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Effect of laser processing parameters on the surface quality of
spherical Frequency Selective Surface
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Abstract: A cross-loop slot frequency selection element is developed on the surface of three-
dimensional hemispherical shell by laser processing. Advantages of laser processing compared with other
processing methods and the influence of laser processing parameters on the machining quality of the
cross-loop slot frequency selection element are discussed. Firstly, processing method of the frequency
selection element of the spherical surface is analyzed, processing defects in laser processing are
introduced, and the parametric characterization is put forward according to the characteristics of the
defects. Then, single factor experiments are carried out on the experimental parts, the change rules of the
processing quality of the cutting unit are analyzed, and the reasonable parameter range is obtained. Finally,
parametric tests are carried out according to the reasonable parameter range, and the improvement effect
of the machining quality is discussed as well. Experimental results indicate that the galvanometer laser
processing speed is 15 times higher than that of ordinary computer numerical control machining system,
and the processing defects account for 5% or less in control.
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Tablel Main parameters of each part of laser servo surface machining system
parameters
maximum machining power/W maximum scanning speed/(mm-s™) maximum frequency/kHz repositioning precision/mm
galvanometer laser 30 4000 80 -
servo control platform - - - +0.02

subsystem

1.2 HEEFERAHHAESRMIA &

FE TR BT O AR I T A RO A [ AR B AN TR AR R SO A S B P Y R AR A S O
TSk 3 I o R 25 O AR IR AR AT, T 2 5 ) EREAT B R R A A T RO IX B, LA — R BT [ 8 g — A R
JLDKTA] o 33X A A LA o kA g 0T B0 DX TR P 9 g — SRR BT 2 T ) B B OGSk A o B 2 IR A O SRR,
I TR RN S Fron o i T 2RI S O n TR0 A g T ) RORE S O B AR R L, 12 1 Mastercam



55 4 1) MREE : BEMISHXKEMEREERAREN I 649
B R )R~ T 4 Tl ML DR 0 T B 77 . i LS SRR R T I

BB RGN T 2RI M FSS 77 50 min 2547, 1M 7S 5258 v BT SR FH B9 1456 4]
RFEMWIM T RSTE 3 min Z N LA L5 .

laser beam

2 HAIZSHXMIBENZ WS HT
21 MIKREWRIE

FSS H1 A #0551 2 3k 5% 20 o0 F I PE HE S 4 1 . 520 FSS 551 2 0 7 fg [A]
FHMZ, FEAFHMFEFERITCHOIR . RF . A Fon gy =X LU E ok
HeF 7 R 3t TR B R B BT, FRALATRIR . R F i 2E ok g
T AN FSS A R i M AR SOOI T B BEHEAT T3, IR TR o
SE LS AR 3R 5 R LT N T R ) FRAE A Fig.5 Sketch map of machining

FEWOCIM T v, ERAAAE 2 PP oc G . 5B —F R B T 2800 5 TR
S BOM T oA FR o Ak, s n TR A, W
Bl 6(a) s 5 Rl F RO6 I T 6 BE 78 BT
NRWAE RS, BB ksesk” B%, SEON
TBF 2 B TR i As , W& 6(b) s .

RFEIEHFLIER . RSP 2ES, S5IABER.
WA HRIRKXWT .

A
a=" (1)
A (a) process coking diagram (b) “match head” diagram
7:u (2) Fig.6 Defect map of frequency selection unit for laser processing
A I 6 WL T A AR B R PR TTHH b ]

Kb a BBy WAL A Ay 9 AN T 8T
ot E LR R R E ) ; 4 NEIS BT HOCR R R () A W BOGH E 5 2 B9 A TR TR R R
fE (M)

B EAB R/NRAE T I T AR AR 3 003 B LA, o S, U0 W I B A0 ok B B o W AR R RN RAE T
T B kS R B & R AR, p BN, BEBKER B > o dE LB 2 A S REE SRR E O
TSR AT, RN T e R %

R FBOLI T2 BOCH B | FOeM TR | L X 4 MR T R, i 5 5 S8 0 A Hx
Ji0 5 R A 5 e TS DT 75 3 4% 20 DA 3K S 08 A ke i T R A B R R L R o T BN U S BT 3 Ol A R
W 22 AR ) H AR T 2280 I HEBR I T T AF US54 i 40, B £5 151 3 v phy BR AT T o a2 575 = J2 00 R 16 5 00
(0 T4 SR AT BT 70 BT

22 REEESHHMIZMEE RS

2.2.1 WO T F N T B R R

I T BASCHBE LR . AR SHOE TR AT INE 7. B 8 Frn . oy s i & T i &, LUELS I R A(E
fRECh I & BB s br . B 7~ 8 FIJ1, BEG IR K, SHROE L EHH K, BRI -
Frifa, aTLUE N, EIFENBISEA 1.125~1.175 58, L5400 T/ I fed o X 2 iR THE 0802 5 0O o)
HAT— MR SEA, A—afemaAEmk. S m KB FHISEM 1.100 50, AR eZmimamz, #
D RSHCBIAE N 1.150 52247, 145 T DL I S B B i BRFE . M BB Bt PRI R st & BT £ L B
%, BRI, BARNT,
2.2.2 PORAR X I T A R R

7 H A A5 AR A 5 T S SO bk o A R AT PR R AL, AniE 9. & 10 fras . I 9~1&] 10 FT A, B A
R, BCRRNIIF R SIS, Y RIAT] 22,5 kHz UG, BCRIFHR T, WASSRTE 25 kHz LLR]
ISR, EMUR(E N 20 kHz B, BARFGK B R AR; EMUR(E N 25 kHz DL, WEAERIF 4 T i, W LUE
TESRTE 22.5 kHz Z2 51, 28400 T A9 B = B B U1 .



650

AMZBMFERFRERFER

transmittance

transmittance

A
ot /NS s

1.00 1. 05 1. 10 1.15 1.20
theoretical power value multiple
Fig.7 Transmittance at different power levels

7 AR TRELR

/ \

10 15 20 25 30 35 40
fTkHz

Fig.9 Transmittance at different frequencies

9 RRBHRTHELH

distortion rate

distortion rate

0.09r

0.08} / \

0.07F

N /

0.04F

1 1 1 1 1 J
1.00 1.05 1.10 1.15 1.20
theoretical power value multiple

Fig.8 Distortion rate at different power levels
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Fig.10 Distortion rate at different frequencies
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Fig.11 Transmittance at different scanning speeds
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