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Laser Engraving of Plasma Sprayed Ceramic Coatings

Se Yoon Bang”

ABSTRACT

Cerarmic—coated anilox roll for printing is resistant to corrosion and wear, and hence has enhanced life
and quality. Laser engraving is used typically for machining holes to store ink in this roll. Since engraved
hole size and shape are directly related to laser processing parameters, it is necessary to know the rela-
tionships among these parameters. In this study, the parameters for engraving of plasma sprayed ceramic
coatings with Nd:YAG laser were studied. Relationships.between hole shape and processing parameters
were analyzed. Cr,O, ceramic was found to be most suitable for Nd:YAG laser engraving. It was found
that hole depth can be increased by using higher energy pulses. Effect of using different assistant gases
was small to the final results. For better results, it was suggested to use a very stable laser with shorter
pulses and higher pulse energy.
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Cr,04-5i0, E@e] AH&AT.
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Table 1 Parameters for plagsma spraying of Cr,0;-5wt%
810, ceramics®

Powder Grit Blasting
Cr09-55i02 #48 Alumina

Plasma Spraying
Ar | Current |Distance |Spray rate|Travel speed|Overlap
(/min} | (A (mm) | (kg/hr) (m/min) | {mm)
50 500 &) 0.82 600 0.1

2.2 Hojd 715 A¥

Ao AHEE NA:YAG HolA 7137 57144
THe B E o3y en; HolA EAFEe
LumonicsAte] JK702 2delt}, & 7437= 53149
Heba A HF YA spot size ¥ beam diver-
genced] B4E 3 FA7E wAE £ A = e
o, 3AtEE FA7)9 HTEFL 75W, B2 oA
= 0.2~10J, 92%2 0.5~5ms, AMEEE T~
200Hz olWelA =4 7bedict. 48339 FAHEe

Fig. 13 24},
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Work Table x-axis

Fig. 1 Schematic diagram of laser engraving system
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Z eed 3o da-o AMAE THEE o] B394,
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= Y9 g2+ A9 square wave A4S BYS
AR meters o &3 FNE & )% Fig. 29 2
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complex pulseS A48 Fojd Reju}.
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Fig. 2 One-sector simple pulse and three—sectors
complex pulse
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HAog #d, 0.2MPacl ngsigch & A¥Ajoje W
A 279 AAE MAAATIY JY& A Egtod, o
Fole 2¥YAE A9 B nAF ol pulse
energy® W3t 7l AR 29 A= AH
EHAA 0, oA +, AR WEE Fo71E - 9] &
©.Z Ve

Table 29 Cr,0,- 5wt% Si0, A=) do|A 71¢
ARZAL A2d wolch Ho) B9 datae () R
() &L 743719 &g YA meteral X FHE 0|
A E71 A9 £ geln, (i) case 12 23
929 W3} case 2,3,4v 2 dA]e Hild B
Ao},

Table 2 Parameters for laser engraving

A¥= Cri@y-5w S0 ARY LE7tA= 02MF3 A
ER L ES] ol &= 400mm/tvin PR RNz
4N 2 3 setor® F4H comolex pulse (sector B 1.0/1.7/1.0ms)
| Case | (NDXB fifer) Cage 2 (ND*§ fllter)
| 2 | b ¢ dea}b‘c|d|c1‘gh
238 5 () | 02 | 011 00| +01[02 00
7] 8 A [ 062 [ 065 [ 06 | 0& | 066 j024 (036 Jo50 (060 (070 0T o5 Joss
Case: 3 (No filier) Case 4 (NDX4 flter)
B ajbleldle[t]g _rH_a__h_ delf]e
AHAA 7 (mm) ag 40
W71 &8 AuA) (001 looepooe]oos 0085008 [004] 0.03T 0057 0.06] 010] 0a9] 05T 045
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Cr,0;-5wt%Si0, A#a & 71Foz 35y} & =&
o] Bl Ak E= 29L Cr,0,-5wt%Si0, o &3

3.1 Cr,0, Mztel

METCO 136718 Cr,0,-5wt%8i0, A% Al#e]
A% o 500mm W9l FAE 84S 2t glo] 54
¢ AEE At AaEF3ldA Fo] AFEHAL
o o spR)o] oo i AHE ojfe] vlw Fe
Bt}

WA Fig. 39 Table 29 4824% EAQ 24
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AL BTk 289 9 AR Al A Welth & 34
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H B oA £&9 AgT £850 7Y FA9
W4 re-deposition® A& £ & Jr}h BEFE AL
= YA of ASde § $goz 937 pattern
< Bol Y& ol BEVIA =Fo| A&E F4d
AR ggkd fEeR FPHc) Fo B4 ol 3
739 ¥ (aspect ratio)7} 18T} ¥t 2 R&E Holn
AR FEe] WHo] Wl g Ag AFE & g
o} gde] AWE A 22 oA FE ASaAof
AR A2 F39E cracke] FEANUG. o] F
W% cracke] FAL A HolAFA REFL
8 AFEE AL2® crackd AAE 938 pulse
shaped] ¥3} 52 Alx3lo Boter} 4719 Ae 4
Ae % 3

(b) cross~sectional view

Fig. 3 SEM photographs of laser engraved sample (case 2g)
(NDx8 filter, velocity=400mm/min, focus at sample
surface, pulse energy from resonator=0.75J, pulse
width=1.0/1.7/1.0ms, 30Hz, assist gas=0.2MPa, N,)
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Fig.4 Effects/of focus position on hole shape

HEH o8 NDx8 filter® NDx4 filter AHAlole
CCD camera®] A A9 o]FAE 4f=280xmd ™
XY EY4go] 98 AR Jga £ ok P2
Aoz ergen, filter7t & Wl 4f=180m %
©7t 71 Adg Aer #EHY HZ o] HAE
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9 AP o] 2AAA FPHATE. ND filter= FA7E
A glass. plateF A2 714 aEH R FAAAE 9
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= 24 A3 HER filter’t fE 75l ¥lE
20| ZojAA Fr}. o]BHo g 29 A7)9 4%
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LolA . M9 FAT Zgde 4= gz
o #9 2,=-200 tme ¥, & 230] AR FURT
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2 39 olx /1 4A dEAT g9 24
°] fo] obd At st ditA R 2-2L 2F,
positive defocusing®t® FHel B3 FrhddA|w 4
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Aol BHol olz, JA HEHE FA 37 Hef wt
7% EE AR(aspect ratio, Z@e]/47 9 #H])=1
9 & 7Hgste o] Foio|ng AEY FA 24
& FLATEE 93 By

3.1.2 B2 oA o = W3}
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HH dnxe AnAor 77 dejrl FzHR
. Hx qUAS ANE ¢ FL (% 500um7A])
drilling(AF) o] o|ZAXH, taper7} 22 Al 544
7WE Fel 7HgEch.
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Az ez 7]gslo] ®do] AFA et e F
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A E 4T 7ol M 9 7185 B 4 ok oY
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o qu) tgp;\;w_a;d Emss-smﬁon {cage 3o encray

"4 ener Trom resonat:

T T ) Top view and Gross-section (case dh cnergy from resonatar=0.14]

Fig. 5 SEM photographs of the specimen showing
the effects of pulse energy on hole shape
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e, gt oz Pol AMEEHE BYRET gl 2
AR olg 9] 2] & o] 48) AeTt,

AP 249 H4 A7 (d)L T0mAP =olth. F&
HAE E(J/pulse), BAEEL W(ms), ELyES
(pulse repetition rate) S Rele}t &4,

H#29 P,=ER (Watts)
A7&Y P, =E/W (kW)
239 93 A= nd’/4

(1)
(2)
(3)

ety w9 WA go) Al 2 (B duAE
%), I (Wem)E o3 o] 38 4 vk

1=P, /A = B/ (WA) (4)

HAA T AR ZALEE FE filter A& Y|
£0F Z4HA 2. dAEIA MY quiA E4 L
AL filter® AMSE A9 filterFwol Tt oA ¢
45 F7F doldrtz 7P, ND X8 filter2] 74
% filter® AHE-81A] %E ) (no filter)e] Y27}
@8 BE, < 1/36 #F #Ar8vn F35Y, o] g
ol &8 AW AHE JUAYE L, (= 1/36) &
£ Fec. 2 W02 NDx4 filterd A%
0.065J% filterfl2 el 0.02J2] A7} FAg 2o
2 o5 0.02/0.065=4/13 9+ f4dle Aoz F
L= 1/(4/13), ARttt 2% Wge Complex
pulsed] 2% F B2E(Z sector 2 F)& o] &34
on o] A% "xo Feo] B FEE LHHA ge
. .

Table 391 91¢} & o438 Add AA A=
AUAYE 1 & 71F5e= 59 47 9 Ho|& Felsf B
°o]3, Fig. 6 filterg AH&SA &5 wek NDx4,
NDx8 filter® AH&E 9] AHe| EALEE AL
E Z7bd ©hE £33N EE B9 1349 Y
Z@ oA TR HA AR ZAEE dUAEE
golzm, AAe 547, 44 Ezol9] ¥alE Jehy
3 ek, o el ko) sl FH7A0) Frisirle &
Ag ke 2A guh. 28y 9 dole AuAA
F7F mat gAE ofRn 53] thEwkAb(multiple
reflections) &7} &3] Aolg] T/ 71A A AV,
@A ND filter AHEAS o= Fojado] g A3
A A7} A&E AU, qUALEY A, Aol
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Table 3 Comparigon of irradiation energy and hole size

NDX8 filtesr

4THid | SEBA (4554 | 7584 | D7H4 | 07 | 126G | 1285|1365 | 1485 | 148G | 1505 L5BS (1,785

Irradiation energy|
1 (Whm))

ok dia. D {um) | 610 | 810) m0 | ®o [1020] #20 | 0 | B0 | 410 | 640 (000 | 960 | Hio | w0
[Hole Hui) 710 ] g7 {540 {410 [0 ] 70 | 540 (660810 | o | jopo[ 080 6o | UG

ND ¥4 filter No filter

Iradiation snergyl

2 1284 | 1884 | 2684 )4 [E4 | 7984 | 1085 |1 5556365 | 25ES
T (Wiem)

Hole dhe D (i) | 650 ) 670 4050 [1000 ] 1140 | 1260 |1140] 430 | 70 |114.0/1140] 820 [1140] T80 | 760
[Fols deoth Hum)| 110 (220 {1410 [4130] 4400 0 {45608 140 | 680 357 0]1090] 300] 3640 460 {580
200 r T T 1000
IRRADIATION ENERGY vs HOLE SIZE

--B-- D
A 1 |
cra-- @
=150 |- ity NDX 470
& - e D E
N —— W No Fliter
=2 B
o =
% =
T
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3

£ ]
o
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Fig. 6 Effects of pulse energy on hole shape
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Fig. 7 Effects of assist gases
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o dog vRA] g Aoz g,

A9 2AS 8 £ of FA43 g ALgE A 7}
A BEIpA- A Ar, dry air- 9. 2= 2l AR
Bolnl 27t9 Ar Al & dry-airg AHEE 4 9
£ Ao gy

3.2 Al,0, 2 ALOLTIO, 42t

ALOM ALO,~TIO, Al&tH-& #olA E71349] Al
g ZYZols HAsA g1, dFHo= engraved
metallic anilox roll®] Az FTREOE AHEE= A
oz ¢34 Uk or)ME 3] olE A Fo]
A 743 %2 /e, AL 7H5E Al HeE =
Ap B shglet.

ALOM ALO,TIO, Aeteidl 3] #olA] 7k A=A,
448 222 2AAR 7HFHE T2 A 7Y
Al Y o] EAEtger, 78 2L B33 A

A F-drilling Ho] ¥ Fe9) ¢ F& A= AL £}

T3t} ALO,TIO, Ml St 2 & of Ak}
B Fgo] EAsA £8E ] ler, o)zlo] EHA ]
Wez) Foo 2R AL 98& viX 2 90k, ALO, A#
ae] A4 AAHeE @ AolAT metallic YA-EE
E-7} random3tA 7jo] o HA] TeAA 9] WF4e
2 Aol 2 71X Aoz B}, Cr,0, AgHe) Asde
o] B8] EAVF AAA oz A BHele BN Y
ol 9FE FA £ AFAT, A7) F A g A
= A2 J3E nA deid ZH a2 olA e
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o] o] FojZ g BAE £ UKt o|F YFIN] Y4 24
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7} o & wie R EqAR E7]%7} EAsn
At o= paintd] EXA 9T FAR EXsH= Ao
T AEFFo AolE 2PPL T P, T
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TR Q8 ZWEQ gag/SHE &) Yot 23
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5.2 &

Fetzrt 84 ceramic ZEE9 HolA S 9
& Al 71A Az 84 RS gaes A JlERds
AW gt ARE ids) Fejd B o g

(1) Nd:YAG #°|A 715& 9= Cr,0,-5wt%
810, A9 Agtgo] H¥srt. ALO, 2 ALO;2wt%
TiO, A9 AU Aepde] adf=e B Ao o
g WF<pol & Aol7h 91}, carbon paint § W F4E
FE 238 2¥ F 7hgehe Aol v s,

(2) A#gds H7 80-120em, Zel 30-500em7tA] <]
7o) 7V, Zole B2 JUAURE 715 o
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