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Surface M orphology in Face Milling of Nodular Cast Iron

WANG Peng, WANG Xi-bin, YAN Pei, JIAO Li, CHEN Kai-jie, PENG Ze-yu

(Key Laboratory of Fundamental Science for Advanced Machining, School of Mechanical Engineering,
Beijing Institute of Technology, Beijing 100081, China)

ABSTRACT: The work aims to improve the surface quality of nodular cast iron by face milling and the service life of tool. As
for the large-scale face milling of engine case and cylinder head with high power density, the high surface quality, high machin-
ing efficiency and longer tool life were required. The effects of number of cutting edges on the cutting performance, tool wear
and surface morphology in face milling of nodular cast iron were studied by the tool path calculation and the cutting test. The
surface morphology was characterized by the fractal dimension and the surface roughness. From the analysis of tool path, the
inclination between cutting direction and feeding direction changed continuously during milling and the surface morphology of
different positions and directions on the milling surface was also different, thus leading to different roughness values. The effect
of number of cutting edges on the surface geometry at different positions and directions was studied through the milling test. It

was found that with fold increase of cutting edge number, the cutting force increased, the tool wear amount was reduced by
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36.5%, the surface roughness value was reduced by 39.2%, and the surface contour fractal dimension value increased by 4.8%.

Increasing the number of cutting edges can reduce the cutting force and tool wear of each tooth significantly and increase the

tool life, reduce the surface roughness and increase the fractal dimension. The increase of the number of cutting edges makes the

surface quality better and the surface contour structure more complex.

KEY WORDS: face milling; nodular cast iron; cutting edges number; cutting performance; surface morphology; fractal dimension
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Tab.1 Main elements of QT400-15
wt%

Element C Si Mn S P Ni
Content 3.6~3.9 2.5~2.9 <0.5 <0.08 0.03 0.04~0.06
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Tab.2 Main cutting process parameters

Cutting speed
v/(m-min™")

3,6,12 180 0.10 0.20
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Cutting edges
number z

Feed per Cutting
tooth £,/mm depth a,/mm
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Tab.3 Scheme of tool wear test

Cutting edges Cutting speed
number z v/(m-min~")

3,6,12 240 0.10 0.20

Feed per Cutting
tooth f,/mm depth a,/mm
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Fig.2 Comparison of tool path of 3 cutting edges and
6 cutting edges: a) 3 cutting edges; b) 6 cutting edges
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Fig.3 Influence of cutting edge number on the cutting force
(ve=180 m/min, £,=0.1 mm, a,=0.2 mm)
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Fig.5 Surface topography and surface roughness at different locations of milling surfaces
(ve=180 m/min, £,=0.1 mm, a,=0.2 mm, z=3, 200x)
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Fig.6 Influence of cutting edge number on the roughness
of milling surfaces at different positions (v.=180 m/min,
/-=0.1 mm, a,=0.2 mm)
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