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1. Thermo-mechanical modeling of 20Cr2Ni4A gear in micro-shot peening

Lv, Liangliang (1, 2); Zhao, Jiuyue (3); Li, Xin (1, 2); Chen, Jiling (1, 2); Tang, Jinyuan (1, 2); Shao, Wen (1, 2)

Source: Journal of Manufacturing Processes, v 169, p 297-315, July 15, 2026; ISSN: 15266125; DOI: 10.1016/j.jmapro.2026.04.070;
Publisher: Elsevier Ltd

Author affiliation: (1) State Key Laboratory of Precision Manufacturing for Extreme Service Performance, Central South
University, Hunan, Changsha; 410083, China (2) College of Mechanical and Electrical Engineering, Central South University,
Hunan, Changsha; 410083, China (3) State Key Laboratory of Mechanical System and Vibration, School of Mechanical
Engineering, Shanghai Jiao Tong University, Shanghai; 200240, China

Abstract: Thermal effects induced by high speed particle impacts have been conventionally neglected in shot peening.
While this simplification may be acceptable for conventional shot peening processes, the extremely high velocities in micro-
shot peening make thermal effects non-negligible, as their omission introduces significant uncertainties in residual stress
and surface topography predictions. In order to tackle this key challenge, this paper presents the first development of an
innovative thermo-mechanical coupled finite element modeling approach to capture the thermal effects and their influence
on residual stress and surface roughness in micro-shot peening of gears. It uncovers the existence of two thermal effect
mechanisms in micro-shot peening, namely, plastic deformation induced heating and frictional heating. Furthermore,
quantitative estimation of the heat generation contributions revealed that plastic deformation heating dominates the
thermal effects, accounting for over 80% of the total heat generation. Neglecting thermal effects in micro-shot peening will
reduce the prediction accuracy of surface roughness parameters Sa and Sq by 5.65% and 7.25%, respectively. Additionally,

it will increase the prediction error of residual stress along the tooth width direction by 10.00%. This inaccuracy originates
from the unconsidered temperature-dependent material softening effect. Crucially, the strain rate sensitivity of plastic
heating becomes particularly significant in micro-shot peening, fundamentally distinguishing it from conventional shot
peening where thermal effects can be safely ignored. This work establishes essential theoretical foundations for advanced
gear surface enhancement technologies and fills a critical knowledge gap in micro-shot peening simulation methodologies.
(© 2026 The Society of Manufacturing Engineers. Published by Elsevier Ltd. All rights are reserved, including those for text and
data mining, Al training, and similar technologies. (86 refs)
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2. Ultrasonic shot peening-induced gradient nanostructures in tempered AISI 9310 gear steel:
Microstructural evolution and enhanced wear performance (Open Access)
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DOI: 10.1016/j.jmrt.2026.01.184; Publisher: Elsevier Editora Ltda

Author affiliation: (1) Hubei Longzhong Laboratory, Xiangyang; 441000, China (2) State Key Laboratory of Light Superalloys,
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Technology, Wuhan; 430070, China (4) School of Automotive Engineering, Wuhan University of Technology, Wuhan; 430070,
China (5) AECC Zhongchuan Transmission Machinery Co.,Ltd., Changsha; 410219, China (6) Shanghai Aerospace Equipments
Manufacturer, Shanghai; 200245, China (7) State Key Laboratory of Advanced Technology for Materials Synthesis and
Processing, Wuhan University of Technology, Wuhan; 430070, China (8) School of Industrial Engineering, Purdue University,
West Lafayette; IN; 47906, United States (9) School of Materials Engineering, Purdue University, West Lafayette; IN; 47906,
United States

Abstract: Ultrasonic shot peening (USP), a surface severe plastic deformation (SPD) technique, provides an effective route to
improve the mechanical and tribological performance of high-strength gear steels. In this work, gradient nanostructured
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(GNS) layers exceeding 200 um in thickness were fabricated on tempered AISI 9310 steel via USP. The original ferritic—
martensitic lath structure (average width #6.71 um) was progressively refined under high strain rates, forming a hierarchical
gradient from coarse laths to subgrains and ultimately to equiaxed nanograins near the surface. This transformation was
driven by dislocation accumulation, subgrain formation, and the evolution of high-angle grain boundaries (HAGBs), with
HAGBs comprising up to 71.8 % near the top surface. As a result, surface microhardness increased to 579.8 HV, with an
effective hardened depth of #960 pm. Pin-on-disk tests revealed a 26.9 % reduction in wear width and a 54.1 % decrease

in wear rate relative to untreated steel. The improved wear resistance is attributed to the stable gradient nanostructure,
which enhances strain accommodation and mechanical stability under sliding contact. These findings provide mechanistic
insight into ferrite-dominated nanocrystallization induced by USP and offer guidance for surface gradient design in high-
performance aerospace gear steels. Copyright © 2026. Published by Elsevier B.V. (62 refs)
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3. Experimental study on the bending fatigue characteristics of shot peening gears (Open Access)
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Physics
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Abstract: This paper investigates the influence of shot peening on the bending fatigue characteristics of 20MnCrs carburized
involute cylindrical spur gears, which are widely used in vehicle transmission systems. Surface integrity is analyzed for gears
with and without the shot peening process to illustrate the effect of shot peening. A bending fatigue test is carried out for
both two kinds of gears, and the differences in crack failure characteristics in the source area are analyzed using a scanning
electron microscope (SEM). It is found that shot peening can greatly improve gear surface integrity, although it harms surface
waviness. Shot peening can effectively increase gear bending strength and restrain the crack initiation from the gear surface.
© Published under licence by IOP Publishing Ltd. (15 refs)
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Abstract: Aiming at the problems of surface wear and fatigue failure of spiral bevel gears of heavy-duty axles, a new surface
strengthening technology of induction heating composite shot peening (IHCSP) is proposed. This article designs an IHCSP
test scheme to achieve surface composite strengthening of spiral bevel gears. The wear performance and fatigue strength of
the gears were analyzed by using the gear fatigue transmission test bench, and the residual stress, microhardness, surface
topography, and microstructure of the gears’ surface were measured. The results show that IHCSP increases the maximum
compressive residual stress of the gear surface to - 1082.79 MPq, the corresponding layer depth is 87 um, the gear surface
microhardness is 782.7 HV, and the hardened layer depth is increased by 43%. Meanwhile, the wear resistance of spiral bevel
gears is improved, the gear surface wear error is reduced by 30.5%, and the fatigue life is increased by 31.4%, which proves
the effectiveness of IHCSP in improving the fatigue strength of spiral bevel gears. © The Minerals, Metals & Materials Society
2024. (43 refs)
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5. Effect of composite micro-shot peening on contact fatigue life of 20MnCrSs helical gears (Open Access)
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Source: Results in Engineering, v 29, March 2026; E-ISSN: 25901230; DOI: 10.1016/].rineng.2025.108930; Article number: 108930;
Publisher: Elsevier B.V.

Author affiliation: (1) Tianjin Key Laboratory of Power Transmission and Safety Technology for New Energy Vehicles, School
of Mechanical Engineering, Hebei University of Technology, Tianjin, 300130, China (2) School of Mechanical Engineering,
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Abstract: Fatigue damage represents the predominant failure mode in automotive transmission gears. Investigating the
effect of composite micro-shot peening (CMSP) on the contact fatigue life of the transmission helical gears holds significant
practical engineering value for enhancing gear performance. In this paper, a simulation model for the fatigue life of

CMSP helical gears was established to investigate the influence of CMSP. Tests were conducted to evaluate the running-in
performance and contact fatigue life of CMSP gears. The strengthening mechanism was analyzed through residual stress
distribution and surface microhardness. Furthermore, the influence mechanism of CMSP on tooth surface wear and contact
fatigue failure was further explored. Research demonstrated that the fatigue life of CMSP gears was increased by 246%
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compared to unpeened (UP) gears. The maximum residual compressive stress and surface microhardness reached 1260 MPa
and 737 HV, representing increases of 104% and 12%, respectively, compared to the UP gears. Additionally, the gradient
strengthening layer formed by CMSP at depths of o to 8o um improved the gear meshing quality while synergistically
suppressed surface wear and fatigue pitting. This research provides theoretical guidance and process optimization directions
for the surface strengthening design of high-reliability gears. © 2025 The Author(s). (47 refs)
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19, Aachen; 52074, Germany (3) Fraunhofer Institute for Production Technology (IPT), Steinbachstr. 17, Aachen; 52074, Germany
Abstract: Gear systems operate under high mechanical and tribological loads, making their surfaces vulnerable to wear and
fatigue. Improving surface durability requires finishing processes that improve near-surface properties and extend service
life. Since machine hammer peening (MHP) offers such potential, this study investigates its influence on the performance of
case-hardened spur gears and evaluates its suitability as an alternative to shot peening as a conventional finishing method.
Analog specimens with simplified geometries were treated using various MHP parameters to identify effective process
settings. These optimized settings were then applied to real spur gears to assess performance under practical conditions.
The experiments showed that MHP can significantly modify surface integrity, achieving surface roughness reductions of

up to 55%, surface hardness increases of up to 30%, and compressive residual stresses exceeding -1400 MPa with stability
to depths of 200 pym. These modifications resulted in improved wear and fatigue performance, with increases in load cycle
number in the tooth flank up to 99% and an increase in load amplitude in the tooth root of more than 5%. For comparison,
specimens were also treated with shot peening. Although MHP induced stronger surface integrity modifications, shot
peening achieved higher overall load-carrying capacity because several critical areas could not be fully accessed by MHP,
limiting its effectiveness. Overall, MHP shows promise as a finishing process, but its full potential depends on overcoming
accessibility limitations in complex gear geometries. (© 2026 by the authors. (40 refs)
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7. The effect of gear module on bending fatigue failure location in carburized and shot-peened spur
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Source: International Journal of Fatigue, v 196, July 2025; ISSN: 01421123; DOI: 10.1016/].ijfatigue.2025.108901; Article number:
108901, Publisher: Elsevier Ltd
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Abstract: Shot-peening is an emerging method used to improve the bending fatigue resistance of carburized gears. However,
even though this method improves the bending fatigue resistance at the surface, bending fatigue crack initiation often
shifts below the surface, making it harder to detect during regular service intervals. In this paper, an experimentally
validated computational model based on the finite element analysis and the multilayer method is used to investigate the
effect of gear geometry, specifically its module, on the probability of subsurface bending fatigue failure. The main goal

is to reduce the chance of subsurface bending fatigue failure while retaining the beneficial effects of shot-peening. Four
optimal gear modules are chosen for the investigation with respect to bending fatigue while maintaining constant fatigue
properties and residual stress profiles. The results demonstrate that choosing a lower module decreases the probability of
subsurface bending fatigue crack initiation in carburized and shot-peened gears. Lastly, it is also suggested that optimizing
carburization parameters may enhance the beneficial compressive residual stresses below the surface, lowering the
probability of subsurface bending fatigue crack initiation. © 2025 Elsevier Ltd (35 refs)

Main heading: Fatigue crack

Controlled terms: Fatigue crack propagation - Shot peening - Spur gears

Uncontrolled terms: Bending fatigue - Bending fatigue resistances - Carburized gears - Failure locations - Fatigue crack
initiation - Fatigue failures - Finite element analyse - Gear modules - Shot-peening - Subsurface failure

Classification Code: 201.9 Metals Corrosion and Protection; Metal Plating - 208 Coatings, Surfaces, Finishes, Films and
Deposition - 214.1.2 Fatigue, Cracks and Fracture - 601.2 Machine Components

Database: Compendex

Data Provider: Engineering Village

Compilation and indexing terms, Copyright 2026 Elsevier Inc.
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Source: American Gear Manufacturers Association Fall Technical Meeting, FTM 2025 - Held at the Motion + Power Technology
Expo 2025, p 427-438, 2025, American Gear Manufacturers Association Fall Technical Meeting, FTM 2025 - Held at the Motion +
Power Technology Expo 2025; ISBN-13: 9781643532035; Conference: American Gear Manufacturers Association Fall Technical
Meeting, FTM 2025, October 22, 2025 - October 24, 2025; Publisher: AGMA American Gear Manufacturers Association
Author affiliation: (1) Aeronautics Institute of Technology, Brazil (2) AGCO Corporation, United States

Abstract: Increasing the load capacity of agricultural transmissions presents the challenge of enhancing fatigue resistance
while maintaining or reducing the size of rotating components. In this context, processes that define the surface integrity
properties have been considered as a possibility for optimizing gear flanks. This study addressed the combined effect of
gear flank optimization on the residual stress state and topography. Case hardened gears were submitted to a shot peening
process to induce compressive residual stress, followed by an isotropic superfinishing process to homogenize the peaks
and valleys of the gear's contact surface. Among the groups evaluated, the shot peening (SP), isotropic superfinishing (IS)
processes, and the combined effect of both (SP+IS) were examined. Roughness, profile deviation, residual stress, hardness,
and microstructure tests were conducted to assess the surface. These evaluations were used to classify the heterogeneity
of the surface integrity achieved by the different manufacturing processes. It was found that the SP+IS samples exhibited
more compressive residual stresses and lower roughness, along with a reduction in intergranular surface oxidation. The
surface also showed a slight variation in its manufacturing quality class, changing from a status of DIN class 7-8 to a class
range of 8-9. By evaluating the residual stress states of different manufacturing routes, it was observed that the IS process
preserved the heterogeneity of residual stresses previously established by the SP process. Copyright © (2025) by American
Gear Manufacturers Association. All rights reserved. (28 refs)
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ISBN-13: 9783902734471; DOI: 10.2507/36th.daaam.proceedings.oo3; Conference: 36th International DAAAM Symposium
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International Vienna

Abstract: Power skiving represents a modern and highly efficient method of gear manufacturing, which in recent years has
become an attractive alternative to traditional technologies such as hobbing and broaching. The principle of power skiving is
based on the precise angular positioning of the tool and the simultaneous rotation of the workpiece, which makes it possible
to achieve high productivity and accuracy. Its implementation on multifunctional CNC lathes enables the combination of
turning and milling operations in a single setup, significantly reducing the need for subsequent technological steps in the
overall production time. The article focuses on the analysis of the power skiving principle, describing its geometrical and
technological aspects, the requirements for CNC lathes, and the specifics of using suitable tools. (© 2025 Danube Adria
Association for Automation and Manufacturing, DAAAM. All rights reserved. (20 refs)
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10. Mathematical modeling and implementation of power-skiving for ZI-type worm machining

Tsai, Chung-Yu (1); Liang, Chang-Jing (1)

Source: Journal of Manufacturing Processes, v 136, p 43-55, February 28, 2025; ISSN: 15266125; DOI: 10.1016/
j.jmapro.2025.01.059; Publisher: Elsevier Ltd

Author affiliation: (1) Department of Mechanical Engineering, National Chung Cheng University, No.168, Sec. 1, University Rd.,
Chiayi, Minhsiung; 62102, Taiwan

Abstract: This study presents an approach for machining ZI-type worms base on the concept of power-skiving method used
to machine cylindrical gears. The proposed method can efficiently manufacture multi-thread ZI-type worms in a single
cutting process, without the need for multiple back-and-forth cutting. The tool design process and mathematical modeling
of the power-skiving operation are presented and discussed. A comprehensive analysis of the working clearance angles

and linear cutting speeds at each point on the cutting edge during the power-skiving process is also presented. Machining

a ZI-type worm on a multitasking turning center (Tongtai TD-2000YBC) substantiates the effectiveness of the proposed
methodology. The results validate that the proposed methodology offers a straightforward, yet efficient and accurate
technique performing the power-skiving operation to manufacture worm on a standard multi-axis CNC turning-milling
machining center. © 2025 (40 refs)
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11. The Modularized Development of a Wheel-Side Electric Drive System Using the Process of Hobbing
and Form Grinding (Open Access)

Ding, Xiaoyu (1, 2); Wang, Wei (3); Chen, Xinbo (2)

Source: Applied Sciences (Switzerland), v 15, n 3, February 2025; E-ISSN: 20763417; DOI: 10.3390/app15031483; Article number:
1483; Publisher: Multidisciplinary Digital Publishing Institute (MDPI)

Author affiliation: (1) R&D Innovation Headquarters, SAIC Motor, Shanghai; 201804, China (2) School of Automotives Studies,
Tongji University, Shanghai; 201804, China (3) Department of Mechanical Systems Engineering, Tokyo University of Agriculture
and Technology, Tokyo; 184-8588, Japan

Abstract: The wheel-side electric drive system is a melding of a vehicle powertrain and suspension system, which saves
chassis space and can adapt to different models. To achieve the goal of highly modularized development, the system is
supposed to meet the requirements of various working conditions without changing the interface state. The electric motor
drives the wheel through two-stage fixed axis helical gears, so the transmission is short in path and acts as the suspension
arm at the same time. As a result, the gears are critical to output robustness and NVH performance. The modeling accuracy
is decisive for simulations and tests, so it is necessary to build a precise geometric model instead of the data-fitting
estimation. The gears are manufactured by a hobbing and form grinding process, which is described functionally along

with the relationship between the tooling parameters and tooth profile curves. Based on the rain flow methodology and
extrapolation theory, a comprehensive load spectrum with nine stages is formulated, which can cover the working conditions
of a basic version, a NVH version, and a durability version. According to the Miner cumulative damage hypothesis, the
equivalent durability mileage of 150,000 km is converted. The prototype machine is simulated and verified on the test bench,
and the test results show that the wheel-side electric drive system has a reliable output performance. The equivalent damage
of the comprehensive load spectrum is 63.27%, where the 2# stage driving gear is the most vulnerable component of the
whole system. The research in this paper can provide data support for damage calculation and lightweight optimization with
modularized development and applications in the future. © 2025 by the authors. (33 refs)
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12. A novel conical cutter design approach and skiving process for manufacturing multiple-thread
toroidal involute worms

Luu, Trong-Thuan (1); Wu, Yu-Ren (2)

Source: International Journal of Advanced Manufacturing Technology, v 143, n 9-10, p 5443-5463, April 2026; ISSN: 02683768, E-
ISSN: 14333015; DOI: 10.1007/5S00170-026-17728-7; Publisher: Springer Science and Business Media Deutschland GmbH
Author affiliation: (1) School of Mechanical Engineering, Hanoi University of Science and Technology, o1 Dai Co Viet Rd,
Hanoi, Viet Nam (2) Department of Mechanical Engineering, National Central University, 300, Zhongda Rd., Zhongli District,
Taoyuan; 320317, Taiwan

Abstract: The toroidal involute worm (TI worm) drive, consisting of an hourglass worm and an involute helical gear, is a
critical component in heavy-duty power transmission. Existing manufacturing methods for TI worms rely primarily on
conventional turning and milling processes, which result in low processing efficiency. Therefore, this study proposes a cutter
design method and a skiving process using a conical cutter to enhance machining efficiency while maintaining necessary
accuracy. First, the TI worm surface is determined as the enveloping surface of the worm gear. The cutting edge of the
skiving cutter is then proposed as the intersecting curve between the rake plane and the barrel gear, where the barrel gear
correctly meshes with the TI worm. By employing an iterative process, the generating rack model and the conical cutter
flank are concurrently derived from the proposed cutting edge. Finally, a skiving model is formulated by synchronizing the
enveloping and circular feed motions within a gear-hobbing CNC machine architecture to simulate the machining process
and numerically assess geometry accuracy. The results demonstrate the effectiveness and practicality of the proposed
approach. © The Author(s), under exclusive licence to Springer-Verlag London Ltd., part of Springer Nature 2026. (34 refs)
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13. A robust approach to enhance adaptability of skiving cutter in manufacturing gear injection molds
with variable shrinkage rates

Luu, Trong-Thuan (1); Le, Van-Tuan (1)

Source: International Journal of Advanced Manufacturing Technology, v 142, n 3-4, p 1151-1168, January 2026; ISSN: 02683768, E-
ISSN: 14333015; DOI: 10.1007/500170-025-17083-5; Publisher: Springer Science and Business Media Deutschland GmbH

Author affiliation: (1) School of Mechanical Engineering, Hanoi University of Science and Technology, o1 Dai Co Viet Rd, Hanoi
City, Viet Nam

Abstract: Gear mold is typically manufactured through an EDM process employing a gear electrode core. In addition, the
gear electrode is commonly machined using a milling or hobbing process. Nevertheless, the milling process generates only a
single tooth groove in one machining cycle. Additionally, the hob cutter geometry is redesigned when changing the plastic’s
shrinkage rate. Therefore, this study introduces a robust approach to applying the skiving process, focusing on cutter
reutilization in manufacturing gear electrodes with different shrinkage rates. First, the cutting edge of the skiving cutter is
located on the imaginary gear, where the imaginary gear correctly meshes with the basic rack of the gear electrode at a
predefined shrinkage rate. The generating rack of the cutter is generated by predicting and solving the meshing condition
with the cutting edge. Accordingly, the cutter body is produced by simulating the meshing kinematics with the generating
rack. Subsequently, the tool path is adjusted by adding the additional motions for the machining axes within the inner closed
loop to reuse the cutter with different shrinkage rates. The changing range of the shrinkage rate during cutter reutilization

is determined by applying the outer closed loop. The numerical examples verify the effectiveness and practicality of the
proposed method. © The Author(s), under exclusive licence to Springer-Verlag London Ltd., part of Springer Nature 202s. (52
refs)
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Zhengyang, Han (1); Chuang, Jiang (3, 2); Jing, Deng (1); Xiaozhong, Deng (1); Longlong, Geng (1)

Source: Journal of the Brazilian Society of Mechanical Sciences and Engineering, v 48, n 2, February 2026; ISSN: 16785878, E-
ISSN: 18063691; DOI: 10.1007/540430-025-06083-X; Article number: 110; Publisher: Springer Science and Business Media
Deutschland GmbH

Author dffiliation: (1) School of Mechatronics Engineering, Henan University of Science and Technology, 48 Xiyuan Rd,
Luoyang, China (2) Longmen Laboratory, 48 Xiyuan Rd, Luoyang, China

Abstract: Face gear transmission has the advantages of a compact structure, smooth transmission, and insensitivity to
installation errors. The method of machining face gears by power skiving is a recent innovation that has been introduced

in recent years. To solve the interference problem in the machining of face gear surfaces, This paper presents a cutting

angle control approach to predict cutting interference conditions. Initially, the principle of power skiving is studied, and

both a precise mathematical model of the power skiving cutter and a kinematics model of gear machining are established.
Subsequently, the formation of the rake angle and the clearance angle is analyzed. The changing trend of the cutting angle
is investigated. The problem of a negative clearance angle has been identified as prone to occurring during the machining of
face gears by power skiving, potentially causing interference with the tooth surface. By improving the geometric structure of
the power skiving cutter, the problem of side interference during gear machining is avoided. Ultimately, the accuracy of the
proposed method is validated through the application of simulation machining technology. This research results can provide
a tool design reference for processing face gears by power skiving technology. © The Author(s), under exclusive licence to
The Brazilian Society of Mechanical Sciences and Engineering 2025. (23 refs)
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15. Numerical and experimental study on surface topography of spur gear generated by double-roller
gear ultrasonic rolling

Shi, Zhengyu (1); Shao, Wen (1); Tang, Jinyuan (1); Shi, Yu (1); Lv, Liangliang (1); Chen, Jiling (1); Feng, Guoxi (1)

Source: Surface Topography: Metrology and Properties, v 13, n 1, March 31, 2025; E-ISSN: 2051672X; DOI: 10.1088/2051-672X/
adbsag; Article number: 015028; Publisher: Institute of Physics

Author affiliation: (1) State Key Laboratory of Precision Manufacturing for Extreme Service Performance, College of
Mechanical and Electrical Engineering, Central South University, Hunan, Changsha; 410083, China

Abstract: Compared with shot peening, the Double-roller Gear Ultrasonic Rolling (DGUR) process not only improves

gear fatigue properties but also effectively reduces surface roughness. However, there is a lack of surface topography
modeling methods for this process. Based on the Hertzian contact theory, this paper introduces a numerical model for

the DGUR process that incorporates initial residual stress and the surface topography of the sample gear. Subsequently,
DGUR experiments were conducted with four different processing parameters. The experimental and simulated results

are consistent for both gear surface topography and two-dimensional gear face profiles, and the relative errors of 3D
roughness parameters Sa and Sq were less than 5%, confirming the model’s validity. Based on this model, we investigated
the relationship between the DGUR process and the Sa, Sq parameters. The experimental outcomes indicated that the DGUR
treatment considerably improved the gear tooth surface roughness, decreasing Sa from an initial 0.497 um to 0.144 um and
Sq from 0.595 um to 0.203 um, thereby significantly improving gear tooth surface roughness. © 2025 IOP Publishing Ltd. All
rights, including for text and data mining, Al training, and similar technologies, are reserved. (54 refs)
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16. Multi-objective optimization of grinding process parameters for improving gear machining precision
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Source: Journal of Central South University, v 32, n 2, p 538-551, February 2025; ISSN: 20952899, E-ISSN: 22275223; DOI: 10.1007/
S11771-025-5877-7; Publisher: Central South University

Author affiliation: (1) School of Mechanical Engineering, Hefei University of Technology, Hefei; 230009, China (2) Anhui
Engineering Laboratory of Intelligent CNC Technology and Equipment, Hefei; 230009, China

Abstract: The gears of new energy vehicles are required to withstand higher rotational speeds and greater loads, which puts
forward higher precision essentials for gear manufacturing. However, machining process parameters can cause changes

in cutting force/heat, resulting in affecting gear machining precision. Therefore, this paper studies the effect of different
process parameters on gear machining precision. A multi-objective optimization model is established for the relationship
between process parameters and tooth surface deviations, tooth profile deviations, and tooth lead deviations through the
cutting speed, feed rate, and cutting depth of the worm wheel gear grinding machine. The response surface method (RSM)

is used for experimental design, and the corresponding experimental results and optimal process parameters are obtained.
Subsequently, gray relational analysis-principal component analysis (GRA-PCA), particle swarm optimization (PSO), and
genetic algorithm-particle swarm optimization (GA-PSO) methods are used to analyze the experimental results and obtain
different optimal process parameters. The results show that optimal process parameters obtained by the GRA-PCA, PSO,
and GA-PSO methods improve the gear machining precision. Moreover, the gear machining precision obtained by GA-PSO is
superior to other methods. © Central South University 202s. (39 refs)
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17. Hard Gear Skiving with High-Performance Tools - An Innovative Technology for Future Drivetrains

Hilligardt, Andreas (1); Leonhardt, Christoph (1); Zimmer, Maximilian (1)

Source: American Gear Manufacturers Association Fall Technical Meeting, FTM 2025 - Held at the Motion + Power Technology
Expo 2025, p 291-309, 2025, American Gear Manufacturers Association Fall Technical Meeting, FTM 2025 - Held at the Motion +
Power Technology Expo 2025; ISBN-13: 9781643532035; Conference: American Gear Manufacturers Association Fall Technical
Meeting, FTM 2025, October 22, 2025 - October 24, 2025; Publisher: AGMA American Gear Manufacturers Association

Author dffiliation: (1) Reishauer AG, Switzerland

Abstract: Due to the increasing demand for drivetrains with even higher power densities, high efficiency and low noise
emissions, new gearbox concepts with planetary gear sets are increasingly being developed. Internal gears with a high load
capacity and geometric accuracy in a thin-walled design are required for these concepts. These requirements can be met

in particular by hard fine machined, case- or induction-hardened gears. However, the high hardening distortions of thin-
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walled components create major challenges for hard fine machining, meaning that there is currently no economical hard
fine machining process available for internal gears. In the last 15 years, gear skiving has established itself as one of the most
important processes for the production of internal gears in green machining. However, attempts to use the process in hard
fine machining have failed due to the limited tool life that can be achieved with tungsten carbide tools and the resulting
quickly insufficient workpiece quality. This paper introduces a novel PCBN tool system for the high-quality, economical

hard finishing of internal gears. The tool system is complemented by a highly specialized hard skiving machine. Application
examples demonstrate how this technology machines internal gears to a quality of ISO class 5 or better, achieving tool lives
exceeding 2000 workpieces per resharpening. Copyright © (2025) by American Gear Manufacturers Association. All rights
reserved. (23 refs)
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18. Identification of pivotal thermal errors in worm gear grinding machine affecting gear machining

accuracy
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Source: International Journal of Advanced Manufacturing Technology, v 141, n 9-10, p 4837-4858, December 2025; ISSN:
02683768, E-ISSN: 14333015; DOI: 10.1007/500170-025-16900-1; Publisher: Springer Science and Business Media Deutschland
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Author affiliation: (1) State Key Laboratory of Mechanical Transmission for Advanced Equipment, Chongqing University,
Chongging; 400044, China (2) School of Mechanical Engineering, Shandong University of Technology, Zibo; 255000, China (3)
School of Mechanical Engineering, Chongging University of Technology, Chongging; 400054, China

Abstract: Thermal error is the primary factor affecting the accuracy of gear grinding machines. To improve gear grinding
accuracy, it is critical to determine the effect of thermal errors on gear tooth surface errors and identify the pivotal thermal
errors. In the paper, a pivotal thermal error identification method combining the thermal error-tooth surface error model
and improved Sobol sensitivity analysis is proposed. Firstly, the worm wheel tooth surface model is established using the
conjugate surface envelope theory, and the thermal error-tooth surface error model is constructed based on the principle of
conjugate grinding. Then, the improved Sobol method is applied to quantify the error sensitivity under different temperature
states, thereby identifying the pivotal thermal errors that affect the gear tooth surface accuracy. Finally, thermal error
measurement experiments are conducted under various working conditions to determine the variation ranges of different
thermal errors. The validity of these results is verified through numerical modification and simulation analysis of the pivotal
thermal errors. The results demonstrate that compensating for pivotal thermal errors reduces the maximum, average, and
root mean square values of the gear tooth surface error by over 70%, confirming the accuracy of the identification method.
© The Author(s), under exclusive licence to Springer-Verlag London Ltd., part of Springer Nature 2025. (35 refs)
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19. Simulation and analysis of dynamic cutting load for gear skiving method considering different
cutting phases
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Source: International Journal of Advanced Manufacturing Technology, 2025; ISSN: 02683768, E-ISSN: 14333015; DOI: 10.1007/
S00170-025-16094-6; Publisher: Springer Science and Business Media Deutschland GmbH, Article in Press

Author dffiliation: (1) College of Mechanical & Energy Engineering, Beijing University of Technology, Beijing; 100124, China (2)
Beijing Engineering Research Center of Precision Measurement Technology and Instruments, Beijing University of Technology,
Beijing; 100124, China (3) Chongqing Gearbox Co., Ltd (CQ-Gearbox), Chongging; 402263, China

Abstract: Accurately predicting the cutting load in gear skiving is crucial for optimizing cutting parameters, extending tool
life, improving gear tooth surface quality. An analysis framework for dynamic cutting loads was proposed and the finite
element analysis (FEA) model was also created to analyze time-varying characteristics of gear skiving cutting loads during
the cut-in, stable cutting, and cut-out phases. Based on numerical simulations, the quantitative relationships between
cutting parameters and dynamic cutting loads, including cutting force and torque, cutting temperature, and cutting edge
stress, have been explored. The simulation results indicate that with changes in axial cutting position, the cutting force and
torque rise during the cut-in phase, remain constant during stable cutting, and gradually decrease to zero in the cut-out
phase. With rotation speed increasing from 500 to 1200 r/min, the tool cutting force and torque decrease, but the rate of
decrease slows when the tool rotation speed reaches 800 r/min; the cutting temperature on the tool’s rake face exhibits

a decrease-increase—decrease trend, while the cutting edge stress gradually decreases. The tool cutting force and torque
rise by 30.6% for every 0.1 mm/r increase in axial feed speed and by 12.6% for every 0.2 mm increase in radial depth of cut,
and both the cutting temperature and cutting edge stress are positively correlated with feed speed and depth of cut. The
proposed cutting load analysis framework and simulation results for gear skiving can be applied for further optimization of
cutting parameters. (© The Author(s), under exclusive licence to Springer-Verlag London Ltd., part of Springer Nature 2025. (27
refs)
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20. Generation of internal spiral bevel gears by gear skiving method
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Source: Forschung im Ingenieurwesen/Engineering Research, v 89, n 1, December 2025; ISSN: 00157899, E-ISSN: 14340860; DOI:
10.1007/510010-025-00900-4; Article number: 129; Publisher: Springer Vieweg

Author affiliation: (1) College of Mechanical & Energy Engineering, Beijing University of Technology, Beijing; 100124, China (2)
Beijing Engineering Research Center of Precision Measurement Technology and Instruments, Beijing University of Technology,
Beijing; 100124, China

Abstract: This paper presents an innovative gear skiving technique for the efficient manufacturing of internal spiral bevel
gears. The widespread adoption of these gears, critical components in nutation reducers used in aerospace, robotics,

and precision machinery, has been limited by significant machining challenges. Current methods, including universal

tool five-axis milling and face milling, are constrained by low efficiency and high susceptibility to tool interference. To
overcome these obstacles, this study introduces a novel skiving tool design and motion control strategy that offers both high
precision and efficiency. The proposed method’s effectiveness is confirmed through detailed mathematical modeling, and
validation via virtual machining simulation using VERICUT software, which demonstrates exceptional accuracy, effectively
eliminating errors such as gouging and excess material. The results highlight the potential of this approach to revolutionize
the production of internal spiral bevel gears, offering a promising solution for industries requiring high-performance gear
systems. This work paves the way for further advancements in gear manufacturing technologies. © Der/die Autor(en),
exklusiv lizenziert an Springer-Verlag GmbH Deutschland, ein Teil von Springer Nature 2025. (32 refs)
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21. A new mathematical model for the product family design of the skiving tools of spur face gears

Tang, Zhongwei (1); Zhou, Yuansheng (1, 2); Mo, Shuai (3); Tang, Jinyuan (1, 2); Du, Zichang (1); Zhang, Wuji (1); He, Haiyu (1)
Source: Mechanism and Machine Theory, v 217, December 2025; ISSN: 0094114X; DOI: 10.1016/j.mechmachtheory.2025.106232;
Article number: 106232; Publisher: Elsevier Ltd

Author affiliation: (1) College of Mechanical and Electrical Engineering, Central South University, Changsha; 410083, China
(2) State Key Laboratory of Precision Manufacturing for Extreme Service Performance, Central South University, Changsha;
410083, China (3) School of Mechanical Engineering, Guangxi University, Nanning; 530004, China

Abstract: Power skiving is increasingly used in face gear manufacturing while the existing tools are limited to the face gears
with specific parameters (module, pressure angle, and tooth number), which reduces flexibility and increases costs. This
paper proposes a product family design method for skiving tools aimed at spur face gears. First, a mathematical model

of the tooth surface is established, along with an error evaluation framework. Then, an error compensation method is
introduced for a specific gear design, and errors are analyzed when using a dedicated tool to machine the face gears with
different parameters. Results show that variations in tooth number cause minor errors, while differences in module and
pressure angle lead to significant inaccuracies. A product family design approach is proposed to enable one tool to machine
multiple gears accurately. Validated through simulations and experiments, the method achieves high precision for gear
families with small variations in module and pressure angle. This work offers practical value and theoretical support for
developing skiving tool libraries. © 2025 (37 refs)
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22. A novel robust distributed mass-damping vibration absorber for spiral bevel gear face-hobbing
chatter mitigation
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Source: Journal of the Brazilian Society of Mechanical Sciences and Engineering, v 48, n 4, March 2026; ISSN: 16785878, E-
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Abstract: It is challenging to suppress chatter in face-hobbing gear machining, because it involves very complex spatial
kinematic and time-varying dynamic characteristics compared to other machining techniques. This study presents a novel
reconfigurable distributed-mass-damping dynamic vibration absorber (DMDVA) with excellent robustness for chatter
suppression in face-hobbing gear machining. Unlike traditional tuned mass dampers (TMDs) with fixed setups, the proposed
DMDVA introduces three key innovations: (1) a modular design that allows for adjustable mass distribution and damping
topology through spatial reconfiguration of functional units; (2) a frequency-adaptive mechanism tailored for the changing
dynamics in hypoid gear cutting; and (3) an integrated tuning framework based on differential evolution that considers
machine-tool-workpiece interactions. Systematic comparison of compliance characteristics across multiple layouts shows
that the optimal DMDVA configuration achieves a 42% wider adequate bandwidth and 68% higher damping efficiency than
conventional TMDs. Experimental and numerical results on gear cutting machines demonstrate significant performance
improvements: an 88.92% reduction in chatter amplitude (compared to 56.41% with TMD), and tooth flank normal deviation
decreased from 1.7190 to 1.5164 pm on convex surfaces and from 0.5757 to 0.4722 pm on concave surfaces. The reconfigurable
topology allows dynamic adjustment of natural frequency over a broad range, effectively addressing variations in process
parameters during complex tooth flank machining. These contributions provide a systematic and adaptive approach for
precise vibration control in multi-axis gear manufacturing systems. (© The Author(s), under exclusive licence to The Brazilian
Society of Mechanical Sciences and Engineering 2025. (43 refs)
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23. Experimental and multiscale simulation analysis of the lubricant penetration in gear skiving (open
Access)
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Abstract: Cooling lubricants play essential roles in machining processes, namely cooling and lubricating contact surfaces,
and facilitating the removal of chips that could compromise surface quality. A key question is how well the lubricant
penetrates the cutting zone in complex interrupted cutting operations, such as gear skiving. This study tackles the challenge
of analyzing the behavior of cooling lubricants across different scales by employing a combined experimental and multiscale
simulation approach. The overall fluid flow is modeled using smoothed particle hydrodynamics, while chip formation is
simulated with finite element methods. The cavitation behavior of the lubricant within the cutting wedge is examined using
the Reynolds equation, and the tool’s indentation is investigated through molecular dynamics simulations. Finite element
simulations are validated against experimental data from gear skiving tests using AISI 4140 steel, showing an average
deviation of 6.6% in the maximum force values. Smoothed particle hydrodynamics simulations predict that the cooling
lubricant can reach the meshing zone between the tool and the workpiece. For validation purposes, typical global flow
characteristics from the simulation are compared with high-speed camera images, exhibiting good agreement. In typical
gear skiving conditions, Reynolds calculations indicate that significant cavitation occurs, resulting in a substantial portion
of the contact area remaining dry. We investigate the conditions that can help reduce cavitation. Molecular dynamics
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simulations reveal that nanocavities on the tool’s surface can improve the transport of lubricant molecules to the contact
area. © The Author(s) 202s. (70 refs)
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24. Determination of Gear Skiving Tool Life Using an Image-Based Wear Detection System (Open Access)
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Source: International Journal of Automation Technology, v 19, n 5, p 801-810, 2025; ISSN: 18817629, E-ISSN: 18838022; DOI:
10.20965/ijat.2025.po801; Publisher: Fuji Technology Press

Author affiliation: (1) Industrial Cyber-Physical Systems Research Center, National Institute of Advanced Industrial Science
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Japan

Abstract: Gear skiving is a high-precision cutting technology that is particularly well-suited for machining internal gears. It is
essential to evaluate tool wear on the machine in a timely manner to accurately estimate tool life. Existing research focuses
on the development of an evaluation system that estimates wear and breakage through image-based observation. This study
outlines the system configuration and presents an image processing method for extracting tool geometry. However, the flank
surface reflection interfered with the extraction of the rake face ridge during bottom-up observation, where a reflector was
placed behind the tool. To resolve this, a new contour-extraction method was employed. This method involves installing a
blue or other colored reflector, illuminating the adjacent surface with diffusely reflected light, capturing an image of the

tool bottom illuminated with white light, and applying RGB color decomposition. An index value that comprehensively
evaluates the difference between the tool profile before and after each machining operation is also proposed. Additionally,

a corresponding procedure is established to identify tool wear or chipping by comparing the index value to a threshold

value that is determined based on its relationship to the actual amount of wear. The experimental results demonstrate that
the index value increases progressively with tool wear advancement, validating the effectiveness of the proposed method.
However, owing to image focus, wear detection can become unreliable, making it a critical consideration in image-based
wear detection methodologies. © Fuji Technology Press Ltd. (18 refs)
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25. Precision prediction of tooth surface roughness in dry hobbing using limited sample data: An
approach with potential for enhancing gear surface quality
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Source: Proceedings of the Institution of Mechanical Engineers, Part C: Journal of Mechanical Engineering Science, v 239, n 19, p
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Abstract: Tooth surface roughness serves as one of the critical characterization indices for evaluating machining quality

in dry hobbing. In this research, a precision prediction method with limited sample data is proposed for predicting tooth
surface roughness in dry hobbing. Firstly, based on the envelope forming characteristics of dry hobbing, the formation
mechanism of tooth surface roughness and its influence on gear transmission performance are clarified by analyzing the
cutting vibrations and machine tool error mechanism. Secondly, a prediction model based on Support Vector Machine (SVM)
is developed for tooth surface roughness in dry hobbing. In this SVM-based model, the model parameters (C, E, and y) are
determined through a hybrid optimization strategy combining grid search and random search. Finally, experimental tests

on a representative helical gear with large helix angles, shallow tooth depths, and a large number of teeth were conducted
to verify the proposed method. The results demonstrate a relative error of less than 7% between measured and predicted
values, which validates the feasibility and reliability of the prediction method. Sensitivity analysis further reveals that tooth
surface roughness value is negatively dependent on spindle speed and positively dependent on feed speed. This study thereby
provides theoretical support for the optimal control of tooth surface roughness in dry hobbing. © IMechE 2025 (18 refs)
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