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The glass fibre-reinforced honeycomb composites have been characterized with low density (~0.192 g/cm3) and a 
wide range of elastic modulus (0.19R11;1.79 GPa) from the advantages of the hexagonal structures in the 
honeycomb cell. When impact occurs, the cellular structure on both W-T and L-T planes provides advantages of 
shock absorptions and energy dissipation, making this material widely used in the crashworthiness design of the 
aerospace and automotive industries. Whereas the loads on the W-L plane can be perfectly transited for heavy-
duty purposes. Nonetheless, the hexagonal structure design and geometric discontinuity of the glass fibre-
reinforced honeycomb composites can hinder the machining process due to the unbalanced cutting forces in each 
cutting transient. Hence, vibration-induced variations in cutting forces and the associated dimensional accuracy 
and machined surface integrity are degraded. In this study, the established models can predict the cutting forces in 
orthogonal, oblique and dual-oblique cutting actions. In conjunction with the experimental work, the nicked 
helical-flute router and the cross-flute router coupling with the cutting speed (100R11;300 m/min) and feed rate 
(0.2R11;1.0 mm/rev) are used to examined the effects on the cutting forces, cutting temperatures and machined 
surface integrity as well as the fracture mechanisms in the fibres. Experimental results show that the feed rate and 
tool geometry are significant factors affecting cutting force and cutting temperature. When the ratio of the wall 
thickness in the honeycomb cells to tool diameter (Rt/D) approaches equal to the extreme value, the cutting forces 
are rapidly increased such as spikes. In contrast, the high cutting speed increases the shear angle (φn) with 
adiabatic shearing in the cutting zone, which results in a decrease in cutting force and cutting temperature. 
Moreover, the high feed rate combined with the high cutting speed reduces the cutting force and increases the 
shear strain rate, thereby reducing the surface roughness of the material. When statistical methods are utilized for 
data filtering and processing, identification and removal of outliers from experimental data are conducted. In 
comparisons with calculated theoretical values of cutting forces, the experimental results suggested appreciable 
precision level of R2~88.17% can be obtained. In the multi- objective optimisation, the preferable parameter sets 
simultaneously produced the optimums of cutting forces, cutting temperature and surface roughness. The 
morphology and microstructure of the machined surface, the underlying mechanisms between the cutting 
conditions and crack propagations are all presented and discussed. 
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  Fig. 1 (a) Schematic diagram of fixture design and cutting processing path, (b) Experimental setup, and response surface for               

multi-objective models in (c) Oblique, and (d) Dual-oblique cutting methods 
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