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Summary

This study is on the development of design and fabrication method for refractive-type
asymmetric beam distribution converter for laser heat treatments and pattern markings, as a
result the following things became clear:

Chapterl is on reasons of refractive-type laser beam distribution converters with an
asymmetric shape. Refractive-type optical elements are superior in higher light usage
efficiency, easier fabrication even small lot sizes or customization. And they can convert from
high power multi mode fiber laser beam. They have ease in handling for laser heat treatment
like jigs for machining, so this technique is needed in the next age laser processing. However,
the existing design method for axial symmetry optical elements cannot applied for
asymmetric elements was showed.

Chapter 2 is on the design method of asymmetric optical elements for converting beam
distribution. Asymmetric distribution converting and geometry generation methods were
showed. In distribution conversion program, for a desired beam pattern, the shaper form is
designed automatically using iterative calculations by applying the behavior of electrically
charged particles. The beam elements are assumed to possess the same polarity of charge,
which generates a repulsive force depending on the intensity of electric charge and distance
between elements. Furthermore, the desired pattern elements are assumed to possess contrary
polarities, so that every beam element is effected of attractive force from all desired pattern
elements. For no optical path crossing, the adjacent relations of elements are maintained
throughout iterations. In form generation program, the longest optical path of beam elements
are based, other optical paths of beam elements are regulated to match a standard by changing
the thickness of the optical element.

Chapter 3 is on a verification of this design method via testing in order to redistribute
uniform collimated radiation into a single focused point. As a result, a paraboloidal surface
was obtained, which performs the same function as a convex lens.

Chapter 4 is on processing and machining methods for fabricating optical elements. To
make element’s form by cutting for acrylic resin, or grinding for quartz or glass are applied.
To improve its surface roughness, polishing and coating by silicone oil are applied.

Chapter 5 is on examples of asymmetrical beam distribution convert elements for laser
marking. Pulse laser beam was converted to characters of “CIT” and mark of a star, and they
were confirmed by shot beam profiles and burn marks on thin stainless steel sheets.

Chapter 6 is on an example of gauss-to-line beam converter. Beam distribution converter
made of quartz converted 12 mm diameter gauss beam to 4.0 X 0.7 mm line beam in 100 mm
of work distance. In beam scan test to colored plastic, the element was marked flat section in
the burn pattern. And this beam can use in one process of works of metal powder melting type
additive manufacturing.

Chapter 7 describes conclusion of this thesis.

As mentioned above, a new design method for a refractive-type laser beam distribution
converter with an asymmetric shape was proposed. Elements were designed automatically,
fabricated easily, and have functions for laser marking and beam scan process.
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AN =My T OV —T 2 AET VAT D, B LT=7T—XILCAM V7 b

77 R TTE D STL B CTIRFT 5.

& MeshLab_64bit v1.3.4BETA - [Project_1]
® File Edit Filters Render View Windows Tools Help
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29. CAMICKSPIERHBER

T HEREEEEICIZ CAM Y 7 F 7 =7 Vectric ££0 Cut3D Z {4 5. 2-9 |12
Cut3D O EATH [ %159, ASJL7= STL 7 7 A VIERD 3D 7 — % 2% L 72 KX
e L TERRL, TEHOBEREZMWE LR EERT HEZFD. STL T — &R
VIRIZEH C TWARWBIRTH > THHl L7 TED U — 7 280 Y4 T4 5 ke
EROOTHETH L. AT ABICIIRSINTEREORELHERT L ENEE
Thb.

14 Vectric Cut3D - [outputPaintCloud.stl] ha? O x

Eile View Help

-8 X

(2] =30 12, 1% 1Y

NI T R
3/1:} Roughing Teolpath

Create Roughing Toolpath

|| BallNose (2 mm)

~ Ball Nose 2mm Dia Select ...
Cutting Parameters

Z7% Pass Depth mm

472 Stepover mm E =
Feeds and Speeds

@ Spindle Speed r.p.m

EW Feed Rate —

[ Plunge Rate o

Tool Humber il 2 | | Edit Parameters

Toolpath Parameters

[/
“T Rapid dearance gap mm
., Machining Allowance mm

Strategy  (@)ZLlevel |(RasterY v

Profile ... |Last ~
(C)3D Raster Along X

Side Displayed ...
® Top Bottom Front Back
Estimated Time ... 42 minutes
Ready Size: X:29.4 ¥:29.4 Z:4.541 mm
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ZDOFETIL, IR O BT F X5 FIEICOWT, AR L IR AR
DB BIFRIR 2R T, AT 0 7T LTI K LB 2 - 72k 1
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B2 ETCHMESMER T 0 7T LAERIRERT v 7T D2 LT, 2 OGN
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ZHERT D7D, 1 RICENT DWEL AT oF st Lih L o XTBIR & il
5.

3.2. EEEEH
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5 3 B xEt FIEOIRGEE

Fo, FHBOXEEZEBL LT b DOEK 321077, KFOBOMEIIEEORE
SEFRLTBY, FOIFEBEFEHENE N L 2R L TWS. EHEZROITX LTI
IETRTLAIZEFR LTS TR S DT ) BRERONENREWN ERxDMND.
WL OMBLFRICEFEL TWHARWIANDEREKE L TEZONSZ E1X, DoV E
WCHERIMERT 2 BB AE LR b 2 &, B SN BET I IG T D850 53
RN OBEN T RVIREETHEE SN D Z &, BESfAEFRR E LN H Y B/
PINSL BT 0B8 Lan &, RERETFLND.

34, BREBEFOHLUOXLDHE

1000 [EIDO#V R LFHFEEZ&K T LT —% %28 L1, BIREZAKRT 5. EENEEEET
100mm & L, FEOPEZTEZ30mm AL Lz, AR LEERER 3-3 127R7.
WL OMDEROH D HEODEMRE L TidZed b/ dimBIR N ARk S . 225
TR L7 o T BRIZL DD EEZ NS, T OZERII AR L CTxRFR
ICRELTNDZ &0, FHEFICEEIREEL Lz 6 RO D55, FdJim~
DEFZROBEF LT IBMEIICL o TRRDZLICESTRIDBGTH D & HEH
TED. POFH~OBEE TEXRVWE) ETFEAETDHILELTEDLN, TOHA
M ONPOBE L WERIIEELY HEEZLNS.

AR U7z 30 mm A OF - o FlE xy FHEOF R E Lz & & O x #ilfl_ = CoWrm
HIAR A X 3-4 1R T, RERT 2 ROEPATH Y, RPWmiImi e i< 2 & 3o
5. FZ OB OTESR L2 3 mm O R EFES 3 S5 AR %2R
L72E 25491 mmE 7220, —RH72 B L o R B HEH S5 E S FEEE 100 mm
TO¥E49.0mm L IFFE—H L7z, ZO/RRND, R TRET 2 FHEIL H R
JESARIZITVRREIZ T B 72O DR TR BB ER TEX 2 F6 03 H 5 2 &M
LMo Te. ZNHRIEREFD R LD 1 RICEET 2 IEEkE L v XOREH ]
BETHDEEZDIN, TOMDIBIRDEFZ2BUET DRI b HIE N E TS,
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FA4E SHAERFFOMIEEMIEE

4.1. [ICHIC

ZOETIIMIE, MTEBEICOWTERYHE S . HEICEI Y BEERE S 3 ko
?~&mﬁﬂ’ﬂﬁﬁié ETII LD TRFEHRE T L LTOMELZFFON, FFET
&L THRRET D72 0IIE—EAKEDTIRIGESLE I S 2N T o 01 HDH. O
O®MI$T&H% (TR EHHEE D 2 BIR 2 e TE 72\ o®, T2 & 2 ITUIHI & b
DX NTHAEDOETHEDOMRBEHE ST L. EHTOMEHZ L o> Th4FE 2T
ENED DT, BIEMITAICEIH], A B IIRIIN T 217 5. I K - T
FHAHIBM ET D2 EE2RL, B ODNDEOMRIR L 722 TIEIZ OV T H IR
5.

4.2. Y)HIEHH]

7 7 VLOUIENCIE 2 NOBER—/L T K I V(EE 2 mm)Z W5, It
ITHEE O DNHEFICFITTE 2R KOME L LT 800 mm/min & L7z, EEEOIMIL
TIHINLL OB/ D Z Eix7e 0y, BRI X o T EEE o fnjsos hns £ o i R
TINEVESRDZ EIEIHY 9 5. BIZESHIMLICL > THE BT AMZEG LT
235, B0 AZME 40 pm TAF v VL Ll biF 5. T HRB#EREE 1 MM 720 %0
MAF Y AMELD /<725 XD, 30000 rpm & L7z,

MEEIN T CIIXgen T 7 AA 9 THh D fHE & b THEV N2 8, N T3 B A8
REIN D 1/40 DEVHE L L, EEX A YEY RKR—/URADABF LT HRI M
SOEV TS BT /4OFE L Lz, TEBEERHITI T EOHR) 5 20000 rpm & L7-.
B 4-1 12 TR AR, TEOR—/VEHELIL2mm Th 5.

B 41 FHTHIEFSFMVEY RAR—ILEBR
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43. W B

NC WS CITEEM TTE TV D LEOMEFEIC L 2 il OERSHEE 70D, #
ZC, TEHOMREAFET HDMENLIEL 25, X 4-2 ([CEFEMERET < S T A
ONBETRT. TAVIZTADT A ATNEIRDT T AF v JHENRL->TEY, =
DI > TH 9 —D2DT 4 A7 B> THIE G AN A SRS 5 Z &
T, FEHENZEZ, ETRIBEOT 4 A7 IEHENTITRICE S TEREL LT o
Wit Z LD, THITRMA O I AA 0o &2 EL 2 mm OR—/LT Kk
RO L 2D EHICRIELIZb DT, 29952 LICL>TCAMIZE » TARES
e TEHREZFEHATE 5. TERESEIIEEMERE DS MEICEET SRR s L
TS5000rpm & L, &0 #AEE333mm/s, TEMLOFNL0INTHS.

M 43 ICHATWEHI L 2 REPERERZ 7. 1 ITHO TS T, 217H
MHEBTHEIC L @m0 b, 3TERWmEBHRTH Y, WIN b AEFINRIHEIE,
FHIBER OGO THDH. WHFBFEMEEG TIE, YIEI% OREHI IS O R 05
DRZ DD, WHESOBREHIIZIW 90Dy R HANRD LN > TG,
TWEHZ L 2| SHH T, OEIZOBETIE, HF B TR THWZMINRDEIE<
ELTHDLZENLND. HEZOLDITIE Y FOBHNDLTICITATNDN,
ERE L TUIFHICR2 > TWD Z ERNbs. AR TEHS EICSIWZF O TY)
WrL7- & & oWrmmdh#E TI%, BIHI% OFENCIX Ra 254 nm THEBIMIZE & 1 pm f25
DOMMA RS NRIERHADO ' — 27 XL —72 L 2 pm BREIC/2 52, W Tld Ra 18
nm £ THELTWNDS.

WFEEIZ K D R BE DAL & e 57201, BB RERE Lz, £ 4-1 12F 8
RMESE 27T, WER S ESAERE 100mm O L2 X T, MIEITHAT —A—F%
BELRNE D 30 mm 3T L TfTo70. X 44 ICFEBRPEHREEZRT. YIHlOH
DL RFRE DR N U A — KD 87 %FE THIBENEL TWNDHD, AT
&, 94 %EANNTOT 7 IR 7 AL o XL [A%EE THIE L.
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= 4-1 BBRFEJERE

lazer type YAG(CW). 1064 nm

laser power 15 W (at ozcillator end)

measuring instrument

COHERENT FieldMaster GS
{(laser power meter)

measuring distance 130 mm from sample

lens (milling only)
lens (milling and polishing)
bulk PMMA plate (t = 5 mm)

samples
commercial glass lens (BK-7)
*all lens focal length are 100 mm
Milling only l |
Milling and polishing |
Bulk PMMA plate |
Glass lens I I |
80 85 9 95 100

Laser transmittance index %

4-4 BREREFRER
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4.4, HEOREFER

AEI D L ONHFBEIZ L > TETZEET L L HTE D, Lo, WHE T HOME
SN RAET ORI E BT SN TERENMEN-T2D, B ZEIZX o TY)
HILTE EDIR L IZE R D ONBNFTIICRETIEAND H Y, BikiEEL £
EPEIROBIRIZIZ N L — R4 7 OBRRH 5. F72— 72 2 w30 ORI EES<
L o AR BT I RO S5 RIS H T E 2200,

X 4-5 ZYJHI & WFEE, WIRBARDOF R A A — T ZRT. ML VD OIX, B
OO 5 B, WO EN BIEFICE Y 2o TN E, REKMICRIEE TEE XM
TThD. WS, fKEEZBEYRMECTHD D ZET, b ) ETVHTRTKRID
STEEEDIINTHFBBREN LS R ZENEZOND. 2L 20, HBRM:CREITR
14 77 VAZOMOFZFMENTN T Y a— 23 A LV EYIEI%OFE - ICBAT 5
ZETHFFRETE L TCOBRENRI-ER VI ETHE L.

INTEAEE, 7 7 A4 AR TAEE ISR 727 27 U ABIIEM B R —1ro v R R
MZE->TYEIL, TEZ7 =)V "oANTIIAZHE, HET 5. 2B AW N7
I LD ENZITRICE DV LET 28E LT L TR T Tna. Ltz £
4-2 |2~ 7.

W 1064 nm (25 U CHEMSIERE 100 mm & 72 5 EAE 27 mm O L > X & {ERS 5.
GIHIIN 0L, S @REIHICHME & H L 72% 30000 rpm, TEJF Y] 0 IAZ 20 pm, %Y
840 mm/s T X-Z BN LEITo 72, REICEAT HREICIX, 727 VB
MIBEFRHAICBWTLEZECTHETELEVC 1.4H ) a—rF 1 v(EibyR
KF412SP)%& iV 5.

4 4-6 \ZUIHID A, GIHIEAEE, GIHI# AR OO Z =T . YDA D H D
1TEAIZEB WIS AREERR 728, SFEE L= D, A NVEEA LTS OITERHIZR D
b at A B D . RIROEBAR SRR T I T URIE TE iz,
P fih = Yk oo 2 (g NH-3)Z W Tl IR & F i & 2 H0E L7-.
X 4-7 1WA Ao~ d. R S IXUIHI% 1 Ra0.420 ym ThHh o7 DR, ~ U =2
— A A NEEAATDH EH 1/10 OfED Ra0.038 um & 720, AFEE TR AR -5 ol
Ra0.037 pum & [FI%5 & 7o o 7=, Wikl FhER 2 S 13BFBE L 7= O TIZ LB oy S WFEE TR &
DBREINBERG DRI L TN DD, BATIRILE NS FHo TND b, #£
DR Z D D X ITRIEIMEH L TnD EEX LD,

F7o, REOKRENFZBRRICE X HHEELPTR5720, MTIZHWDO LR CHEE
WTHDLTZ7ANL—FDa ] A— 2R L, &R 5% 300mm OFEEECE
WK R T — A= T L7z, X 4-8 [OF R 2 R8T, BRI UIHIR % BHiATe 23,
ZOBRMIEL CTHLAA NVBATHLIEIE Lz, Bfitid YAG L —VHE TOBEmRN
2L T KD 94.5 %D fiE £ TEIE L.
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(a) LIHIE

/ 4 v V ‘, \

(b) PIHI&BIEE

JBHTEE 1.4
1.481
(O 17.3:.£i ]
4-5 YNHI ETHEE, BABHOREA A —
=& 4-2 MI&H
BIHI T B =%~7 U 7L MSTAR BB —/L > K3/l rl
FIEIESGS 480mm/min 2%V ME 0. 075 mm 15000 rpm
s T B I =X — fuEAlEh (& 7 =L b X7 GA2253
150mm/min 25V i 0. 05 mm
BB S
5000 rpm #L-DFF 0.51 N
i N R BATKOWSKI Baikalox 1.0 um 7 /L X Jki -
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2,500
0
-2,5600 16
0 250 500
X i pm
(a) HIHEIDH
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0
-250
0 250 500
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45. MIZFEEEL CNC HlaE
451. mMIEE

X 4-9 \ZHE7 7 A ABUINTAEE OB A RS, ZOEEITEEN T A K722 8 HHERR
ENTWD., T—27ZKENTDHIETIREERZBX, U0 < F2kRETESH. K
X7 4N EZ T LS FTERNVZOLTFD 15 L DOX 7 3R KZITFICEEY, R

WX o THEERAHIND.

BEICREDNZNUZ ERNWZ EOBENMTHEHTH Y, Mot TU—

7 DEHZERPETE DREE FF OO EITHEO LR CHIH SN 5.

4-9 M7 574 RAEMITEEDHSME

50



SRR ONI LEELIN TS E

il

%4

4 4-10 (2. CNC 7 T A ZDONBlZ RS, ZOXEBIIFY VT~ A v D
mini-CNC COBRA 2520 T 5. $i7 74 AAUNTIEE L0 LEIMESE WD, #HE
DIEINTT T ARLEEA DO LI BT 5. YR AT =T H 5 & ) iEiE L
IMTHRZEAL D O LN, HAKEEDZZLOTE Y TEFIT WD, ElhT
=L DN RTTA U HF IS TEY, HKAKT 50000 rpm F TORIFEREL
T 5. BENCEH L TV A EER DAYy 7 Ty 23V 7 h 7= T7HIELT
W5, IS REEIX 0.625 um TH AN, 2HHAT v U T E—F DV A VO AT v/
FEREZfE > THV EM LOSMREEIL S~10 pm FEEE & 72 5.

@'
- g
& s " 1 -
’ A
A"
/ ) L&
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45.2. HER

EE 11X, 240F T nterface ftOE— 3 ay ha—/Lih— REHW- — K7
= 7HETH Y, A— FOHIEIME OmBIERTH L 7OIZHl#E 7 v 7 F A OBH%
ML THT=M, BRI TE =787 T A2 2 AMERMELPTP 8hifE) LE
I TWieholz, ZO LD 7RTS, Fim A0l LT LEH2HES 510X
5y 72N AIRE T H o 723, AFFEDHERE L iz, Lo X7 PoikEt Lz #imiik &
BUWET D7 DICHHEBRO Ay VN LR EE2flfld o 0B\ T X, T
BEMIEZ G CERERE N OMBICHBE T o MERNH L GRMEE 2o, TR
HEHOFEFIETEES 503, BEC+07 CAM v 7 Z A8y r—fb & T
RSN TR, MAICY 7 MY =72 ETH 2 L CHERENM LT Z ENRAD
Tpino Tz,

ZOZEMND, HEZREEH L. Linux T4 AV Ea2a—2 3 THD [Ubuntu
Linux 12.04 LTS] DY T ILZ A LI 2T AUIER CENET 27 Y w7 RAAL DY
7 R =7 CNC [LinuxCNC| &, E—% ULAHIIRY 2 v hEUVFANEDOT Y
2 VAT /8T LVAR— NIEEE1284 A 2 7 =—A)&FH L7z, Zick v,
TAZEREIZ NC SFBPFIHTE, MFEOa s a—2 777 0 7 ZAGEPHHTE
LHE 9o, THREOHEMIX CAD 5 —4%% CAM Y7 h v =7 THRWTIL
FMEERETHZLET, TEBREMELZREAEDENS. £77, K 411 (Z
LinuxCNC O FEITHH Z~T 72, Y7 b7 =7 CNC 725 TiEd GUI 22 TH 1,
B &~ 7 A2 THEER TR T 5 7 DEMEEIZEN TV S.

File Machine View Help

Qoo > uEUn ¢=1zFxx[Bl& b

Manual Control [F3] | MDI[FS] |

Axis: & 9] 1)

= []
I I

J4—FFEL: 100% |

Jog Speed: 16 in/min |

Max Velocity: 72 in/min |
: { Fil v VCarve Pro)

: N20 G

: N3

|No tool |F'05ition: Relative Actual

4-11 LinuxCNC Q)E{THEE
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WEICEBRORETHHALTW-E—Ygrary he— L AR—RFTE, A—FET
PV AFET D T D i@ R B A IR — ROREDHITHEIEL, £ 70 kHz ThH o
=08, V7 R THIEITIZOS XY TILZ A DAFRITHIS L TWANE G e, /3
— VTN AL a2 —F DIGERENEKATFT D, ZOIEHEE LT L ke
Ba—H DRI ARy J(BRRXF~—7 VT FDAITDOEESL, CPU 7 v/
JE DS, CPU OFEF) LT Lb—HET, ZE L TRENIONE T 28 %
KODYVTNEZALOSICIBHTEDL L E2a—FDIF ) BNUFLIZENTN G, N—
R = 7l & x5 LSV A L— RETH L0, FLHO/NT LV — MER R —
RAFHTE AR OIEBENES ThH A RIXEMNTH D, ok, 2 Ea—%DFA
HilL, AEIEREE LD TR LENRH D, T, CPU BEBETLED AT — FE
W — 27 a v 7 OFFR Y, ZHUPISEEREICR LTV v ¥ & IR
MIBWODRLRDBTZDOTHD.

IN=VFarta—H FIZETOVAT AN A2, LinuxCNC TlE, fHAIA
HHIELR L ITHER DT/ BN AR A U ZEZEPFHTE, REOGa— Reny
FUT, Ia2alb—TE, P CEEOEFHZE X RFTIEENRHIND.
HHEONC HEETIE, ~ U 7 VEETER2— RREE I, CO%OFIEIZ —F
V7 NC 2= FPHYT 55, Y7 7 =7 CNC CliE, 2 Carta—4f|T
BHLTWAEOBMEMEOR R ORESIITZA S, LR LREETHEOE T b
Thihvs.

W=V FNarCa—ZThhHI, ZIUTHNE T 5 JEIMEE N LHIE 4t
HTEMARETE D, e xE, VE—Fharbtae—J &L L THkROS—4H USB
a7 T a7 a ANy FELRETE, 74— NA—"T7 4 FOLEHE, ALK
NI —F U NDAAL vF, 7 aF VA Ny M OFWE, TEOIHELEOHE
HSORS AR R T DR VRO E &2 — 45 LTI I3 2 s O AT, KMo TEh(7 & il
ENFRETHD.
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4.6. 3D Tk

L—HMTIZH T 516 L LTOXRFERTFORA O DI, FHE M Lo
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