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Abstract  For the problems such as fiber burrs and ablation in the processing of aramid fiber reinforced
composites (AFRP) , a laser—milling combined processing method was proposed to conduct experimental research on
AFRP. The parameters of AFRP laser—milling combined processing were optimized. The results show that compared
with the milling processing, the temperature of laser—milling combined processing is lower, the milling force and the
burr factor are smaller, the milling force fluctuation is smaller, the milling is more stable. The optimal laser
processing parameters of AFRP laser—milling are as follows: laser power P=20 W, scanning speed v=3 mm/s, pulse
width =60 ns, repetition frequency /=50 kHz. The optimal milling process parameters are as follows: spindle speed
n=2 000 r/min, feed speed »=105 mm/min, cutting depth a,=0. 5 mm.
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Tab.1 Laser processing factor level

P f L Poowf L

No. No.
° /W mm-+s™ AHz /ns ?

/W mm-+s” /kHz /ns

1 10 1 50 20 3 30 3 350 60

2 20 2 200 30 4 30 4 500 120
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Tab.2 L,,4°) Orthogonal experiments of laser machining

v/ fooL v/ f L,
Z241 | No. PIW
51| No mm*s”' /kHz /ns

1 10 1 50 20 1 9 30 1 350 120 2

No. PIW 255

mm-s”' /kHz /ns

2 10 2 200 30 2 |10 30 2 500 60 1
3 10 3 350 60 3 |11 30 3 50 30 4
4 10 4 500 120 4 |12 30 4 200 20 3
5 20 1 200 60 4 |13 40 1 500 30 3
6 20 2 50 120 3 |14 40 2 350 20 4
7 20 2 500 20 2 |15 40 3 200 120 1

8 20 4 350 30 1 |16 40 4 50 60 2
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Tab.3 Factors and levels in milling stage

K%K
No.
n/rmin”! vl/mm-min" ap/mm
1 2000 105 0.5
2 3000 210 0.7
3 4000 315 0.9
4 5000 420 1.1
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Tab.4 L, 4°) Orthogonal experiments of milling

No. n fr-min”’ v/mme-min” @ /fmm EH1T 252
1 2000 105 0.5 1 1
2 2000 210 0.7 2 2
3 2000 315 0.9 3 3
4 2000 420 1.1 4 4
5 3000 105 0.7 3 4
6 3000 210 0.5 4 3
7 3000 210 1.1 1 2
8 3000 420 0.9 2 1
9 4000 105 0.9 4 2
10 4000 210 1.1 3 1
11 4000 315 0.5 2 4
12 4000 420 0.7 1 3
13 5000 105 1.1 2 3
14 5000 210 0.9 1 4
15 5000 315 0.7 4 1
16 5000 420 1.1 3 2
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Fig.3 Comparison and evaluation of machining area

morphology and geometric size
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Fig. 7 Influence rule of spindle speed and cutting depth on

burr factor
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Tab.5 Range analysis of orthogonal experiment of laser

machining

2R PIW v/mm - min”' flkHz L/ns

K, 1.385 2.937 1.513 1.541
K, 1.546 1.398 1.523 1.519
W, K, 1.640 1.253 1.512 1.602
K, 1.641 0.624 1.665 1.551

R 0.256 2313 0.153 0.08.
K, 2.504 4.760 2.764 2.879

K, 2481 2.522 3.029 3.185

W, K, 3.329 2.311 2.882 2.668
K, 3.301 2.024 2.941 2.884

R 0.825 2.736 0.265 0.517

K, 1.094 1.898 1.276 1313

K, 0.985 1.125 1.531 1.691

A K, 1.664 1.057 1.370 1.141
K, 1.710 1.374 1.276 1.308

R 0.725 0.841 0.255 0.55

K, 34.1 31.2 26.6 22.7

K, 25.4 28.7 25.6 27.9

0 K, 22.8 242 26.6 25.3
K, 20.9 19.1 24.3 27.2

R 13.2 12.1 2.3 45
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Tab. 6 Analysis of orthogonal experiment in laser

machining
J5 25 R 5 P/W  o/mm-min” flkHz  L/ns %%
PR 0.174 11.565  0.067 0.015 0.021
sefplx AME 3 3 3 3 3
T FAH 8.495 563.5 3.247 0.719
3 * o
I #2708 18.866  0.149 0.543 0.066
famix AHE 3 3 3 3 3
FEBE Fi 41088 2862 2259 8238
3 * E
peEhx 2SI 1.706 1.746 0.174  0.650 0.105
RES  pmg 3 3 3 3 3
mALIX
i 2 F1H 16.175  16.557 1.650  6.159
1H B o o
fWZEFIT M 339.107  404.025 13.910 65.650 31.685
mfpx AHE 3 3 3 3 3
HEBE FH 10702 12751 0439  2.072
T2 * ok

HH 2% 6 1] UL, F 45 T2 43 0 e Ak DX HEJEE (0) Lo
X TEEE (W) Rl X T8 (W) LA K P 5 25 52 i)
Y 5 v B W, DA e Ak X FE (6) LAk IX B B
(W) il X 5 (W) DA R PG 35 25 (A 75 52t 0 35 5
e HIE X R AR X T 2 5 47 il X5 88 22 (B (A) (R 52
AR 2 F1J5 26 53 B o] A Al R L T Skt ok A IX 58
JE (W) &R S8 (W) R IR, i TR X
BERHEEHI I 5 7= e 2 R B G, AL XM kLS T
ZBE HUIHIFFEE . B, ot TS50 e
i 1 b DX 5 A il X 5 8 1 2 (L e/, A AR I
N T 7 G850 — W e Bl U 0=3 mm/s, i — 25
% [ p AR IX T BE RV il X T R R, T AR
TR R P=20 W, 5% = BEFE K 8 L=60 ns, il Hij =
T 2S5 B8, BaA ] LUK B AR TR L 25
GV A5 BT, A AR /=50 kHz,

2.2.2 SHIMIMEBEIZSEHMK

TEBOET 2380 P=40 W 3153 v=3 mm/s .
A =200 kHz K BE L,=20 ns S5 F 486U B35 A
T, Bl 4R IR 3 th By SE g 240, R A i 1 58 104 7
a6 —

BEHIESCIAS: . LAVIHI ) (F, F, F) VISR () FIE
IR (KR bR, S TEEI N T T 228k
R7T FEEIMIHERIEZIRERE S

Tab.7 Range analysis of orthogonal experiment in milling

stage
240 n/remin” v/mm-min”" a/mm
K, 32.675 52.250 30.153
K,, 34.3 47.250 41.375
F K, 54.128 38.903 48.6
Ky 53.075 35.450 54.050
R 21.45 16.8 23.897
K, 34.550 445 23.0
K,, 35.925 43.8 41.250
F K., 42.6 423 50.475
K, 53.100 40.8 51.450
R 18.55 3.7 28.45
K, 18.625 27.5 17.025
K, 19.125 25.875 28.2
F Ky, 30.65 24.025 27.550
K, 30.7 237 28.325
R 12.075 3.8 11.3
K, 121.150 158.900 60.9
K,, 133.375 149.525 113.225
t Ky, 184.875 148.450 157
Ky 149.725 144.650 258.400
R 63.725 20.375 197.5
K, 1.077 1.074 1.102
K, 1.099 1.084 1.127
K K, 1.149 1.108 1111
Ky 1.173 1.142 1.158
R 0.096 0.068 0.025
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PR E DIHIREE LA n=2 000 r/min,»=105 mm/min,
,=0. 5 mm N AL LIUTHI ) UTHIR B f/ Nl FEY,
F b ol R 2 HUE DIEITR BE LA n=2 000 1/min, v=
420 mm/min, a,=0. 5 mm Ay e H o 8 3 {1 54 AT
R, T 20 S R X LIV g L) R 45 v W R AR
P, £55 25 1, OG- BU I 24 -8 T8e ) in T B
Y :% A 2 B0A] 1% n=2 000 r/min, »,=105 mm/min, a,=
0.5 mm,
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Tab. 8 Analysis of orthogonal experiment in milling stage

WEZSU afremin™ p/mmemin™ L/mm W2
2 860.580 47.602 20870432  205.084
B 3 3 3 6
ke Fi4 8.392 0.464 20.357
WZEFITH 1625749 761399  1279.904 3 418.682
1 B 3 3 3 6
g FAY 14.272 6.289 11.236
WZEFH R 664.265 37.415 364.385 45.825
A 3 3 3 6
g F{4 28.991 1.633 15.903
E%‘ﬁ: ok *
2SI 9137.932  953.717 84 253.357 11 984.090
H H 3 3 3 6
Z F{E 1.525 1.59 14.061
(T2 wx
M2 0.023 0.022 0.007 0.009
A B 3 3 3 6
F{4 5.107 2.924 1.650
i o
3 g
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(3)WOE-BEHI 414 i T AFRP H (9 Fe A0 T
25BN P=20 W, v=3 mm/s, L=60 ns, /=50 kHz; f%
HEBEH T2 2404 . n=2 000 r/min, »=105 mm/min,
a,=0. 5 mm,
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