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DEVELOPMENT OF TRAINING CURRICULUM ON LASER WELDING PROCESS FOR
ELECTRONIC INDUSTRIAL TECHNICIANS IN AYUTTHAYA PROVINCE

AN ABSTRACT
BY
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for the Master of Education degree in Industrial Education
at Srinakharinwirot University
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Chattita Nampradit. (2004). Development of training curriculum on laser welding
process for electronic industrial technicians in Ayutthaya Province. Master
Thesis, M.Ed. (Industrial Education). Bangkok : Graduate School,
Srinakharinwirot University. Advisor Committee: Dr. Upawit Suwakantagul, Mr.

Scodchai Ngaosiprai.

The purpose of this research was to study the development of training
curriculum on laser welding process for electronic industrial technicians in Ayutthaya
province by evaluating potential laser welding assembly from questionnaire of
supervisor. The evaluation result is used and referenced in establishing a training
program for improving work potential. The training program is subsequently studied and
applied to the sample group of 10 workers taken from KR precision Co., LTD., The tools
applied in this research may be categorized into; An evaluation form for the need of
training for improving potential laser welding of technician; A training program for
improving potential perfformance base on the analysis of the details in questionnaires;
and potential performance appraisal in proportion analysis of an estimate of mean value
and standard deviation. The research for establishing a training program based on the
result of the evaluation of training need for knowledge and skill, the result of which is
studied and analyzed to obtain a value of mean and standard deviation, and the

compare the variation between before training and after training by means of T-test.
Result of this Research were :

1. According to the questionnaires of supervisor for improving potential on
laser welding performance of technicians for Electronic Industriat in Ayutthaya province
on qualification as, work knowledge and skill about laser safety, element of laser and

procedure of laser welding.

2. Improvement potential on laser welding performance of technicians for
Electronic Industrial in Ayutthaya province as knowledge and skill higher than before

training at 0.5 significant level.

3.The effectiveness of the curriculum Laser welding was 90.00/91.25 and was

higher than the criterion of 80/80 as hypothesized.
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LASER WELDING




1. Laser
(1aL0s)

1. Laser : Basic concept

o LASER (Light Amplification Stimulated by the
Emission of Radiation)

msvenodayiuuas Tasmilaseuaauuins ui

Laser JaannAanane ]Spaﬂm

)

(a)

Figure 1. Coherent & incoherent light
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1.1 Element of Laser

4—-—-———-——-—-—4 aouUfidasloiuwned
< [omoereet ]
oo ]
| Pumping {excitation) source ! Partially
: ' l 1 reflecting mirror
L S | A

AT S
TTITT

laser light

Fully reflecting |
rnurror |

Figure 2. The basic element ofa laser

Laser 4 type (Usztanveanaaaiwos )

d m -
0 IAIBS¥HUAVYDINTY Solid-state lasers

o Ruby
o Neodymium glass
o NA:YAG

¢ o ¥
o laosyuauna Gas lasers
Q COz
o Helium-Neon

d a . -
o laasvHavaural Liquid lasers

d o A a o -
o lA1903YHANIAIUY Semiconductor laser




. 1 4 o 3
Figure 3. AIUUANANTENINMIIFoNAITIAEBT uazmsioudivrdh
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(a) (b)
Figure 4. andnvesfedsszning
a) nmndoudoInih b) nuideudisuauames




1.2 Nd: YAG laser welding

rod
{BCInve Prcgiurm)
Frown emprs }' Frafactor
h ! / Enargy mronnor
Fuily tatloct-ng ] \.w"‘"'.v"'r ! ! Beam durmg

mrge

dan
Pulia coavrol
Wil arvd
OO supply

Figure 5. Nd: YAG laser welding

v o -
VBAVDINTIIEO3 Laser
A
+ATusIMsiey
sanufousiuda
A 3 A <
+runlumsidoudnuaziny
» .

+hivae¥udiudu

o Pulse welding,
wavelength 1.06 pm.

o Average power 15 -
over 1 KW,

| Laser Welding

r{ieﬂechrgu i

/ ----- K} NG:YAG laser t:i}::
------- CHERET) — e L Aeer ]
F—l ——J | S— )
Reflecting miror
Focus spot diameter
Objective lens focal lenglh Beam Coffimator
Beam focusing
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A Laser System
Basical understanding in a Laser system szuumsiFoudonaaos)

How Losers Work

" Laser light is generated inside the
laser resonator cavity

' Workmg Ecam
~ ; \,

' H-—-—--—-
: N
Excitation Mechanem : : ..
. / P g L ] R Output
High Reficctor p— Coupler

* The “lasing medium” can be a gas (CO,), liquid (dyc),
solid (Fo:YAG), or semiconductor (diode)

C15%2-0001 Canwargart Lnlr TeTnoiogeis

Ref:  www.convergentlaser.com

A Laser System

Understanding of Power, Peak Power, Energy, Rapettition Rate
RAN W FNINALNIURTIGA, FI501)

Laser Power Parometers

Anatomy of a laser pulse

HIRe —meee e L——-—]U‘——-——-—J

Exanple

Pulse Duration (or Pulse Widih) 350 s
e Powar=E /g 2.29 KW
Pulse Encrgy : 0.8

: J/pulse
Frequency {or Repetition Rate) H 7

pulse/s

Average Power = E 2 I 5.6 W

W FR-0001 Comrergent Lasers Tashnokz)es

Ref:  www.convergentlaser,com
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A Laser System

Understanding of Energy Density (mmuduvesiaq)

. Laser Power Parcrnetess

The energy density (or fluence) determines the
magnitude of the laser interaction

Prlse energy
Fluesire =

The spot size diameter (d)

depends on the fiber core size
(dy) and the distance berween
the distal tip and the opemating

plane (h). -

Area of spot size

dy—~
: Ay
P Wi LB
XTI

Diverpence Full Angle -25°
o -3

TV RIN0) Dornamera Lxer Ternves g

o Power density (arnuduvesiag)
= Peak Power / area

= Energy per pulse/ {pulse width
X area}

o Spot Diameter

dy = M2 [(4/m)(A)(f/D)]

M depend on TEM mode

Figure 6. dnunzyalviavesdwas
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Weld Parameter & Characteristic
(mwl5v09nTIFBLUAZANYUSYDINISIFON)

o Power
15w = 12 j/pulse x 1.2 pulse/sec
150W = 12 j/pulse x 12 pulse/sec
1500w = 12 j/puise x 120 pulse/sec

0 Peak Power

Peak Power = Energy per pulse / pulse width

12 j/ 0.001 sec
=12x10° W

Terminology in laser welding

\F,"oca {bead) widthx Und ‘
I ]
i
5 Weid
i penatrotion
i
E
1y —
g Wald tom
£ wi %«m

Figure 8. dnuaizvesgaition
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A Laser System
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5.0
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| A Laser System

uauaveIndUUIRan W

Ultraviolet light Gamma rays

AN SN

Radio. TV waves Infrared light X-reys
I i 19¢ 30°C 1972 103 g6 1018
-1 : t t b +
ch\.ﬂuencv = 7 -/ \
_ . T

— Visibla light
i Reg  Q:arge Yelaw Green

700 €00 580 560 aco
S 10 Ha Wavelength n am (7.5 x 104 Hz2t

UV 180-400 nm
IR 700nm-t mm

M 0.3mm-300 mm
R 300mm-100km

| A Laser System

Laser anusInay [nm)
He-Ne 632.8
Argon 488.0
He-Cd 441.6
Copper (CVL) 510.5
co2 10,600.0
Excimer 248.0
Dye (Rh6G) 577.0
Semiconductor 800.0
Nd:YAG 1064.1
Nd:Glass 1062.3
Ti:Al203 800.0

Cr:LiSrAlF 850.0
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AN VBINITTBU

TandpdnnuanlunisiBoniinnunindidan 1.5:1

J 3 J "o -y
o qUsnveuFeulanzdrsairosiuy “U” wio “v» Yupgiuviaveudule

(Stepped Index, Graded Index)

o d0dnaveImsiouTanzdronauaires 1¥nd191ui 50 j/pulse @ Tmsec

N1anzszAY class I uaz 1nwaa91un 70 jipulse d1M5U TanzseAl Class I

dnuazvasdsrzluntsiyes

o Penetration is function of only the ENERGY per
PULSE When fix facus nosition constant)
1

Rl

e

| 1

o AS

oec S = g

T
>

Panatration (inch)

-

(=] 0o 20 =0 “o

Erargy e (Jondea)

20

Figure 9. Penetration vs. Energy per pulse for Class I & II Metals
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Material — Laser material Processing

8

-

1

]

1

|

T

|
\ |
| H

i
2
° H !

! (Power Derslty, w/qin)

Figure 12. nnaadunasdiuved lans

A Laser System

1
a
v

TEMO9 " YEMOY TEMO2
e A~ -
" -
- _—
— -—
TEMIO TEM1L TEM12
<
ey -
-
O
- .‘-—'.
I S

TEmZ20 TEMZ1 TEM22
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Cooling rate (8asmsanaivesgangil)

% Energy Temp

T,

0.004 sec. 0.008 S€C. ..ooooeiveeiamiaieennas Time

Figure 7. Relationship Temperature Vs. Time (@wdunusszningangiifinam)

2.Laser Safety

[V w d
aNuasaNuneINULTILABDS)
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2.Laser Safety

o nsuisszdusuveunwed Classes of laser

o Meaning (mmwmtmmnjaszﬁmfu)
o Safety requirements anudesmyf
o Safety labels dhufvidunrulag

o SuAsIWOUq VINAYDT

MIULITTAUANNTUNS VB UALTDS

o International Electrotechnical Commission (IEC)
AUNs$TNNAT Electrotechnical seudnadszind (IEC))
o [EC 60825-1, 1993
o Second edition of IEC 60825-1, 2001
o Maximum Permissible Exposure (MPE)
o Maximum safe radiation levels at human eye
asiunsuifa@dsenifugan gan nnuye)
o Accessible Emission Limits (AEL)

o Function of emission duration and wave length
Aeridunesrusaliiay emission LEZAIINENIARL)
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How to classify class of laser?

| Chss X
EvauRtidn 61 R i 10 272 and Shin
in a spacific wposue studnn

Eepasiera limits !‘..‘F‘.—‘.m 2P

Classification of product
by manu 3Ca2r

Enyssion limits AZL
Hazard Classss

= Figure 40. nsufSouiouszwinmmnloeasvvesndadusia

winsg sz alsane.

Classes of laser

Laser Classification (s:duarmpusaveuaiwes)

ananasgvessnSnisviia North America wis1adail

o Class | laser product hidhduaswdosiane

o Class Ha laser product iilusuasiwasarsmidilaunsznuiv
25 3un

o Class Il laser product gnduaslasasailuszuzinaiu. (wds

<l mwatt)
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Classes of laser

o Class lil laser product ilusuasiwasarsmdiduaadil)iua,
(WA 1-5 mwatt)

o Class lllb laser product {fusuaswrsalsaaziaviia (wasatu
5-500 mwatt)

o Class IV laser product ilusuaswrealsamaziamiang oo
THITI (WHIII 5-500 mwatt)

Classes of laser

Laser Classification (i:s'l'umm‘;uuswmmwm‘)

ANNNATFINYBIYT5U 1EC 60825-1 (EN 60825-1 in Europe) 111 1Adail

' " ¥
Class | laser product lulinrudgaisaonieamazAimia

Class IM laser product finuifoiieaisua hilinadsr1mia




Classes of laser

Laser Classification

Class 2 laser product iin1u1dtReA 118171 hilivaRoRIM I

Class 2M laser product finrmfivaneanaid lulinadorImia
Class 3R laser product finmudsIrea1sqId ez AR MR
Class 3B laser product firmuidassaananhunaruazdasiimisi

Class 4 laser product iinTmfoIRoANAZUASADHIMIIT

Laser Hazard- eyes

taser-Safe:yl
Ocular hazards

LU
1 !
3002 100000

| | ]
w180 315 400
Cornea M ho:okecans
Lens . chemi
o Photochemical cataract cornesl burn

Retina

Aguesus Hare, catarace,

Photochemical & thermul retinal injury: cataract & recinal burn

Ce9-1001 Corespent Lxer Terhnotnaes
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Laser Hazard- eyes

. Laser Safely
Ocular hazards cgn result from direct,
. reflected, or scattered laser exposure

* Direct exposure

* Specular reflection

* Reflected off -

diffused surface

CEFFI001 Cmer;_-.er-l Laer Teorvalagn:

Rel:  www, convergentlascr.com

Laser Hazard- eyes

Conea Retmia

hes il & ism

Paratd rzys

Cncroad

SnigRT NeRealImINYE 14T UEUATIVIN laser.

o i b J .Q L' H I ﬂ.
*§umswRRRTUL NG REMT UMY anunlas 1dunnaimataa
JaznAuNaNanRanrilouesanioonia T

dqyAuaumaTiaema JuLsaanRmmiims wanaulugafisu Infavewas
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Laser Hazard- eyes

Co*vea Retma

Iis Shgrrant BOATEITY

Pare e reys

» Chcrad
".hqlﬁil11ﬂ1ﬂu3n‘|ﬂ§ﬂ1ﬂnﬁoﬂ’)1ﬁhc sclera. sclm—ﬁﬂﬂ'li‘h'lutﬂﬁaﬂﬂslmh‘m’l(ﬁu (lﬂu

L A L] L o e L
llﬁ'lﬂ'llﬂi)lIﬁ:'Jﬂt]I'Hﬁ')‘li\lﬂquNQ'JGﬁ'I)—ﬂ'NH'U'JUl'HaBﬂ'LISﬂll'lz"l.l‘i"N'Uil\lﬂ'l.

saruaiaud I ududunisasisduthe cormea

1 g A . - .
FANUTINYAUNNTOIANVUNOIVDIA, the retina.

Laser Hazard- eyes

-anavatipnuumassenuuu lanawisdmivms fuvue,

[} »
adualizambideanuidnueupinmiinfumoamdanie—lugduuuvearfid
w A o
dgyau—iveruesdmivnsanIm.

AN iradiance Y0IFUNMTARILU retina 79100,000 a1 InginiA1uaIW irradiance
Admivesan.

o A °
sawarad nad Invaidonamiad nier laser
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Laser Hazard- eyes

a 4. d e = o s o »
The cornea dedsfegiuueniagn. fullsila. dunseunquimuminuesat.
comea AMSO withstand Flu, IANTW, uazMINiwbuqTNAnTIIRBY. BOW
AIUYBIANTUNIIZ T comeal AIAABUIOR VB UV B lIREINY 48 F2Tan. Arume
»

=t

] A [ (] -]
Y, mild ANUTONIVIND cornea PATAYIDINIT AT

The aquegus humor A9189Uad (FAUBLHNUNTGA) J:ud11 comea
usndud. wludngmani segluatemiaaduaruiey, Aniuialesiugou
nrelureaniann thermal (Awufou) nasufad. Artvsanaimminiioudy
uniluswauion.

The lens 1sssnAssuAvumlaInruanulfmniuplineg.  sn
drulsoneures comea, Lauﬁtmmmmwuu“yq}mﬂjm. ;uma%ﬂtﬂauu
1, nsuanuifsuanug focal vaaie. AsiiRudavuniglnduasing
na.

Laser Hazard- eyes

The iris muguumqmmmmadﬁﬁ ansanm". ids Anpigmented uFagud
Agpamn, uu‘iﬁwamﬁaﬁaqumﬂ'miuninﬂm?ﬂi‘u'nmm'nmuu. fan
gJﬂvﬂuuﬂgalg iris surAaUFuTIAINFEULALADUL M TANATINT DIRIINATN
Fafursaanuuaniemn.

The pupil Asidnoglu_qudues is ruiiarmaded . yunaraInas
wanuRewdniFousamiiondu 2 uuie 7 43, ANNANATNIBIANMNAGINTY

anmuanden.  AwWandianmuaden, Slppindnipdou. A ednRuRn

dilated dniFpu (eruwelimlesgfunasaiifalugifganesanuadn) gn

- -5 = -
WAFWIUNDLNBINUT HN..

. _— A JPC PO
The vitreous humor 1T aAe gel 193ddunuRlngingudees eyeball.
duihuufaulsaruisamdanuinegiliaeean
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Laser Hazard- eyes

The, retina siyagndulviaanuiiniadniavasren. AntaTinduniia
~ua~:-nq'aﬂmm-nuaudwammq nn. retina utTy 2 1UATEN
photoreceptor (mis‘uum) AN: sruslfiuasnge. ﬂnmmuuﬂmgﬂmw

Wuafuanafudal amaudigal il wiadedgyonns The dadygnuudo
QNAIUNDAND.

The fovea namun'hnamm{ﬂn muﬂuzjﬂmwm retina. s AU
suumaummmﬂumumwa.tavnmnuqa unanRdn foveal Tithiemg 1 lno
ATURSAT laser RO DaNs iR AT IS UITOvimT,

The optic nerve Ao impulses 910 retina feauos.

Laser Hazard- eyes
Absorption of Radiation by the Eye ( VISIBLE AND UV)

(ﬂ'ﬁﬂﬂ Ullﬁ\l'llﬂiﬂ')vlﬂ'l)

> ﬁuﬁﬁlni‘lwmmaac‘uuﬁﬁ’i'u‘iummﬁ‘ha spectral vinann uyinn
A
Bu9.
o - » - » A A
> MiarduYDIMsussd taser fhuumaszduiniled  aulemoiloe

Retina

visitle and
near-itrared
{1400 nm—1 mm
and
raidcle-ultsaviolet
{130 am-315 nm)
raciation
{ansorsed mainty in
the comea)

Macuia ilea

172



Laser Hazard- eyes

Absorption of Radiation by the Eye ( Near UV )

Lens
. Retina
Ins
A A Fovea centratis )
7 / \ | tfa:u.a hstea
Hear-ullraviotet : e T
{315 nm~390 nm} r
ragizhion anc selacted %
wavelengths 1zam T B
700 10 3000 nén - N Voooss I
(azszsbed manly > i /
11 the lens)

Laser Hazard- eyes
Absorption of Radiation by the Eye (IR )

-t P o A < =
» msussIFlu Nueanulduas A (R (400 nm WD 1400 nm) ADFINAYA hazardous UAL
Aodanniga  dslasdnnlszneuRmiiumeavenn.

. * v’ ] i A . L -1 . ] . 3
Pretina agw'luﬁqﬂ, ﬁmmumniumslmimnnnqu‘lu the M1 retinal epithelium
. v + Lens
ia _ ; ] Retn3 ERliNE]
-l L] !
" = =
pr- N ) Fovea centratis "\
773, : W Macula kitea
Visiple and i % }
rear-nkaed - B e L
(400 nm—1402 nm) y
rachd-on e
{ransmitted troJgh NX g b 5=

the eye to tha retna) N Viereous J/ o T
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Laser Hazard- eyes

Example: Quantification of irradiance damage

Irradlance ofa Focused Laser Pointer Beam on the Retina

hragiznce
PRl
1003 wiem?

g
=

A7 faser NAM2-MW A1uas. aruaansansuazgnidalag cornea usadudiioses

ATUU retina 16 microns Tuiduringudnana.
Given: diameter = 16 microns
Find:

- . . . &
irradiance v retina, ANNAINT ININNATEI2 mw-nmwﬁ'agmé'auuthe

retina.

Solution: E=P/A ,2x 10 W/ T (8 x10 *cm)? = 994.7 Watt/cm?

Laser Hazard- skin

Loser Safety

Skin Hazards

1 | | 3
rm 180 3135 400 G 3000
EEE Enthcma

Acceleratal skin aging process,
Increased pigmientation

. NN  Vigment dakcing

Photostensitive reactions

Skin burn

DEFERITN Cavseeraent Lar Telhwatzgms ’

1
106000
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Laser Hazard- skin

Homiiasvi oufi neadiulddaannuas A IR (Indduvizuza) nsunfd. epidemmis
uldlageasn AcmevARy B UV uas C UV uash Aup19AdL B IR uaz CIR.
AauilassarngAniia A UV deanduiie B UV wie C UV. uiaan melanin
199 epidermis Aad yuIMIN AN ITaTuNTue T ultraviolet uuliowikee
,\ilunats, domgiileaiu derpis UV dhwip. edrelsia, Amdnouss
ANnMEDlins, nisudfideruiatutesrrematulaqiuaiinaiufisaiuaiean
AMWTOUN {AT8IN709  protective tesepidermis UWAXANA UM anely AN
dewe.

Ultraviolet nsutifadlu BUV- uaziifiae C UV auf reddening (sunburn) uaz
nmsirliinfenlunga—5idu  erythema—uaafiomiy, Erythema Re naslsing
photochemical. , nisdnaanuamiainiie UV gnitiaseminbildangyestonds
nameununndssveslsannisionds. i hifrsuzanuemadunssfudin
aaauangmnlnguaslsauniv, us B UV 1édgng implicated TaunnsFuuduou
wiks.

Laser Hazard- skin

TaslnfnisBurrasnmudonaiamial aolasers anaaggmitoulungininindu
199 I AR IR TN wiAamTanpnuiipdepn. lufaiiasgs,
nMadesAndiiiuRedamfagnRarndui assismndouiion. Biwazaou
Hewrotawddlafiscwmd@dgpitnndaies iy iluunedounisgymuise s

AduW ) ATMMLAGMIBATIUN . Equﬁagﬂmﬁﬂywmqq:ﬁuaﬁﬂ{ upBANHMaN
saaAndapleyiniy; wazufudun annlivarwingassingetpluiign. M
20NUAAINUA LM T sannzmimagnisiasisBomiiasFadaeazdu complications
Ligmiteateenulaser Wmmsidwandnilsnfiatnaneates.

nsunfed Laser awsniiuasiofionty thermally wia photochemically, t#ia
inlauanssn uranisaiuateaInus @ Ut ATTHFRIUIUMTIT B4
Funaeasiamzaiinszl ol
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Laser Hazard- skin

Laser-induced  thermal  ulatugddowdaunnfigraan@ush aAnueniaau
fursusalng 1u gnudnlaulasers CO2. Themmal pnuiiadeannsoi
anualasusaiul Auadlndaruonnafududinge, ushaAn iradiance ganin
ndrdmiusIuas laser Burrzalng.

sanadmbiaan  thermal ﬂ'_)‘.']ulﬁﬂuﬂﬂﬁaﬁ"}uﬁdt‘,ﬂﬂiase[‘sﬁﬂu:{m qu}ﬁﬂ
woudliiRapfouiiaonangh Msuas. sgnlsiaw, fineaiuldndags
unnuas lasers IR sauignld. wanudisAldygnisyniseasiusd Ay
wadwliluinntesnds 1 lu 2. uazfldliisnunmiwerpdeutitasanainisg
Auanisuarndouinsiadalnng

Laser Hazard- skin

i’uuanﬁqﬂum epidermis AD%A comeum. Thnlsznoudaeduinajussgnas. 1 corneum 1
mn‘laqﬁuﬂ:mmsqqmmﬂ F100800, AU, 0IMIA, 1ASHA W UAIIIT. i"'uf':uaqflnmn
f6IWU8 LU.Ie 20 Vv,

Ty Fuveq epidermis #8913 comeum, figniiarmsnnedufimdanda metanin dia
nmy. witendawda, iaEnmeil migrate fntthe epidermis. wanwnusomAsiudieaiy
dermis Y nEMIUATIA ultraviolet (Susft. dhuminigadumsuddad, wanwiiiiband,
SuhmonriuRsveudmiunsianudoudvesfomisssning suntanning. Faviamua

epidermis 1RA0MAEIAY0.1 . TuAumun,

The dermis, Asfifiraaniianudnnquihiitagusssisnnuiy. Mausrqetnnn
namidaifinineoius i elasticity uazadumpaiofomia. demis daiimruclaiin
e, Wudszaman, wiseenson, uatuu follicles. AeumIaiiunumd sSuiuly
madfugouugisianie. dasendmPu evaporative ninidusesiniuuaz, 1uisil,
19 excess arfou. andulszammndianuieu sensors, (fiu sensors, £1N1?
tAuam sensgrs, WAy tactle (nsduda) sensors. m-nu:fagmﬂaué“m?um?
hpfnerrestaniigonnacansuum umndrdgludstitduanuiou.
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Laser Hazard- skin

Anatomy of The Skin

‘nwanzﬂs"naumﬂmum epidermis gl um) uaz dermis (Funuls).
wgnuamluunuum-nmuamwa'lmu UANRVT AN

Straum
COrreum
1810 29 nmy

E St hg
1500 150 prmy

Hme ghund

Har 1ollcie

Safety requirements

o All laser product:

o

Protectivems tutiotloafuganiiniuenseian emissionSafety

[ 3 o &4 1 as .. a
A1uaoab interlock Tuthe Nistinuinleadud10gs2AU emission
Tunondsznn

thamssasmanuunaaiun
o <y b=l
ihedndouuuthousms

dayanuasadvlumidegiiodnseviniazuims

177



Safety requirements

o

[+]

Class lla additional requirement:

0

Class Il additional requirements to all of
the above:

[+]

Laser warning label

Key control (remove when not
use)

Beam stop to automatically
disable the laser if no access is
required

Audible or visible “laser on”
warning

Should wear protective glasses
Training recommended

Safety requirements

o

R}

Class IV requirements are identical to those
of class IIB

Avoid reflections!

o

Class 1B requirements to all of the above A e
are: : :
Remote control switch allow disabling
the laser by door circuit

Aperture label to indicate the location
of the radiation output
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Laser safety labels

DANGER

DANGER

oAl T

+ a1 =
i‘ I E AVaML EHEEa b e

4T v g aum

A CAUTION

tevvisible laxzer radiation.

00 NOT STARE
INTO BEAM.

Claan 7 tannr produsct.

nvisibie laser
radiation when open.
AYQID EXPOSURE
TOQ BEAM. !
Ciase 18 Lot prodecd :
Pt

LA afsdn 3.

R T e
L Wi memi it et vTrrme T
AT

SV mAd s hoanE

Other Hazérds

, da X v 4 . .
wasatnuniifiasul aomslfduseviauidfinrzualy  snsadurcwdugs, | fitament
Ua9R, URTEWIANT capacitor 1u gUnnd laser axasasaagAaMlUlunTINT 18I0
withstand AMNARIRQTUlingIA gAY danaanlinmsrondaulsznay.

LXPLOSION HAZARD

allmang  laser  usvagaatolWiisaiuaiesnd snnassinliuannzzanassudnnyg

a - L] A ar W [l ] - - -

A | laser asfussressginiluieldfunuduarsstinviaiuiutiasiuanu
b4 o L3

w@eveegnsmiuasgfananis.

AlfiFurdmgzninrasatzdedu laser n1anindefins laserdu ensaduarunitelely

NIOISTUIURTN.
ELECTRICAL HAZARD

an1rtdue9 fasers wiassuu laser ansougaadln i nudeafaaiulWdq.

Aatlensanimngamdndafundusioeaiinenuanald,  Aauinssquninl,  uas
UVMAIAIENRII conductors N1ENTEININ Anbzn 19450 volts uaziwuu.

x L a oY S
MnegpuganmatiaunInlnngrndgReay laser uTaNAAAY, NMTNgIng ), uas
inas, WigRalnagqu protectiye gilnsaigninwiessnsanldmadintadaulseneui fus-
g o "~ aw 1 - +

£i7
1~ O
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Other Hazards

CHEMICAL HAZARDS

1, A L -y - g - £ : li.
dasers  Atiandlianlrnauduniingesras udidafounnlizneindy,  dielu
anrrrauAuAMIszatenuila, jluuulasing nanamfulasers saanen.

Afiantinfiuilafogean toxic

- -5 [ - 7 - - 7] 3 - L

sflauaRfisntinumaninisudasgnuldo, mﬁtrmwylﬂhnmgn'l-nmamﬁ‘mmm, nag
-y » - LS

AranTaunsuidyun, uamnisnssinlasers ftiosd,

3. Tool & Equipment

P=.| 24 G
(n3esiouazailnsainly)
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3.Tool & Equipment Requirement

Jig
Laserstar specifications

BAS00 industrial Laser Beam
Analyzer

Lens cleaning paper
tiquid lens cleaning

| Tool & Equipment Requirement

Lens cleaning paper
Liquid lens cleaning

Black paper
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' Tool & Equipment Requirement

1.Equipment for PM X-Y Table

-Block OC 30
-Motor
-Sensor X-Y

2 Equipment for Laser Power & input Unit
-Ftash Lamp -Temperature
-YAG Laser -Optic Fiber Unit

-Power Meter
3.Equipment for Laser Welding Head

-Lens Output -Sensor Jig

-Air Pressure -Power Meter
4 Equipment for Take off Jig

-Blush LM 8 -Pin

-Guide Lock Base Jig-Sand paper no.400

Monitoring

o Spatial profile
o Burn paper
o Thermal image plate
o Electronic spatial profile
o Temporal profile
o Joule meter
o Energy/pulse
o Joule meter
o Average power
o Power meter
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Necessary Equipment

Goggles: Black paper
¥ Safety first with crosshair:

For target checking

o
hY
% Thermal imaging plate:

for laser beam viewing

Power meter:
for laser powerfenergy
measuring

'I_n ;u'ad Viewer

Infrared viewer : for
laser beam viewing

4. Procedure
(@unonlumsginan)
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4. Procedure

- Installation

— e T — -
—FRmar e
T~ T

« Daily Check

hem Paramater Mettod
] Vit Monitor reading
2 Ton Monitor reading
2 Toft Monitor reacting
4 Temperature Thermal digital
5 N N Pressume Pressure gago
& N? Flow Flow rato
7 Alr Pressure Prossure gage
8 Air Flow Flow rate
g Mechanical Jig Manmml move
"0 &g Cleaning IPA
" (lass Cleaning Texwize
2 Sensor Protect Manual
12 Power stabitity Visuad prociuct
14 Enanyy poak Shaar strength
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- Machine Operating

LCD panel PUSH - SW.S

EMERGENCY - S¥v KEY - SWv.

Hardware Set-Up

45 © Mirror
Laser head Beam Expander
Scanner ~—
; SA Measurement
Suspension —

>
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| Optcal Setup & Alignment

Technique

Technique:

1. Visible beam guide; He-Ne, Green etc.
Laser welding, Laser gram adjust etc.

2. Concept “ 3-points m

ake straight line”

Black paperwith |

Crosshair and needie hole,__I

T [

L
-

LY

Pulsed laser

» Short and intense pulses
* More suitable for TGM

= Adjustable parameters
- Power
- Frequency
- Pulse width
- Peak Power
- Beam size

4 - Focus

[ ]

5. Pulsed laser Vs. CW laser

CW laser

= Continuous irradiation
* More suitable for BM

= Adjustable parameters
- Power
- Beam size

- Focus

- Pussgraser
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Pulsed laser

Pulsc energy (J)

Peak power (W) = " Pulse width (s)

fTTTTTTTTT
Pulse Pulse energy (J)
energy Energy density (/m’) = ()

Average power (W)
Frequency (1/s)

Peak Pulse energy (J) =

Power
1/ Frequency

AN N

B E—— Time Time
Pulse Width
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[+]

5.Weld defect

Source of weld defects:

o 80% laser/ optic

beam delivery

o 15% Tooling/ weld geometry

o 5% Metallurgica

Appearance of the cross section of the bead

Focos icith
e (ead) w

Ty

Wl :
ponetrotcsy

Too much negative
reinforcement

o |is too high
o Defocus
o Reduce energy

Uneven negative
reinforcement

o Check spatial profile
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Insufficient penetration

oo T or.254 0
MO Bsfiow Right Side
3ed Grind

Figure 26. Insufficient penetration

Causing failure of the weld
due to mechanical stresses

Defocus
Energy don’t appropriate

Porosity

Figure 27. Porosity in weld pool

Incorrect temporal profile
Incorrect spatial profile
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Geometry related weld defect

o Third step to solve problem
o Review the geometrical tolerances
o Review the QC inspection report

» Cross-section the weld joint and observe the fit-up and joining
of the piece parts

Inspection

o In-process Inspection
o Detection of the laser energy, temporal & spatial profile

Cross-Section of Part Laser Welding

180



Visual Inspection

»
+ Visual Inspection A9 AIATIVADUTUIU ABAADI
Micro scope 1’Iﬂ1a~‘i‘llﬂ'lﬂ 10 1M1 mwwfluﬂm‘h’f’iumsmnﬂau
SV VeI LTIIMAIINMsITaIaIeT 1HEAT VO

‘lf‘I.N'I‘LI'J'Iﬂllﬂ'iﬂ&ﬂ'lllﬂaﬂﬂ'lﬂ"muﬂﬂiﬂllJJ

Defect of Laser Welding by Inspection

Wrong Assembly fe annzidusmiidlszneuniednuuzgsichi
asu ligndes ussnnndindmuaniuy

Misalignment #e amzfdudszneu wiayadeumnaunndunmishi
a1 Fumaunuiimua

Discoloration fis smuuanswesiilsinguuiieag denfoufioudy
fm'm?nlnﬁwﬁaqifu

Metal Separation fe amaziitudnnlsznevvesanudagesitsznia
fiu

Incomplete weld e anmzfyadeuuusua hiauysol

Splatter auiiin Tonsimanomsdeunsziusenuengaifounionsiduda

aguuAITeN

191



I Visual Defect

Testing of welds (msmageunisizoudouaauoes)

o Destructive Testing (DT)
o Tensile Testing
o Impact Testing
o Shear Strength of Weld
o others
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Testing of welds

Non Destructive Testing (NDT)

o Penetrant Inspection (PT)

o Magnetic Particle Inspection (MT)
o Radiographic Inspection (RT)

o Ultrasonic Inspection (UT)

o Eddy Current inspection (ET)

o Leak Testing

o Hardness Testing

Tensile Testng

¢ Round bars
a “All weld metal testing”

G | re- GAUG; LENGTH | G
i | v
IO ghnnan
] B S—
— ¢ —] SEE NOTE 2 b—r—
E

Figure 32 . Tensile testing specimen
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Tensie Testing
o Flat bars
o Usually cat at a 90° angle to the weld
&5 oo
MACHINED FLI Wi METAL
—_— i
I e e il . ’..‘ SRR _':’:;-:/
A edE
] ays S08R
=) MEYRIC
- % + T DoEs NOT EXCEED .
MILLED . MILII.,:‘IIETRE

Figure 33. Tensile testing specimen for flat plate weld

Tensile Testing

o Tensile strength = maximum load
cross-sectional area

(L— L) x100/L,

o % of Eiongation

L; = final gauge length
L, = original gauge length
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4]

Shear Strength of Weld

Transverse

Shearing strength =

Longitudinal

Shearing strength =

Maximum force
2 x width of specimen

Maximum force
Length of ruptured weld

0

1]

0

Others

Bend Testing
Testing by Etching

Fatigue Testing
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“Happy welding”
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