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Simulation and Experimental Analysis of Ultrasonic Vibration
Assisted Creep Feed Grinding Temperature Field
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ABSTRACT: The work aims to verify the effects of ultrasonic vibration on grinding heat and provide basis for further studying
grinding mechanism by comparatively studying temperature change of grinding workpiece surface due to ultrasonic vibration
assisted creep feed in grinding process. Based on analytical model of grinding temperature field, average strength of grinding
heat sourcewas established. Surface temperature field of workpiece was simulated for common creep feed grinding and ultra-
sonic assisted creep feed grinding, respectively by using ANSYS thermal analysis module. Temperature field distribution and
temperature-time curve of workpiece surface were obtained in different load step, which accurately reflected temperature change
of workpiece surface. The experiments and simulation showed that the workpiece surface temperature of creep feed grinding
was higher during creep feed of grinding workpiece. Ultrasonic vibration could effectively reduce grinding force, reduce heat
generated during grinding, and reduce the surface temperature of workpiece by about 20%. In case of ultrasonic vibra-
tion-assisted grinding workpiece, abrasive grain contacts workpiece discontinuously due to high-frequency vibration of work-
piece, hence the grinding process becomes orderly pulsed intermittent grinding, which facilitates workpiece radiation, reduces
grinding temperature, and provides technical support for avoiding grinding burn phenomenon which may easily occur during

creep feed grinding.
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Fig.1 Schematic diagram of grinding heat
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Fig.2 Schematic diagram of uniformly
distributed moving heat source
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Tab.1 Theoretical calculation results

WL v/(ms™)  TAFEE v/(mmmin™)  EHIRE o /um BHEERE/C FEBEHIRE/C  PI#EEH/%
300 1000 134.58 160.63 19.35
25 400 800 140.25 166.04 18.39
500 600 149.65 175.28 17.12

2 EHIEEZERITHE

AR H ANSY'S A7 FR 043 AT R Xt 2 ) 100 sk
R, S biiHET (APDL) SEELHIE Y
Rl Komzk , 15 20 75 5 Bh 2% 1 25 B ) A5 A Fn 53
G o S A5 A T L B S A A IR

21 EIARTER

Py R OCAS U 6 A S PR A A 3 AR
PP U AR FOR B HEAE ANSY'S sy 5
PRAEAY SR BRITIE ] — OSSR IT . % &
IR H 4 Ak DX B 5 TR A i 18] 42 fph 2 S BOR IR IR
JBERBR BEREIC, W30 23 AR ISP A R T A A, T
171 B SR TSR i 4 1A o 2 RS I ) A BROT A Y
s 3 R, AR EIE RO 32 000,

P33 A% i 9 S A R
Fig.3 Entity model after grid partition
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Tab.2 Boundary condition

Common Ultrasonic

Boundary condition grinding  grinding

Grinding force/N 142 113

Total heating power/(J-s™") 3550 2825
Contact arc length/mm 14.83 14.83
Heat source strength/(x107® J-m™-s™')  6.7768 5.7147
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Fig.4 Temperature distribution diagram of regular
grinding in 20th load step
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Tab.3 Grinding parameters and measurement results

W HE v/(m-s™)  TAFBE vy/(mm-min")

BEWIVRE ap/um  HEPATESHIREE/C Em IR C P 2EH %

25 300 1000 132.25 156.34 18.18
25 400 800 141.63 163.05 15.11
25 500 600 149.33 177.25 18.79
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