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ARTICLE INFO ABSTRACT

Article history:

A feature line is a visually noticeable creased line on outer automotive panels.

Received 22 June 2015 Feature lines play an important role in creating a good impression of a car. Even

Revised 6 August 2015 though the manufacturing quality of feature lines is important, it is difficult to

Accepted 11 August 2015 achieve the designed shape owing to the springback of sheet metal. The current

study presents five methods of making samples that will be used in a visual

Keywor ds experiment to discover a quality control quantitative manufacturing allowance

Automotive outer panel for feature lines. Measurement and inspection methods for the samples are also

Character line presented. The results show that plunge machining is the most accurate way to

Feature line make the desired shape, and that wrapping the machined surface with sheet film

Geometric analysis is an appropriate way to emulate the roughness and visual texture of the painted
Experiment sample outer panels of a car.
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Fig. 2 Types of CNC machining for the samples Fig. 3 Building directions of 3D printer
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(a) Best fitting lines for the measured points

(b) Slack height of the feature line
Fig. 4 Analysis of the measured points
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Table 1 Geometric data at section of feature line

Symbol Value

Chord length / 5 mm
Height h 0.081 mm

Angle o 174°
Deflection height of chord K 0.049 mm

Table 2 Machining conditions for CNC milling

Surface milling rl;li‘llﬁﬁz msﬂlﬁzg
Tool (2-flutes) 016 Ball end mill| @20 Flat end mill
Feed (mm/min) 1072 600 1200
Spindle (RPM) 4000
Feed/Tooth (mm) 0.15
Step over (mm) 0.134 0.15
Step down (mm) 5
Theoretical cusp (mm) 0.00028
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(a) Surface milling (b) Plunge milling

(c) Side milling (d) Wire-EDM

(e) 3D Printer
Fig. 5 Samples without wrapping film
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(a) Surface milling (b) Plunge milling

(c) Side milling (d) Wire-EDM

(e) 3D Printer
Fig. 6 Samples with wrapping film
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Table 3 Analysis of section profile of feature line surface

o [t L o] o
Designed value 174.0000 0.0497
o | 1 0 i | s
Plunge milling 82333 888;22 174.0009 0.0513
Side milling 82333 888?22 173.9780 | 0.0513
R I T e
o0 pmer | 02055 | 001934 | s

W //,///:’::]
G

Fig. 7 Evaluation profile of the roughness test
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Table 4 Measurement data of surface roughness

Automotive outer panels

(E-VAL=1.25 mm, Eza 8-(5)(7) ME
Ac: 0.25 mm, As: 2.5 um) 50 W
Wrapping film
= Ra 0.06 pum
(E-VAL=125 mm, R o

Ac: 0.25 mm, As: 2.5 pum)

Before wrapping | After wrapping
CNC milling Ra 0.14 um | Ra 0.07 pm
(E-VAL=1.25 mm, Rz 0.60 um | Rz 0.40 pm
Ac: 025 mm, As: 2.5 pum) o0 K s
Wire-EDM Ra 2.09 um | Ra 0.07 um
(E-VAL=1.25 mm, Rz 120 ym | Rz 040 pm
Ac: 025 mm, As: 2.5 um) oK AU
3D Printer Ra 2.62 pym Ra 0.24 pm
(E-VAL=4.0 mm, Rz 13.2 um Rz 1.30 pm
Ac: 0.8 mm, As: 2.5 um) | Sm 399.25 um | Sm 522.67 pm

Fig. 8 Theoretical layers of 3D printing

(a) Sample without wrapping film (b) Sample with wrapping film

Fig. 9 Result of the sample with the cusp height of Spm
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