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A Study on the Grinding Characteristics of Carbon Fiber Epoxy
Composite Hollow Shafts

P.J.Kim*, D.G.Lee*, H.S.Han** and D.J.Lee**

ABSTRACT

Since carbon fiber epoxy composite materials have excellent properties for structures due to their high
specific strength, high modulus, high damping and low thermal expansion, the hollow shafts made of
carbon fiber epoxy composites have been widely used for power transmission shafts for motor vehicles,
spindles of machine tools and rollers for film manufacturing. However, the molded composite shafts are
not usually accurate enough for mechanical machine elements, which require turning or grinding of

composite hollow shafts.

In this paper, the grinding characteristics of composite hollow shafts, which are flexible in the radial
and circumferential directions, were investigated experimentally and analytically with respect io the

stacking angle, thickness and outer diameter.
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Fig. 1. Photograph of the carbon fiber epoxy composite roller
used in the film process.
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Table 1. Properties of the unidirectional carbon fiber epoxy
composite material.

(USN150, SK Chemicals, Korea)

Tensile modulus (GPa) 131
Transverse modulus (GPa) 8.2
Shear modulus (GPa) 6.1
Poisson’ s ratio 0.3
Tensile strength (MPa) 1800
Transverse strength (MPa) 50
Shear strength (MPa) 88
Fiber volume fraction (%) 60
Density (kg/m’) 1600

Table 2. Specifications of the universal cylindrical grinding
machine.

(TGU-27, Tong-il Ltd., Korea)
1700, 1900
46 - 360
50 - 4000

Wheel rotational speed (rpm)
Workpiece rotational speed (rpm)
Feed rate of table (mm/min)
Wheel dimension (mm)

(Outer diameter x Width) 355.0x32.0
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o A7l ue
SR
39

re Dz, 5349 A3ne

"

HT o i oy
2 ox fr

140

120 f

100 }

80

60

Modulus (GPa)

40 |

20 |

0 22.5 45 67.5 90

Stacking angle ©

Table 3. Dimensions of the hollow composite shaft.

Inner diameter (mm) 50
Length (mm) 300
Thickness (mm) 0.5,1.0,2.0
Stacking angle [0, [£45)T, [90]r
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Fig. 2. Variations of the tensile modulus (Ey), transverse
modulus (Ev) and shear modulus (G) with respect to the
stacking angle type of [ +0]ar.

Fig. 3. FEM mode! for the grinding characteristics of the
composite hollow shaft with-respect to machining
conditions.
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Fig. 5. Schematic diagram of composite specimen
manufacturing.

Fig. 6. Experimental set-up for the composite hollow shatts.
(a) Photograph  {b) Schematic diagram
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Fig. 7. Maximum surface roughness R, of the hollow
composite shaft specimen (50 x 300mm) with respect
to thickness and stacking angle when the depth of cut
was 50m.
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Fig. 9. Cutting mechanism with respect to the cutting force [17].
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