUX CHUCTCMAX, KOTOPLIC Tpe6y10T TOYHOH nepcaauu IABHIXXCHHA W paCHpCACIICHUA
Harpys3KHu. OI[HaKO oA TAKEJIIBIMU HAI'PY3KaAMU 5TH KOJICCA MOTYT IMOABEPTaThCA ,I[e(l)opMaHI/I}IM n
JIOKQJIM30BAHHBIM KOHTAKTHBIM JAaBJICHUSAM, YTO HETATHUBHO BJHACT Ha HUX OKCILTyaTallUOHHBLIC
XAPAKTCPUCTUKN W JOJITOBEYHOCTD. B JIaHHOfI CTaTbC HCCIICAYCTCA BJIUAHUC MOI[I/I(i)I/IKaIII/Iﬁ
HpO(l)I/IJ'ISI n (1)J'IaHII€B Ha 3Y6BH KOHHNYECKHUX KOJIEC, a TAKKC UBMCHCHU YIJIOB CIIMPAJIN, JaBJICHUA
u KpyuyeHus. M3yuuB 3t Moaudukanuu, paboTa HalpaBjieHa Ha YJIy4IICHHUE pacIlpeiereHUs
KOHTAaKTa, YMEHbIIIEHUE JIOKAJIM30BaHHBIX HANPsDKEHUN U MOBbIIIeHHE 001el 3(dexTuBHOCTH
pa6OTLI KOHHNYCCKUX KOJIEC ITPU HAI'PY3KE.
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KiawueBble ciaoBa. Moaudukauus npoduis, KOHHMYECKME 3yOuarble KoJjeca,
Moaudukanus (QIaHieB, yroja CHUpad, YroJl JaBJICHHS, yrod KpPy4eHHs, pachpeneiieHue
Harpys3Ku, KOHTaAKTHBIC TaBJICHUA.

Introduction. Bevel gears are widely used in mechanical systems for transferring
rotational motion between intersecting shafts. However, bevel gears often face challenges related
to load-induced deformations, which can lead to premature wear and efficiency loss. To mitigate
these issues, engineers apply various corrective modifications to the gear teeth, such as crowning,
to optimize their performance.

Crowning is a crucial modification that adjusts the tooth profile or flank to compensate for
load-induced deformations and to control contact pressures between the pinion and the crown.
Additionally, modifying the spiral, pressure, and torsion angles of the teeth plays a significant role
in the effective distribution of forces and ensuring proper engagement. This paper explores the
impact of these modifications on the geometry and performance of bevel gears.
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Materials and Methods. The study utilizes theoretical models and computational
simulations to evaluate the impact of crowning and angle modifications on bevel gear
performance. The modifications considered in this study include:

. Profile Crowning: Modification of the tooth profile to compensate for
deformations caused by load.

. Flank Crowning: Adjustment of the tooth flank to localize the contact area and
reduce edge contact.

. Spiral Angle Modification: Adjustment of the spiral angle to optimize the
engagement and distribution of forces.

. Pressure Angle Modification: Modification of the pressure angle to ensure smooth
contact and load distribution.

. Torsion Angle Modification: Adjustments to the torsion angle to enhance gear
stiffness under load.

These modifications are implemented through theoretical calculations and finite element

analysis (FEA) to model the effects of load and deformation on the gears.

Results. Crowning Modifications. Crowning modifications play a critical role in reducing
localized contact pressures and improving the load distribution between the pinion and the crown.
The profile crowning compensates for the flexing of the teeth under load by adjusting the
theoretical tooth profile. As shown in Figure 1 a, b, the profile crowning focuses on concentrating
the contact area at the center of the teeth, minimizing premature wear at the tip of the pinion tooth.

Figure 1. Profile modification

Similarly, flank crowning ensures that the contact area remains concentrated in the central
region of the tooth, avoiding excessive stress at the tip or heel. The modifications also prevent
edge contact, which can lead to wear and efficiency loss. Figure 1b illustrates the changes in tooth
flank geometry due to flank crowning.
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Spiral, Pressure, and Torsion Angle Modifications. The study also considers
modifications to the spiral, pressure, and torsion angles. These angles significantly affect the
meshing behavior and load distribution between bevel gears. The spiral angle modification, as

shown in Figure 2, optimizes the gear’s engagement and ensures smooth force transmission.
By adjusting the spiral angle, the forces are distributed more evenly, reducing localized pressure
points that could otherwise lead to gear failure.

Figure 2. Changes in the pressure and spiral angles

Similarly, modifying the pressure angle helps distribute the forces more effectively along
the tooth profile. This modification reduces the risk of high localized contact pressures and
minimizes wear. The torsion angle modification, although less commonly applied, provides
additional stiffness to the gear teeth, preventing excessive deformation under heavy loads.

Discussion. The results of this study highlight the importance of crowning and angle
modifications in improving the performance of bevel gears. Profile crowning compensates
for tooth flexing and helps maintain consistent contact during operation. Flank crowning
ensures that the central region of the tooth carries the load, reducing the risk of edge contact
and wear.

Modifications to the spiral, pressure, and torsion angles also contribute to improved load
distribution and smoother engagement of the gear teeth. These changes prevent localized contact
stresses and help extend the service life of bevel gears. However, it is crucial to strike a balance
between the extent of the modifications and the potential for increased curvature at the tooth flanks,
which could lead to higher contact pressures if overdone.
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Conclusion. In conclusion, crowning modifications and adjustments to the spiral, pressure,
and torsion angles of bevel gear teeth are essential for optimizing their performance under load.
By carefully implementing these modifications, engineers can improve load distribution, reduce
localized contact pressures, and enhance the overall durability and efficiency of bevel gears. Future
research should focus on experimental validation of these modifications and further optimization
techniques to ensure the reliability of bevel gears in high-load applications.
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