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UEKAE Elektro-Optik ve Lazer Sistemleri

Calisma Alanlari
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Lazer Sistemleri

Fiber Optik
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Teknolojileri LIDAR ve

Optik
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Teknolojileri



UEKAE Elektro-Optik ve Lazer Sistemleri
Gelistirilen Uriin ve sistemler
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4kW İterbiyum Lazer Sistemi-EN.pdf
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UEKAE Elektro-Optik ve Lazer Sistemleri
Yetismis insan Kaynagi
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UEKAE Elektro-Optik ve Lazer Sistemleri
Altyapilar ve Laboratuvarlar
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YGL Arastirma ve Gelistirme Laboratuvari
YGL Optik Bilesenler Laboratuvari

YGL Etkilesim Arastirma Laboratuvari
YGL Uygulamalari Laboratuvari
Entegrasyon Laboratuvari ve Test Tluneli
LiDAR Teknolojiler Laboratuvari

Fiber Optik Sensorler Ar-Ge Laboratuvari

Optik Haberlesme Ar-Ge Laboratuvari
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YGL Kirikkale Saha Test Alani
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» Lazerler ve kullanim alanlari
» Neden Lazer Guvenligi?
» Lazer Kazalari

LASER RADIATION » Guvenli Lazer Kullanimi




Lazer Nedir?
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Bir oyuncaktan ¢cok daha fazlasi!

"for groundbreaking inventions in the field of laser physics”, in particular "for the optical tweezers and
their application to biological systems"

Arthur Ashkin B= United States

2018 Gérard Mourou | [j ] France
"for groundbreaking inventions in the field of laser physics”, in particular "for their methed of generating
high-intensity, ultra-short optical pulses"

Donna

; §+j Canada
Strickland
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Thursday 10 December, 4.30 p.m. CET
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Telekom. Optik haberlesme.

Sanayii Uretimi(kesme, kaynak, eklemeli imalat vb.)
Medikal(Go6z, dis, ameliyat vb.)

Barkod tarayicilar

Ofisler, evler (yazicilar, pointer, DVD vb)
Askeri (haberlesme, LiDAR, isaretleyici, silah)
Arastirma ’

Egitim



IIk Laze ri kim icat etti? TUBITAKBILISIMVEBILGIGUVENLIGI
Basit bir cevabi yok!

» Charles H. Townes
» Arthur L. Schawlow ...1958, fikrin patentini aldi ve yayinladi (ABD)

» Aleksandr Prokhorov... 1958, fikri yayinladi (SSCB)

» Theoder H. Maiman... 1960, ilk calisir lazeri yapti (ABD)

C. H.Townes A. Prokhorov G. Gould
Bu arada...

» Gordon Gould... 1957, fikri defterine karalamisti (ABD)

» Albert Einstein ... 1917, fikrin teorik temellerini atti.

A. Einstein



Lazer ne demek?
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Ingilizce LASER kelimesi aslinda bir akronim.

L...Light

A... Amplification by 1957, by Gordon Gould

S...Stimulated

E... Emision of

R...Radiation “ %M“%

O 0.9 Heansnp, Oftiied P. z - § L "
(a-t::z WW ¢ d.\%mz:-d.mo.

Uyariimis isimanin yayimi ile Isik gli¢lendirilmesi



Lazerler nasil calisir?
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Gaz kazan¢ ortami 6rnegi Lazer 1sini olugmasi igin;
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Lazer c¢esitleri nelerdir?

Kazan¢ Ortamina gore;

Gaz lazerler

Kimyasal lazerler

Kati Hal lazerler

Fiber lazerler

Yari iletken lazerler
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Lazer c¢esitleri nelerdir?

Dalga boyu, kazanc ortamina gore

Industrial & Scientific Lasers

_Ne*
332.4 nm
He-Ne __He-Ne Nitrogen _ 2 >
Pulse CW 632.8 nm™ | 611.9 nm 337.1 nm 8 nm
energy power o 539:.;1;1?0t_lb'@d‘ __Nd:YAG (4 "harmonic)
A R 34/ 266 nm
Kfﬂ 1 iddic ;
L 6 A nm
e Nd:YAG Yy
| ; NM Nd:YAG (tripled)
. co, 1319 nm Ruby Art 355 nm
10.6 um lodipe  He-Ne 694.3 nm 514.5 nm
1)+1w | He-Ne  13150M 17157 nm : ! ' : F. excimer
. H 3.391 pm E RS Nd:YAG i Pl L ; i 157 nm
T He-Ne : | {other hosts nm i £ 2 P : L3 :
1m) +1mw AR 1523 nmt 11047-1079 nm) ‘ i : : ; P : X-RAY
MID-INFRARED NEAR-INFRARED <« ULTRAVIOLET —— > €—>]
g 30 um 10 ‘H‘h 1um nm 800 nir T ) 400 nm 300 nm 20 M 100 nm -
1m) T 1 mw CO2z (doubled)
4.6-5.8 ym
I Dyes 0.38 ym - 1.0 ym
Pb Salts 3.3-27um
1)+1w N
CO: 9.2:414pym CO 5. 7um
| , Key
r Gas lasers Solid state lasers Il cCwemission
1k +1kw
v Excimer laser Lanthanides # pulsed emission

Noble gas laser
Metal vapor laser
Chemical laser
Molecular gas laser
Farinfrared laser

Semiconductor laser
Transition metals
Organic dye in polymer host

Liquid lasers

Dyes

laser diode bars or stacks

*‘Spectrum, Key, and Axis from
Weber, Marvin J. Handbook of
laser wavelengths, CRC Press, 1999
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Endoskopik lazer ameliyatlari
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Lazer kullanim alanlari: Sanayii
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Lazer Hedef Bulucu




TUBITAK BILGEM’de Lazer Giivenlik ?

Laser Institute
of America el Pt

August 19, 2014

Dr. Isa Kiyat

TUBITAK BILGEM

P.0. BOX: 74 Gebze

Kocaeli, Turkey 41470

Gender: Male

Date of Birth (Month/ Day/ Year): April 10, 1974
Nationality: TURKISH

Passport number: U05342425

Dear Dr. Kiyat,

On behalf of the organizing committee of the Laser Safety Officer with Hazard Analysis course
in San Diego, CA on October 20-24, 2014, we cordially invite you to attend the Laser Safety
Officer with Hazard Analysis course.

Laser Safety Officer with Hazard Analysis is presented by Laser Institute of America (LIA).
Laser Institute of America, founded in 1968, is the professional society for Laser Applications and
Safety comprised of laser researchers, manufacturers, integrators, and end users working together
toincrease the use and safe application of laser technologies.

Please note that this invitation does not include any financial assistance on the part of Laser
Institute of America and that all related expenses (including LSO or hotel registration fees) are your
responsibilty.

We look forward to seeing you in San Diego. Please contact me should you have any
further questions,

Best Regards,

Hydee Cash
LIA Education Coordinator

) o

Laser Safety Officer
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 Laser Institute of America
‘ This proclamation certifies that

Isa Kiyat

has completed Laser Institute of America’s official
Laser Safety Officer Training Course

Laser Safety: Hazards, Inspection, and Controls
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Tehlike nerde?

Laserler;
Es uyumlu (Coherent)
Tek renkli (Monochromatic)
Hizalanmis (Collimated)
Ayrica;
Gorunur ve
Gorunmeyen laser 1518

(UV, NIR, FIR)
Degisik Glicler/dalgaboylari

Surekli veya darbeli

REGULAR LIGHT

_\-\-‘-“‘1-\-\_\-\_‘—.-.
LIGHT OF ALL WAVELENGTH S \

FILTERED LIGHT
RED FILTER

LIGHT OF ONE WAVELENGTH
TRAVELING OUT OF STEP

LASER LIGHT

.

LIGHT OF ONE WAVELENGTH
TRAVELING IN STEP

TUBITAK BILISIM VE BILGI GUVENLIGI
iLERI TEKNOLOJILER ARASTIRMA MERKEZI
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Tehlike nerde?

DOGRUDAN GUNE$E BAKILMASI DOGRUDAN 1 mW He - Ne
LAZERINE BAKILMASI
l l capi=2 mm

x 160

E=0.1 W/ mm?

. E=16 W/mm?

Solar Radiation Spectrum

UV | Visible | Infrared —=
| |

Sunlight at Top of the Atmosphere

5250°C Blackbody Spectrum

Radiation at Sea Level

Absorption Bands
H,0
2 COZ H;O

Spectral Irradiance (W/m?2/nm)

0-
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)
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Tehlike nerede?

Beam diameter 0.01 cm,

Area = 0.000 0785 cm?

Irradiance 13,000,000 W/cm?
1000 watts

Beam diameter 1 cm,

Area =0.785 cm?

Beam diameter 10 cm,
Irradiance 1300 W/cm?

Area = 78.5 cm?
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Extended and Point Source Power Density at the Retina

Extended Light Source

Spot Size
I 00-400
Micrometers
10 mm
Irradlanc;
150 W/M
100 Watt Lam
Frosted Glasg Figure 3 Retina
Foveal
Point Light Source Region

Spot Size
2 Micrometers

Irradiance

1 Milliwatt Lase
r 300 Million W/M?
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Tehlike nerede?

specular reflection diffuse reflection
(scattering)

Figure 2.22. Specular and diffuse scattering, as well as mixed scattering (i.e. diffuse with
some degree of specular reflection).



Lazer (Tehlike) Siniflandirmasi
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Class 1: Zarar vermez, herhangi bir guvenlik proseduru gerektirmez.
Class 1M: Hizmeleri bir optik kullanilarak odaklanirsa tehlikeli olabilir.
Class 2: Gorundr dalgaboylarinda, disik gicli(<1 mW).
GO6z kirpma refleksi yeterli korumayi saglar.
Uzun sureli bakmak zarar verebilir.
Class 2M: Bir optik kullanilarak odaklanirsa tehlikeli olabilir
Class 3R: (bltln dalgaboylari) anlik olarak bakildiginda zarar vermezler.
Isin toplayici optik(teleskop, mercek, dirbtin vb.) ile zarar verebilirler.
Class 3B: Direkt veya yansiyan isin ciddi gb6z yaralanmalarina sebep olabilirler.
(Ornek: gériiniir dalgaboyu CW ve 5 ile 500 mW)
Yangin baslatma riski tasimazlar.
Class 4: Direkt veya yansidiktan sonra bakilmasi g6z icin zararhdir.
Ciddi yaralanmalara sebep olur.
Yayilmis (diffuse) i1sin bile zararh olabilir.
Bu lazerlerin yangin baslatabilir. Cilde zarar verebilir.



Lazer (Tehlike) Siniflandirmasi

Uzun sureli

Kisa sureli

—— (k — Diffusive Cilde
akma azara) bakma g
Yansima etkisi
Optikle Gozile Optikle Gozile
Guvenli Guvenli Guvenli Guvenli Guvenli Guvenli
Class 1
| Guvenli ! Guvenli Guvenli Guvenli
Class 1M
I | Givenli Guvenl Guvenli Guvenli
Class 2
Class 2M | I I Gvenli Guvenli Guvenli
Dusuk Dusuk -- .
Class 3R I | u.‘u u.,u Giivenli Guvenli
Risk Risk
Dusuk Dusuk
Class 3B | | I I ' ‘
Risk Risk
| I I I I I

| - Yiksek Risk
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Standartlar

<@

EC

TURK STANDARDI

TURKISH STANDARD

TS EN 60825-1

ICS 31.260; 13.110

‘ LAZER URUNLERININ GUVENLIGI - BOLUM 1: DONANIM

SINIFLANDIRMASI VE KURALLAR (IEC 60825-1:2014)
Safety of laser products - Part 1: Equipment classification and

requirements (IEC 60825-1:2014)

Table 1.1.
Electrotechnical Commission (IEC).

International laser safety standards published by the International

Reference Title

IEC 60825-1 Equipment classification, requirements and user’s guide

IEC 60825-2 Safety of optical fibre communication systems

IEC 60825-3 TR Guidance for laser displays and shows

IEC 60825-4 Laser guards

IEC 60825-5 TR Manufacturer’s checklist for IEC 60825-1

IEC 60825-6 TS Safety of products with optical sources, exclusively used for visible
information transmission to the human eye

IEC 60825-7 TS Safety of products emitting “infrared” optical radiation, exclusively
used for wireless “free air’ transmission and surveillance (NOHD <=
2.5 m)

IEC 60825-8 TR Guidelines for the safe use of medical laser equipment

IEC 60825-9 TR Compilation of maximum permissible exposure to incoherent optical
radiation

IEC 60825-10  Laser safety application guidelines and explanatory notes

TR signifies a Technical Report and TS a Technical Specification, otherwise the
document is a full standard. Users of these documents should ensure that the most
recently published version or amendment is used.

TUBITAK BILISIM VE BILGI GUVENLIGI
iLERI TEKNOLOJILER ARASTIRMA MERKEZI

e
‘;ﬁwma" ation,

’R\ Laser Institute %%
b)) of America

Laser Applications and Safeqy

L |

ROUCAT

Table 1.2. US laser safety standards published by the Laser Institute of America (LIA) on
behalf of the American National Standards Institute (ANSI).

Reference Title

ANSI Z136.1  American National Standard for the Safe Use of Lasers

ANSIZ136.2 American National Standard for the Safe Use of Optical Fiber
Communication Systems Utilizing Laser Diode and LED Sources

ANSI Z136.3 American National Standard for the Safe Use of Lasers in Health Care
Facilities

ANSIZ136.5 American National Standard for the Safe Use of Lasers in Educational
Institutions

ANSI Z136.6 American National Standard for the Safe Use of Lasers Outdoors

Users of these standards should ensure that the most recently published version is used.
The Laser Institute of America also publish a number of practical guides on various
aspects of laser safety.

—TiE

BILGEM



Standartlar

WHITE — ELUE |

WELLOW —y ELACK—
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ELAGE

WHITE — RED —

WHITE

LASER REPAIR IN PROGRESS

EOLD ELACK LETTERING

Do not Enter w'hen Light is Flashing
EYE PROTECTION REQUIRED

RED SYMEOL

|
CAUTION

YELLOW

FOSITION 1
EOLDELAGK LETTERING

FOSITIOHZ
EOLDELACK LETTERIHG

ELACK SYMEOL FOSITION =

ELACK LETTERING

DANG;ER

WHITE

FOZITIONT
EOLDELACKLETTERING

FOSITIONEZ
EOLD ELACK LETTERING

FRED SYMEOL FOSITIONZ

ELACKLETTERING

LASER RADIATION
AVOID DIRECT EYE EXPOSURE

HELIUM-NEON LASER
5 mW MAX OUTPUT at 632.8nm
CLASS lila LASER PRODUCT

AUTION

LASER RADIATION
DO NOT STARE INTO BEAM

DIODE LASER

1 mW MAX OUTPUT at 635-670 nm
CLASS Il LASER PRODUCT

LASER RADIATION

AVOID EYE OR SKIN EXPOSURE
TO DIRECT OR SCATTERED RADIATION

CARBON DIOXIDE LASER

1J MAX 100 puS PULSE at 10.6 um
CLASS IV LASER PRODUCT




MPE ve NOHD nedir?

LASER

bo

'NOHD

Moup =

Specular Reflection from the workpiece

ND T

\ h

J T —

simply folds the heam backwards from here.

(£ 4bp) :

JME)

-

v

L LA T T A R

//‘"
b, |

tJ

Table S¢. Maximum Permissible Exposure (MPE) for a Point Source Ocular Exposure
to a Laser Beam for Wavelengths from 700 nm to 1400 nm
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—y— T
[ MPE |
Wavelength ' Exposure Duration | Retina Comea Notes
2 (nm) | 1(s) | (Jem®) | (W<m®) | (Jcm ) except as noted |
| 10w’ 10 10" = ‘ — P | ]
10" ws=10" 200,107 = 2 =1 NOTEI
| 0wiose p— 3 —— — — — — — NOTE2
5-10%w 10 18Ce" "~ 10 - J B - NOTE 3
L | 1040 30,000 - Ik Co 10 |
| \ 10 w” I TP - 1 & 0 N
3 10" w0 13- 107 | 20C - 10° NOTE |
g 105010 1200 e e — —— — — —— NOTE2
E A = 13- 10%0 10 0Ccr '_li)i 7 s .
| | 10 10 30,000 T : [ soccw’ | l
2 | 1 10 ww” _4 10C > 10 ‘q s 4 . - -
ewn-et | ecewt | - | P NoTE |
‘ G [ THe0twin = - e | NotE2
, 13005 10 104 00 Cer"" 10" l . 03K, 1056/ .01 | NOTE4
410 10 | o . 7w | . 1I|A;‘_(I7 = { c i
| | 10 to 30,000 1 sec -0’ 003K, + 0.07 [W-cm ) NOTE &
NOTE 1--See Table 8a and Table 8b for limiting aperture and Table 9 for measurement aperture
NOTE 2 See Table fa for wavclength dependent correction factors O, and C and parameter K,
NOTE 3 The MPE for 10" s10 10" 5 does not inchude the fiactor €, for this wavelength range
NOTE 4 The lower MPE considering retinal and corneal effects must be chosen. The MPES must be in the same units.
NOTE 5 For durations greater than 10 s, these limits must not excoed the applicable skin MPF

[ p dcos B \
o =1 T
W\ ® MPE



Lazerlerin Biyolojik Etkileri
@GOz ve deri bolgeleri ciddi risk altindadir.
* GOz en cok goriinur ve yakin kizilotesinden etkilenir.

* Ciltte hafif kizarikliklar veya ciddi yaniklar olabilir.

* Direkt veya yansiyan lazer hiizmeleri cok ciddi goz hasarlarina
sebep olabilir.

* Her dalga boyu icin goz ve deri MPE(Maximum Permissible
Exposure)

* Isik seviyesini MPE altinda tutmak icin herturlii tedbir alinmall
(idari, teknik vb.)

@GOz ve deri korumasi idari ve teknik tedbirler yetersiz ve pratik
degilse kullanilmali.
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GoOze etkisi

L |

Figure 3.14. The part of the electromagnetic radiation spectrum of interest in laser safety.
Ultraviolet, mid- and far-infrared radiation is absorbed by the cornea and lens of the eye.
while radiation in the wavelength range 400-1400 nm is focused onto the retina, which

results in very high irradiance levels on the retina even for small beam powers.
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Goze etkisi

10
1
. g 054 {
Retina 2 f \
. . B ] 4
Conjunctiva & ]
Choroid /
00 = . . =oay T
380 400 500 600 700 780800
SCIE ra Wavelength (nm)
uv BLUE GREEN RED IR
GOI‘I‘IEH Figure 1.2. The visual sensitivity curve of the human eye.
___\isual axis
Lens___ =TT )
_________ e T e R Symmetw axis Sensory
mmumae= retina
Optic disc
Aqueous

Optic nerve J
=~ RPE (Melanin layer 5 um $)

~ Choroid

Vitreous

Figure 3.2. Schematic horizontal cross section of a human eye. Central sharp vision is
only possible in the central part of the retina, the fovea, an area with densely packed cones.

It is also interesting to note that the main refractive power of the eye is provided by the ~ Figure 3.3. Cross section through the retina (light would be incident from the top).

Note that the melanin layer in the retinal pigment epithelium (RPE) which in the visible
wavelength range absorbs practically all of the incident optical radiation is only about 5 um
thick. The choroid is the layer below the RPE which contains the choroidal blood vessels.

cornea, while the lens is mainly needed to adapt between distant and close objects.
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Figure 3.17. A range of injuries induced with a Nd:YAG laser. The white spots in the
centre are thermal burns, i.e. coagulation of retinal layers. With larger energies, holes in
the retina are produced which result either in bleeding into the vitreous, or the bleeding is
contained in the layers of the retina, which results in functional loss in the affected area.
(Photograph kindly made available by Joseph Zuclich, Northrop Grumman, TX.)
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Goze ve cilde etkisi
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Ultraviolet C (0.200-0.280 ym)

Ultraviolet B (0.280-315 ym)

Ultraviolet A (0.315-0.400 ym)

Visible (0.400-0.780 ym)

Infrared A (0.780-1.400 ym)

Infrared B (1.400-3.00 ym)

Infrared C (3.00-1000 ym)
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Goz Korumasi

Koruyucu gozliikler Lazer Guvenliginde son ¢are olmal..

Gozlukler idari ve teknik tedbirlerin yerine gegmez.

» CE Certified Laser Safety Glasses
> ANSI 2136 Certified
> Wide Selection of Wavelength Ranges

Gozlukler kazara gelen 1sindan korumak icindir

LG2 LG3

LG7 !
Carrying

Case
C€certFED N\ included

Gozlikler belli bir dalgaboyu ve gii¢/darbe enerjisi icindir.
Her kullanici icin bir gézluk bulundurulmali.

Class 4 lazerler icin yuz korumasida gerekebilir.

TUBITAK BILISIM VE BILGI GUVENLIGI
iLERI TEKNOLOJILER ARASTIRMA MERKEZI




La z e r ka z a I a rl TUBITAK BILISIM VE BiLGi GUVENLIGI _j.?.'_
ILERI TEKNOLOJILER ARASTIRMA MERKEZi \  BILGEM




TUBITAK BILISIM VE BILGI GUVENLIGI _’T;'._
ILERI TEKNOLOJILER ARASTIRMA MERKEZ| \ BILGEM

Lazer kazalari

W \\\\\“\v\n\ W

Patients with macular degeneration gradually lose their central vision because of
the growth of abnormal, leaky blood vessels in the eye.



Lazer kazalari: sebepler

On planlama eksikligi.
Guvenlik prosediirlerine uymama.
Hizalanmamis optikler.

Ekstra dikkat et!
(periskop, yansimalar, htizme bollculer vb.)

Hizalama sirasinda gozliik kullanilmamasi.

Yanhs gozluk takiimasi.

TUBITAK BILISIM VE BILGI GUVENLIGI '
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Lazer kazalari: sebepler

devam ediyor...

* Interloklarin baypas edilmesi

* HlUzmenin 6nlne yansitici malzeme konulmasi
e Egitim almadan yeni cihaz kullanmak

* Huzme harici tehlikeleri dikkate almamak

* Yuksek gerilim kaynaklarinin yanlis kullanimi

ILERI TEKNOLOJILER ARASTIRMA MERKEZI \

Fire Safety :.15
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Lazer kazalari: yagsanmis olaylar! Eh ] i

High-power
laser pointer

Low-power
laser pointer

Figure 1. Retinal Injury in a Teenage Boy and Laser Pointers.
A photograph of the fundus of the left eye (Panel A) shows central subretinal hemorrhage (arrow) and retinal ede-
ma, suggesting a break in Bruch’s membrane caused by a disruptive laser burn. A photograph of the fundus of the

Figure 2. A severs accidental laser imjury. A 20-year-old male technician defberately viewed the output right eye (Panel B) shows several hyperpigmented areas in the foveolar region (arrows). These findings are consis-
of a laser rangefinder despae reading waming lzbels and undargoing laser safety training. He reported tent with scars in the pigment epithelium as a result of a thermal laser injury. A photograph of the fundus of the left
immediate vision loss i his right eye, with soms mprovement after 5 minutss. He sought medical eye after 4 months (Panel C) shows a remaining hyperpigmented scar just beside the center of the fovea. In Panel
assistance 18 hours after the injury, 2t which time visual acuity was 20/150 00, whers there was a macular D, the hazardous laser pointer is quite similar to a harmless low-power device.

and vitreous hamorrhage. The vitreous hemorrhage cleared. and his visual acuity returned to 2070 during
the next month. After the accident, visua! acuity was 20040 0D at { year and 20/30 OD at 2 years. A, Ten
weeks afier the injury, there is 2 fullthickness maculzr hole with surrounding reinal pigment epithelium
depigmentation in the right eye. B, Ruorescein angiography documents a prominent foveal window defect
due to retinal pigmant epithelium atrophy. C, Optical coherence tomography documants a macular hole with
increasad reflectivity at ts base. This increased reflectiviy s a characterstic of Bser-induced macular

holes * It is caussed by choriocapillaris scarring, so the prognosis for visual mprovement after macular
surgary may be worse for @ser-induced than idiopathic macular holes. ®




TUBITAK BILISIM VE BILGI GUVENLIGI
iLERI TEKNOLOJILER ARASTIRMA MERKEZI

Lazer kazalari: bazi uyarilar

Lazer pointerlar genelde Class 2 sinifindadir.

Yuksek guclu bir lazer filtreler veya BE ile alt siniflara
dusurulebilir.

Mumkuin olan en dusuk lazer guctu ile calisiimalidir.

Hizalama icin dustik glicli(<1mW) gorinur lazer kullaniimali.

Kazalarin % 60 hizalama sirasinda olmaktadir.

Hizme seviyesi goz seviyesinin altinda(ayakta/oturarak) olmali.



Lazer Glivenlik Sorumlusu/Uzmani A o
Asagidakilerin saglandigindan emin olmal:

* |lgili personelin egitilmesi

. v ‘.- . . . ‘ 0 .
* Lazerlerin dogru siniflandiriimasi ~
* Lazelerin kayit altinda tutulmasi A s st ..
i & | 0|
. . . - - Certiitare of, Complcnon -
* Giivenlik ekipmanlarinin saglanmasi ' s %
- _:r“ln,.‘l""f oo -
{ & D
* Yenilazer ortamlarinin kontrol edilmesi f N
.
l“l'iq Tor 215415 ”’

* Diuzenli teftislerin yapiimasi

* Guvenli kulanim kurallarinin belirlenmesi
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Glivenli Lazer Kullanimi IL”Ei'.T#;‘K?:;'fs':.EEERB;;E::#:::L,LELKEZ.

* Lazerler dogru siniflandirilmali ve etiketlenmeli.

e Class 3R, 3B ve Class 4 lazer envanteri tutulmal.. PERSONAL
RESPONSIBILITY
* Bu lazerlerin kullanicilari kayda alinmal. AREA

* Her kullanici temel lazer glivenlik egitimi almal..

* Her lazeri kullanmak icin ayrica egitim alinmal..

* Lazer bolgeleri belirlenip uyari levhalari yerlestirilmeli. 'E

* Her lazer lab/deney/at6lye icin Lazer Calisma Plani hazirlanmali.



Gilivenli Lazer Kullanimi (Class 4 icin) :L”Ei'ﬁé‘ékf:;'fs':.c’::;;‘i::#:.ﬁ:w‘;'m

* GOzbebegini klucultmek icin ortam iyice aydinlatiimall.
* Pencereler, yansitmayan/alev almayan perdeyle kapatiimal..
* Duvarlar ve tavan a¢ik ama mat bir renge boyanmal..

* Yansiticl yuzeyli(cam vb.) mobilyalar kullanilmamal.

* Havalandirmaya dikkat edilmeli (6zellikle kimyasal varsa)
* Yangin sondiirme ekipmanlari hazir olmali.

e Elektrik kontrol sistemi dikkatle tasarlanmali.
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Bu sorulara cevap ver riskleri azalt!
* Daha dusiik guglii bir lazer kullanilabilir mi?
* Lazerin tum gucu kullanilmasa olur mu?

* Acikta hlizme gecirmekten kacinilabilir mi?

* Lazer bariyerle kapatilmis alanda kullanilabilir mi?
e Calisma tamamiyla kapatilmis bolmede yapilabilir mi?

* Huzme yolu daha kisa, yansimalar daha az olabilir mi?



Guvenli Lazer Kullanimi

Bu sorulara cevap ver riskleri azalt! (devamiu...)

Hizme dogru sonlandirildi mi?

Lazer kaynagl masaya/yere saglam tutturuldu mu?
Ortamdaki her sey gerekli mi?

Kol saati, yuzuk vb esyalari ¢ikardin mi?

Huzme giris kapisindan uzagami yoneliyor?

Her ortam ve calisma icin Risk Analizi yapildi mi?
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Huzme harici Tehlikeler

* Elektiriksel: Yuksek voltaj ve akim risk teskil eder.

* ikincil radyasonlar. @

HIGH VOLTAGE

 Duman: Lazerlerin yaktigi zarar verdigi malzemeden KEEP OUT

* Tehlikeli malzemeler: Bazi lazerlerde bulunur.

* Kryojenik sivilar: Deride yanma, ortam oksijen azalmasi.
* Yangin ve patlama: malzemeler veya basincli gazlar.

* Mekanik tehlikeler

* Gorultu
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» Lazerler calisma ortamlarinda sikca kullaniimaya baslandi.
» Dikkat edilmediginde lazerler ciddi tehlike arz etmektedir.
» Lazer bulunan ortamdaki herkes egitim almali.

> Teknik ve idari tedbirler alinmali.

»Uygun koruyucu gozliik takilmali. LASER RADIATION

»Bir calisanin LGS egitimi almasi saglanmali veya danismanlik alinmali.
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