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The mechanisms of thickness error occurring during the milling of 3.0 mm thin

Rec‘?ived 11 November 2025 aluminum A16061 skins were investigated using a flexible vacuum fixture with a
Revised 7~ January 2026 3 x 3 array of vacuum pads. The effects of fixture setting error, cutting-induced
Accepted 14 January 2026 . .. . e
deformation, and post-machining thickness distribution were evaluated for three
specimens. The correlation analysis between pin height setting error and
Keywords: pocket-milled thickness yielded no meaningful relationship with the resulting
Fle.x1ble Vacuum. ﬁxture thickness error. However, the skin underwent repeated elastic deformation under
Thin Plate ma.whm?ng cutting forces. Owing to lever-type deformation about the supporting pins, the
Ah_lmm“m skin milling measured displacement at a fixed location gradually increased, reaching
Thickness error approximately 0.06 mm on average. Process improvements, such as reducing
Cutting deformation tool-path interval and applying separated roughing and finishing, lowered the
Machining strategy maximum-to-minimum thickness deviation from 1.49 to 0.83 mm and further to
0.27 mm. This study highlights the necessity of deformation-minimization
techniques to achieve high thickness accuracy in vacuum-supported thin-plate
milling processes.
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(d) Eddy current sensor under skin
Fig. 1 Experimental method and equipment

Table 1 Cutting conditions

Spindle speed

Feed rate

Depth of cut

9,000 rpm

3,600 mm/min

0.5 mm
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(b) Skin #2
Fig. 2 Milling skin thickness measurement
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Table 2 Pin setting error and Skin #2 pocket thickness

Pin X-20 X0 X+20
v«20  ooo OGS 001
) 002 000  -001
¥-20 001 000
Skin#2 X-20 X0 X+20
¥+20 N 7
Y0 220 221
Y-20 208 219 | E
Skin-Pin X220 X0 X+20
¥+20 001 010
Y0 007 009
¥-20 oo7 |
0.20
0.15 -
010 A Ay Y+20
’g 0.05 - A Ay YO
= A Y-20
g o ); Xﬂg X+20

-0.05
-0.10
-0.15

-0.20

(a) Pin height setting error (0.09 mm)

2.30
2.25
2.20
2.15
2.10
2.05
2.00
1.95
1.90
1.85
1.80

Thickness (mm)

Y+20

X-20

(b) Skin #2 pocket thickness (error 0.41 mm)
Fig. 3 Pin setting error and skin pocket thickness
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Fig. 4 Pad and skin displacement in milling process
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(a) Deformation
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(b) Stiffness
Fig. 5 Skin deformation and stiffness analysis
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Table 3 Skin #1 thickness (error 1.49 mm)

Skin#1 [X-26  X-18 X9 X0 X+9  X+18  X+26
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Y-26 200 163 139 157 152 183 | 234

Table 4 Skin #2 thickness (error 0.83 mm)
Skin#2 [X26  X-16  X-10 X0 X+10 X+16 X+26
v+26 230 247 | 258 |NBTINN 264 265 264
Y416 198 | 224 233 247 249 251 241
v+10 | 188 | 218 235 251 250 248 239
Yo 210 226 241 259 256 255
¥-10 202 224 236 258 254 252 240
¥-16 218 233 238 254 256 257 246
¥-26 250 250 252 |69 263 | 266 263
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