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Stability Analysis for Mirror Milling of Thin-Walled Melon
Flap on Box Bottom
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Abstract: The bottom of storage box is formed using thin-walled melon flap welding technology. However, the
melon petal is large and the wall is thin. To address the problem of chatter during mirror milling, a stability analysis
method for thin-walled melon flap mirror milling was proposed. First, on the basis of the interaction of milling
forces, the entire mirror milling machining system was divided into a machine spindle-tool subsystem and a work-
piece-auxiliary support subsystem. A dynamic cutting thickness model generated by a regeneration effect, a dynamic
milling force model of an arc milling cutter, and a three-degree-of-freedom dynamic model of the tool-workpiece-
auxiliary support system that considered both the radial direction of the tool end and the normal vibration of the work-
piece end were established. Then, based on the hammer experiment method, the dynamic parameters of the machine
spindle-tool subsystem and the workpiece-auxiliary support subsystem were obtained. The semi-discrete time domain
method was used to predict the stability of thin-walled melon flap mirror milling processing. Finally, we conducted

experiments on the mirror milling of thin-walled melon flaps and analyzed the accuracy of the proposed stability pre-
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diction method. The results show that the introduction of auxiliary support increases the normal local stiffness of the

workpiece away from the fixture position by about seven times, similar to the radial stiffness of the tool and in the

order of 1 x 10" N/m. The dynamic characteristics of the tool end and workpiece end simultaneously affect the machin-

ing stability of the entire mirror milling system. The workpiece subsystem and tool subsystem in the milling dynamics

model must be considered simultaneously. The established three-degree-of-freedom dynamic model and predicted

stability domain have high prediction accuracy. This has important theoretical significance and engineering application

value for achieving stable and efficient machining of thin-walled melon flaps. For the mirror milling of thin-walled

melon flap on the bottom of a 3.35-m-level storage tank, considering the thickness reduction requirements of thin-

walled melon flaps in precision machining, when the spindle speed is in the range of 6 000—7 000 r/min, a cutting

depth of 1.0 mm is recommended.

Keywords: bottom of storage box; thin-walled part; stability analysis; mirror milling
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of a storage box
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to produce a stable leaf flap
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Tab.4 Milling parameters for different spindle speed-
axial depths of cut combinations
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n/ (r/min) a,/mm a/mm | £/ (mm/i)
A 4000 0.4 14 0.21
B 5000 0.4 14 0.21
C 6 000 0.4 14 0.21
D 7000 0.4 14 0.21
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Fig.9 Machined surface morphology of mirror milling
with different milling parameters
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