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Fig.1 Development journey of ultrasonic vibration-assisted gear

machining technology
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Fig. 2 Transverse ultrasonic vibration-assisted gear grinding system
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Fig.3 Schematic diagram of the principle of three-dimensional

ultrasound vibration-assisted internal grinding
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Fig. 4 Finite element displacement map of the ultrasonic vibration
system
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Fig .5 Finite element cloud diagram of ultrasonic grinding
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Fig. 7 Surface morphology of the ground tooth surface
AR BT E S MR B BIE ARy s2ga b,
i 3 5l L S R (SEMD) St 1) J 4 T ) 40 BT 285
RUNE PR . SR s, H LRI T80 48 14 i
AR BEHINA L, [R) R Rl DD A 5% B 5 7 T 19
FORHTCRRIRIRS 5 10 A 75 I s 1 I 1400 T 141 8 (o) 10
L RN [ BPIR S —— i TR RO, B
HIFE R BE R BEFRAR, AR R W] i
TR 2R JZAG 54 0 05 1T, P IR sl R B A o
L HGERI, BORRY ]IS w5 e T
WRZFHRIBIAILZE | BEREC. AL (gt
FUZ) AR5 o B Ik sl ad AR B I 0wl sl bl
2B o V2 2 AR Y R B T S AR A 5 e R

e iR e e S e
(b) 875 I 3l B s 1)

E8 EHESEME
Fig. 8 SEM images of tooth surfaces
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Review of surface integrity in ultrasonic vibration-assisted gear grinding

SHI Yuxin ZHAO Junshuai

ZHAO Biao DING Wenfeng

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: [Objective] Gears are central components of power transmission systems, and their surface integrity fundamental-

ly dictates the reliability and fatigue life of high-end equipment. Ultrasonic vibration-assisted grinding (UVAG) introduces high-

frequency energy to mitigate excessive cutting forces and frictional heat accumulation, which are critical challenges in the preci-

sion manufacturing of high-performance gears. [Analysis] Through a systematic review of existing literature, this paper firstly

delineates the evolutionary trajectory and core technical specifications of gear UVAG equipment. Secondly, it investigates the
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regulatory mechanisms of ultrasonic vibration on material removal behaviors based on surface integrity characterization meth-
ods, such as surface roughness, residual stress distribution, and subsurface damage control. Technical characteristics of different
vibration application modes are comparatively analyzed. [Conclusion] UVAG demonstrates superior capabilities in improving
gear surface quality and reducing thermal damage compared to conventional grinding. It provides a robust theoretical foundation
for achieving “high precision and long life” in gear manufacturing. [Prospect] Future research should focus on the synergistic op-
timization of multi-physics fields during the UVAG process and the development of high-frequency, large-scale integrated equip-
ment to meet the requirements of extreme service conditions in aerospace and industrial robotics.

Key words: Gear system; Ultrasonic vibration; Grinding process (%#t:. )



