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Effect of Surface Roughness on Cutting Conditions in CNC lathe

C-Axis Milling Arc Cutting
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ABSTRACT

The domestic airline industry undertakes the production of finished products by assembling existing self-described

components Vi
products are
high-precision

ia a design process which involves assembly and production steps, after which many of the finished
exported. However, high reliability and stability must be guaranteed, because customers require
components at the time of manufacturing. In the aircraft parts industry, the mass production of

high-value-added parts is limited. Therefore, a small production scale depending on the part is used, as many types of
conventional CNC lathe machines with X-axis and Z-axis as well as Z-axis and C-axis CNC milling are used. The parts
also rely on high-pressure air to increase production. The most important factors are good stability during processing, as

high-precision
the cutting too
increase in the

parts are required, as noted above. It was found that as the C-axis rotation speed increased, the diameter of
| decreased with a decrease in the surface roughness, while the workpiece rotation speed increased with an
surface roughness.
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Table 1 The specification of CNC lathe machine

Item Specification
Type Lynx220LM
Spindle bore diameter (mm) 90
X axis (mm) 175
Travel distance |  Z axis (mm) 330
C axis (deg.) 360
Max. spindle X axis (rpm) 6,000
speed Turn mil (rpm) 5,000
X axis (m/min) 30
Max. feed rate - -
Z axis (m/min) 36
No. of tool station (st) 24
Cutting axis X, Z C
Controller Fanuc 0i-TD

Table 2 Specifications of endmill

No. of teeth 2
Length type Short
Shank type Flat

Diameter (mm) 6, 8, 10, 12

¢ 6x ¢ 6x20x70,
¢ 8x ¢ 8 x20x70,
¢ 10x ¢ 10 x 23 x 75,
¢ 12 x ¢ 12 x 26 x 83

Specification
(mm: D1 x Dy xLy%xLy)

Material HSS-Co(M42)

) —

L2
I

Fig. 1 Shape of endmill
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Table 29} Fig. 1o B o1 it

B Ag0] AgE gFHFE FF 7075-T6S &
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Table 3 Chemical composition of aluminum alloy
7075-T6 (wi%0)

Zn | Cu |Mg| Fe | Si | Cr|Mn| Ti Al
6.1|120|08|05|04|035|0.2|.0.2 |balance

Table 4 Mechanical properties of aluminum alloy

7075-T6
Tensile strength, Ultimate (MPa) 570
Tensile strength, Yield (MPa) 505
Elongation, Break (%) 9
Elasticity modulus (GPa) 7.2

Shear strength (N/mm?) 151.9

Table 5 Chemical composition of soluble cutting

water
Properties CAS No. Value (%)
Deionized water 7732-18-5 20~30
Mineral oil 64742-65-0 5~20
Carboxylic acid 142-22-0 5~15
Alkanolamine 693-23-2 20~30
Fatty amide 102-71-6 5~15
PEG oleate 68155-20-4 4~10

Table 6 Physical properties of soluble cutting water

Test items Test method Value
Specific gravity @15/4°C | ASTM D1298|  1.0002
Color ASTM D1500 | Bluish green

KS M 2525 354
KS M 2525 53.6

Surface tension (dyne/cm)

Non-volatile content (%)

Ph (3.3% solution) KS M 0011 9.19
Foaming KS M 2525 0.0
Corrosion KS M 2525 Pass
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Fig. 2 Cutting process of workpiece by CNC lathe
C-axis and milling
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Table 7 Cutting conditions

Cooling method Soluble cutting oil

2000, 2200, 2400, 2600,
2800, 3000, 3200, 3400,
3600, 3800

Turn mill spindle speed
(rpm)

Piece rotation speed
1.9,2.16,2.4,2.68

‘ Measuring direction Stylus arm

Workpiece

Detector bp

(rev/min)
Endmill diameter (mm) 6, 8, 10, 12
Workpiece diameter (mm) 50
Fig. 3 Surface roughness measuring of workpiece
Depth of cut (mm) 1
Cutting load (%) 100 Table 9 The specifications of optical .rr.ucr?scope
Items Specification
Model Mitutoyo TF-510F
Table 8 Specification of surface roughness measu- Digital X, Y counter
N . 0.001, 0.005
ring instrument resolution (mm)
ltem Specification Measuring accuracy 3+0.02L
Mitutoyo SURF-TEST (tm, @20C) (L = measuring length: mm)
Model Sv-414 Eyepiece magnification x 10, x 15, x 20
Limit indication (/m, Ry) 600 Objective lens x1,%3, %8, %10, %20, x
magnification 50, x 100
Cut-off value (mm) 0.08 ~ 8 9.2( x 1), 3.9( x 3), 2.5( x
: Resolution of
Basic range (mm) 0.25~8 o 5), 1.5( % 10), 0.7( % 20),
magnification (ym)
Stylus force (N) 0.00392 0.5(x 50), 0.7( * 100)
Driving speed (mm/s) 0.02~12 o _
o 33 ZAH3 HLFS dolHE AHESHAT
Tip radius (zm) 5 nAe ZaAUS e
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Fig. 4= A4&&F+E ¢ 6, 8, 10 & 12 mm=E
A2A] Turn mill A4 2,000 rpmel A 3,800
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Fig. 4 Effect of tur-mail spindle speed on average surface roughness as a parameter of flat endmill diameter

at workpiece rotation speed
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