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Research on 3D Milling of Honeycomb Sandwich Structure High-Precision Panel

LI Dongsheng, YOU Jiaqi, WANG Mingming
(College of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)

[ABSTRACT] The 3D milling finite element simulation model of honeycomb sandwich structure high-precision panel
is established. The influence of the spindle speed, the feed speed and the milling depth on the surface roughness and the
temperature of the honeycomb sandwich panel are analyzed. The orthogonal milling experiment and non-destructive testing
of water ultrasonic pulse reflection method have been carried out, in company with optimizing the milling parameters.
Based on the simulation analysis and experiment, the 400mmx=400mm double-curvature high-precision sandwich panels
with focal lengths of 5500mm, 2750mm, and 1090mm are milled, as well as non-destructive testing of ultrasonic pulse
penetration method. Meanwhile both the surface precision and roughness are inspected before and after forming. The results
show that the experimental results are consistent with the finite element simulation. The surface roughness of the sandwich
plate after milling is negatively correlated with the spindle speed, and is positively correlated with the milling depth and feed
rate. Plus, the panel temperature is mainly determined by the milling depth. When the single milling depth exceeds 300um, the
panel temperature exceeds the glass transition temperature of the epoxy resin (313K), and the sandwich structure is slightly
debonded. Eventually the precision value, the peak-to-peak value (crest-to-valley value) and the surface roughness value of
the double-curvature panels are significantly reduced. No debonding phenomenon occurs simultaneously. It is verified that
milling can improve the surface quality of the panel on the basis of ensuring structural stability.
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Fig.1 Physical object of aluminum honeycomb
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Table 1 Parameters of thermodynamic properties, Johnson-Cook
failure model and shear failure model of LY12CZO aluminum
alloy material

S BE
B pl(kg-m”) 2700
FPEA R E/MPa 70000
pEL /N ) 0.33
PIFERESEL
UK R B /10 °K 23.6
HEE Y (W-m'-K") 124
e C/-g 'K 940
A/MPa 370.4
B/MPa 1798.7
C 0.013
n 0.73
m 1.52
Johnson-Cook AR ZH
d, 0.13
d, 0.13
d, -1.5
d, 0.011
d; 0
SIS 2
YU 57 IR0 F7 E 0
B RIS
oy A TR 0
BN FS x/mm 4%x10°
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Table 2 Parameters of thermodynamic properties, Johnson-Cook
failure model and shear failure model of aluminum honeycomb materials

SR ¢z
B pl(kg-m”) 33.264
E, 0.083
FPEA R E/MPa E, 0.083
E, 886.81
" v 0.33
JrEEs N o, 0
03 0
Gy, 0.021
FIEE G/MPa G, 0.021
G, 120.01
Az /- g ' K 940
o, 2.2
PR REL 0/10°K a 22
PEEVERES R a 22
2 2.645
HERY (W-m'-K") 2 1.488
X 0.992
A/MPa 66.562
B/MPa 108.853
C 0.029
n 0.238
Johnson-Cook Z&%i 2 0.5
BRI SR d, 0.13
d, 0.13
d, -15
d, 0.011
d; 0
T2 AR 2
R S Y157 1 ) 0
N AR 0
RBAIFE x/mm 4%x10°
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Fig.2 Sandwich structure panel milling simulation example
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Table 3 Parameters of thermodynamic properties of YG3 cemented carbide

SR plkg - m”) | SRR E/MPa bEL/N A
15800 210000 0.22

K SR oK
47x10° 46 200

SHERK/(W-m' - K R /g -g' - KD

R4 BHIBMARRER

Table 4 Milling simulation scheme and results

S T3 n/ (r-min') BRHIREE d/pm PELA T v/ (memin ') T e = TR K/ C FRIAFAERE R /um
1 6000 100 3 307.4 0.083
2 9000 100 3 306.7 0.073
3 12000 100 3 306.5 0.067
4 15000 100 3 306.6 0.063
5 18000 100 3 307.2 0.066
6 12000 50 3 301.9 0.062
7 12000 150 3 313.1 0.077
8 12000 200 4 3224 0.0997
9 12000 250 3 341.8 0.117
10 12000 100 1 303.3 0.062
11 12000 100 5 308.5 0.064
12 12000 100 7 308.7 0.064
13 12000 100 9 308.7 0.066
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Fig.3 Relationship between spindle speed and surface roughness
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Fig.4 Relationship between milling depth and surface roughness
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Fig.5 Relationship between feed rate and surface roughness
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Table S Orthogonal test scheme and surface roughness

G L E n/ (r-min') P EE v/ (momin ") AL AR a/mm BEHIVREE d/pm FIHLREEE R /um
1 5000 0.5 0.05 50 0.506
2 5000 1.0 0.1 100 0.845
3 5000 2.0 0.15 150 1.507
4 5000 2.5 0.2 200 1.342
5 5000 3.0 0.25 300 1.554
6 7500 0.5 0.1 150 0.263
7 7500 1.0 0.15 200 0.665
8 7500 2.0 0.2 300 1.147
9 7500 2.5 0.25 50 0.711
10 7500 3.0 0.05 100 0.562
11 10000 0.5 0.15 300 1.012
12 10000 1.0 0.2 50 0.561
13 10000 2.0 0.25 100 0.770
14 10000 2.5 0.05 150 0.602
15 10000 3.0 0.1 200 0.831
16 12000 0.5 0.2 100 0.479
17 12000 1.0 0.25 150 0.774
18 12000 2.0 0.05 200 0.528
19 12000 2.5 0.1 300 0.934

20 12000 3.0 0.15 50 0.679
21 15000 0.5 0.25 200 0.649
22 15000 1.0 0.05 300 0.419
23 15000 2.0 0.1 50 0.485
24 15000 2.5 0.15 100 0.672
25 15000 3.0 0.2 150 0.935
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Table 6 Analysis of surface roughness range

K| EEEEE | SRRV | BSERIE o | BENIREE 4
1 1.15 0.58 0.52 0.59
2 0.67 0.65 0.67 0.67
3 0.76 0.89 0.89 0.82
4 0.68 0.85 0.89 0.80
5 0.63 0.91 0.91 1.01
2% 0.52 0.33 0.39 0.42

80 Wiz MG A - 20204E 563 & 501

SEBREEHIIN T 23 KA -5 RSSO0 20
TR 85 SR 5 0 AR RUAEAE — e 25 . A FROTBLHUAN
G PR S5 IS SR — 8, B0 UE T — 2 B8 A Y 14 e A
P, HZE S 5 8L 545 BN T 2 B0 K
2.2 HhEl TE X EARE S B R RN IE
221 R

2B W M BE F, 4 B o 5500mm . 2750mm,
1090mm, K51 34 & 400mm x 400mm 1 X 2% Je 2 4%
A 1 A FEE TR AR 43 ) R b b Fe e 5 8l & 064 1k 1
Too VAT BL25 W0 33 10 2 1 206 e 3 5 5 Ao 2 )2 THT A o
BEHIKE I TAE A P ERHLIR b UEAT, R FH G B Bsf b
SEAR B, LIRS 7 A T IR A, TR R 1 347 an
B9 (a) . SR PO IR 8043 ) v e 49k 11 iy

oD WhRD B DODR®AE =
W®oatwatatad o s w

E8 EEXREWLFENER

Fig.8 Non-destructive testing result of honeycomb sandwich panel
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Fig.10 Panel precision error distribution before and after milling
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Fig.11 Non-destructive testing result of panel after milling
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