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AVOID EXPOSURELASER
LIGHT IS EMTTED FROM THIS APERTURE
- DANGER
\ LASER RADIATION
AVOID OIRECT EYE EXPOSURE
MAX OUTPUT POWER < 100mW <= 112mW
WAVELENGTH 532nm=*=10 <= 660nm
CLASS IIT LASER PRODUCT
This product complies with 21 CFR
MADE IN CHINA
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Laser Guide Star Systems and Aircraft
Avoidance

Gustavo Rahmer

Laser Systems Engineer /LSO

Large Binocular Telescope Observatory
University of Arizona

grahmer@Ibto.org u A
W S e
LBT0 . . [

OITDA — December 2020

Public Enemy No. 1 of ground-based
astronomy
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Atmosphere

Earth > AN

Scientific object

1
é Satellite

JZiegleder

Ground

Recurring Nova T Pyxidis

PRC97-29 « ST Scl OPO « September 18, 1997
M. Shara and R. Williams (ST Scl), R. Gilmozzi (ESO) and NASA

HST « WFPC2
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Adaptive Optics to the Rescue!

Aberrated
Wavefront Beam
- Splitter

High Resolution
Image
Corrected
Wavefront

Wavefront

Wavefront
Corrector

Sensor

I Control
System

Azhar Igbal, Zhizheng Wu, Foued Ben Amara, "Closed-loop control of
magnetic fluid deformable mirrors," Opt. Express 17, 18957-18970(2009);
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Neptune (from the VLT)

.

No Adaptive optics Adaptive optics

MUSE/GALACSI ESO/P. Weilbacher (AIP)

Imaging the galactic center

The Galactic Center at 2.2 microns

Adaptive Optics
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But things are always complicated...

0.5

2
IS

2
&

2 = S
o S

Fractional sky coverage

-

0 20 40 60 80
Galactic latitude

Two choices

(1) Find science “under the lamp post”
(i.e. live within natural constraints)

(2) Make your own star!
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Laser Guide Star Milestones

» 1982: William Happer (Princeton) proposes using lasers as artificial stars
to correct atmospheric distortions (“Star Wars” classified project).

* 1985: Foy and Labeyrie (CERGA, France) publish the concept of creating
a laser guide star to extend the use of Adaptive Optics.

* 1987: The first sodium wavelength laser beam is propagated from
Mauna Kea to validate the LGS concept.

* 1991: LGS research declassified by the US Air Force.
* 1995: First astronomical science paper using LGS (Starfire Optical Range).

* 1997: First LGS operating in non-military observatories (Calar Alto
Observatory, Spain and Lick Observatory, California).

* 2004: LGS starts being used at Keck Observatory (Mauna Kea, Hawaii).

Sodium Laser Guide Star (CW, 589.2 nm)
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Rayleigh Laser Guide Star (pulsed, 532/355 nm)

Rayleigh Laser Guide Star (pulsed, 532/355 nm)

laser pulse out shutter open

Detector
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Very Large Telescope (Chile) - 4LGSF

e
/

Credit: ESO/F. Kamphues 15

Very Large Telescope (Chile) - 4LGSF

Credit: G. Hudepohl (atacamaphoto.com)/ESO
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Large Binocular Telescope (Arizona) - ARGOS

Science with LGS

NGC 4038/9

f ,". 4
The Antennae galaxies « " HST WFPRC2, visible

4

]
Qemini GeMS/GSAOI IR (JHKs)
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Science with LGS

Jason Wang
2009-07-31 _— Christian Marois

NExSS/Keck

Science with LGS

NGC 2903 / ARGOS
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Safety in LGS Operations

* Personnel/Equipment A THO?AE:XS?\ISAW

* Airplanes

* Satellites

||

ARIZONA DEPARTMENT
OF HEALTH SERVICES

21

Aircraft Safety
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Aircraft Safety

* Applicable to sodium and green lasers. UV are exempt.
* Regulated by the FAA
* FAA Advisory Circular 70-1 (2004)

* Registration process: Form 7140-1 Notice of Proposed Outdoor Laser
Operations

* Letter of Determination:
* Location
* Minimum elevation angle
« Aircraft spotters
* Coordination requirements (ATC, Military)

Aircraft Safety

* Automatic aircraft detection:
* Local radar.
* Cameras (Vis/IR).
* TBAD (Transponder-Based Aircraft Detection).
* Real-time radar data from official source (Chile).

* SAE AS6029A, “Performance Criteria for Laser Control
Measures Used for Aviation Safety” (2013).

042

2021/4/6



Transponder-Based Aircraft Detector (TBAD)

http://www.aircraft-avoid.com

25

Observatories using TBAD

* Apache Point Observatory 3.5 meter Telescope, Sunspot, New
Mexico.

* W. M. Keck Observatory 10 meter Telescope (Keck II), Mauna Kea,
Hawaii.

* W. M. Keck Observatory 10 meter Telescope (Keck I), Mauna Kea,
Hawaii.

* Gemini North 8.1 meter Telescope, Mauna Kea, Hawaii.

* Gemini South 8.1 meter Telescope, Cerro Pachon, Chile.

* Subaru 8.2 meter Telescope, Mauna Kea, Hawaii.

* The Large Binocular Telescope (twin 8.4 meter), Mt. Graham, Arizona.

* NASA MOBLAS-7 Satellite Laser Ranging station, Greenbelt,
Maryland.

* Undisclosed sites (2).

26
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TBAD Components

discriminator

decoder

TSIM =
validation!
patch antenna

phased array (7 patches)

27

TBAD Antenna “beam” patterns

Nominal Single Element Nominal Array Gain

%0 - 20 a0 20
75 15 15
60 10 : 10
45 5 s
30 o : 0
15 -5 -5
] ~10 dE -10d
15 -15 -15
30 -20 -20
-5 -5 as o F -25
60 -30 -30
75 —35 -35
90 75 60 -45 -30 -15 15 30 45 60 75 90 40 90 -75 60 45 -30 -15 0 15 30 45 60 75 90 40

Nominal Ratio

 Each patch has a broad beam (above).

* The array pattern has strong central peak.

* The array pattern also has sidelobes/nulls.

* Only in the center is the array pattern stronger
than the single patch (element).

* Requirement that array signal exceeds single-
patch signal by 5 dB results in ~15° “beam” zone.

-5

-90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90
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Lobes and Sidelobes

horizontal cut vertical cut

9 ‘ Y 9 r r

distance(km)

o3 =3 <1 o0 1 2 3 =3 —I2 -1 0 1 2 3
distance(km) distance(km)

* Beam patterns for single patch (blue) and array (green)
* Note that sidelobes are always weaker than a single patch, except main lobe

29

Beam Cuts: Ratio is the Key

" Nominal: Ratios for eps = 4.0; scale = 0.810

10
fhresh. ath dB gives ~15%’ beam & nofse immun.

= Of 1
=2
2
T
= =5

_10 b

—-15}-

—20 i i I L I I I i

0 10 20 30 40 50 60 70 80 90
angle off boresight (deg)

30
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elevation offset (deg)

TBAD operation analysis

20

15

ADS-B as seen by LBTO DX

azimuth offset (deg)

Red: “in-beam,” shuttered

Yellow: shuttered

Blue: not shuttered

Self-assessment based on transmitted lat/lon and TBAD disposition to that transmission

31
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TBAD operation analysis

»

SO prvepn by LU0 SICIOMONT

ADS 8 33 saen by LOTO 0X 20170308

L8710 0x 20170308

A0S 8 o5 seen by LBTO 0 20170310

einsmn ot 01

et e g

——AOPH ae swnry by LBTO DRCHOLPIIED, —

RR———

LN

E )

[T——

2o ADSE a5 snen by LETO DX 70170313 _

—_ADS % guveen By ANTO DILNDIN.

o I N I

s et o)
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Laser Operations

LGS Facilities around the World
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The Future of LGS

LGS on Giant Telescopes

GMT (Chile 2024) TMT (Hawaii? 20257?)

-////

1 7y,

36

ELT (Chile 2024)
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Safety requirements of optical
radiation for laser pointer

products

Seminar of SAC/TC284 and Japan OITDA

Aiping Wu
,’*‘"m'”'a* SAC/TC284 National Technical Committee 284
{ "I of Optical Radiation Safety and Laser
\ // Equipment of Standardization Administration
SIS of China
SAC /TC284

I 2 | Safety Requirement of Optical Radiation for Laser Pointers Products =
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NIDRE AR

Worldwide Assumptions

S

RNSOERINS (GIFE )

PMRIE SR

3 | Safety Requirement of Optical Radiation for Laser Pointers Products

FHEAMAEMIEY ﬁ

RABKE
AL, Ak, BN
R, BOCER. BUEER

WRBE LR
Visible and Near-Infrared Radiation

400nm — 1400nm o

A The irradiance will be 100,000 times bigger on retina L

I 4 | Safety Requirement of Optical Radiation for Laser Pointers Products
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Interview of safety concern of laser pointer products

‘WeChat_20201205205209.mp4

5 | Safety Requirement of Optical Radiation for Laser Pointers Products

mission objectives

( Focusing on the problems of laser radiation safety related to\
the output power and wavelength range of laser pointers sold in
the China market, our mission is to carry out the key technology
research on large sample, output parameter detection and safety
evaluation of laser pointers sold in the market to assess the risk
\of laser radiation damage faced by the public. )

Objectives: Form the evaluation standard for the optical
radiation safety of laser pointers products; Provide support for the
state to formulate relevant consumer goods regulations; Improve
the overall level of such products; Solve the optical radiation
\safety problems of the public in public places.

I 6 | Safety Requirement of Optical Radiation for Laser Pointers Products
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2 Research Content

> Study of the influences > Study on the evaluation
of the laser safety of of the optical radiation
laser pointers safety parameters of
By comparing and analyzing laser’pointers
the regulations and According to the characteristics
standards of international of the light source of the
and advanced countries, the consumer laser pointers, the
evaluation framework of safety parameter evaluation
influencing factors of the basis of the laser radiation
laser radiation safety of laser characteristics caused by the
pointer products is laser pointers product is studied
determined and analyzed

» Study on safety > Potential hazard
evaluation of light assessment and control
radiation of laser measures of consumer
pointers laser pointers
Based on the visible light Considering the randomness of
wavelength of 400nm "~ consumer laser products in use,
700nm, the laser pointer large sample sampling
groducts sold in the statistical comparison is made,

omestic market were taken h di f
as research object, and the and the corresponding safety
laser radiation safety requirements and measures for
evaluation was carried out. hazard control are given, which
lays the foundation for the_

formulation of the standaj

7 | Safety Requirement of Optical Radiation for Laser Pointers Products

draft. -

3 Research Background

Comparison and analysis of international and domestic standards
for laser pointers

According to the characteristics of laser pointer products, the framework of optical
radiation safety system caused by laser pointer products is studied.

Characteristic analysis of laser pointers light source

Considering the characteristics of the output power of the light source, it is
concluded that the spectrum characteristics of the laser pointers should be first
analyzed to select the corresponding type of power detector. Besides, it is
necessary to consider the problem that the output power of the laser pointers is
unstable because the the laser pointers are powered by dry battery.

Classification, maximum permissible exposure and nominal ocular
hazard distance of laser pointers

Laser pointers output wavelength that range from 400nm ~ 700nm. They are used
in different places and have different output power. Taking visible wavelength
laser pointers as the basis for selecting light source, taking different kinds of laser
pointer products sold in the domestic market as the research object, the nominal
ocular hazard distance of different types of laser pointers was determined by
measuring method, measuring calculation method and so on.

Potential hazards of laser pointers

In addition to the damage to the retina, the laser pointers will also cause dazzle
damage (visual cognition and psychological behavior). It is especially serious with
low ambient illuminance.

I 5 | Safety Requirement of Optical Radiation for Laser Pointers Products
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3 Research Background

Comparison and analysis of international and domestic
standards for laser pointers
According to the characteristics of laser pointers products, the framework of optical radiation safety
system caused by pointers products is studied.
Tablel PE of point source laser irradiation on human cornea
wavelength irradiation time IEC60825-1: 2014 ANSI Z136.1:2014
% (nm) t(s) MPE MPE
1x102t0 10 18t0-75 J/m? 1.8t075x10¢ J/cm?
400 - 450
10 to 102 100 J/m? 1x102 J/cm?
1x102 to 10 18t0-75 J/m? 1.8t075x10¢ J/cm?
450 - 500
10 to 102 100C; J/m? and 10 W/m? 1x10°3W/cm? and Cgx102 J/cm?
1x102 to 10 18t0-75 J/m? 1.8t975x10° J/cm?
500 - 700
10 to 102 10 W/m?2 o 1x103 W/cm?
Table2 MPE of extended light source laser irradiation on human cornea
wavelength irradiation time IEC60825-1: 2014 ANSI 2136.1:2014
A (nm) t(s) MPE MPE
1.3x10°to 10 18t075Cq J/m? 1.8C¢t?75x103J/cm?
100C, J/m2 Cgx102 J/cm?
ron="11mrad rons11mrad
400 - 700 (Photochemical hazards of retina) (Photochemical hazards of retina)
10 to 102
18075C, J/m?2 1.8Cet075x103 J/cm?
(tsT,) (t<T,
(Heat hazards of retina) (Heat hazards of retina)

9 | Safety Requirement of Optical Radiation for Laser Pointers Products

3 Research Background

Proceedings of the International Laser Safety Conference.

I 10 | Safety Requirement of Optical Radiation for Laser Pointers Products

Regulations for laser pointers
Nati . Regulat_iops of Sales Regulation of Import, ST oD
ion Scope of regulations . (R_estril:;t;z:ts :r:‘d“;:les) Purchase,P:sseslonRJs e hiE N e i Catar
WCAAIE Australia | / Several rule Several rule
BHF Austria ::;E:a’zg:?rs <Class 2 No
&K Canada /
#E China Laser pointers standard | <Class 2 No No
¥:H France laser facility <Class 2 <Class 2 No
#&H Germany laser facility <Class 2 Yes No
H# Japan Laser pointers <Class 2 No No
R § Korea Laser <Class 2 No No
B Norway Laser <Class 2 <Class 2 Yes
it Sweden Laser <Class 2 <Class 2 Yes
i+ Switzerland
HE UK Zitf)ztl)l/crtlgles for ordinary <Class 2 Yes No
SHE USA SLA <Class llla (IEC 3R) Yes Yes
From: Mitsuhashi, S. , Hashishin, Y. , & Murata, K. . (2017). The transformation of laser risks. ILSC 2017:
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3 Research Background

I I Characteristic analysis of laser pointers light source

According to the characteristics of the output power of the light source, it

—— is concluded that the spectrum characteristics of the laser pointers should
be first analyzed to select matched power detector types. It is necessary to
consider the problem that the output power of the laser pointers is
unstable because the laser pointers are powered by dry battery.

Typical end emitting semiconductor laser and its far field spot pattern et

= -

: J .‘
Optical resonator

[ ST S vap—

Optical gain
; " laser pointer G

\ ccp
‘*‘ ==

150cm 15cm

KSR M, M,
S L

Hest snk (p<ortact)

7 | Safety Requirement of Optical Radiation for Laser Pointers Products

3 Kesearch background

Laser pointers output wavelength that ranges from 400nm ~ 700nm.
They are used in different places and have different output power.
Taking visible wavelength laser pointers as the basis for selecting light
source, and different kinds of laser pointer products sold in the
domestic market as the research object, the nominal ocular hazard
distance of different types of laser pointers was determined by
measuring method, measuring calculation method and so on.

exposure=maximum permissible exposure )
DANGER SAFE »

I Txorp 1

1[( 4@ B
Relationship between radiant exposure and MPE Tnonp = E —a

/A

I 72 | Safety Requirement of Optical Radiation for Laser Pointers Products
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3 Research Background

IV

Potential hazards of laser pointers

For the eye injury caused by laser pointers, on the one hand, it can cause
slight retinal damage. On the other hand, it can cause disturbance to the
visual cognition and psychological behavior of personnel. This kind of
interference can occur as long as the eyes are exposed to the laser pointers
instantaneously, especially when the ambient illuminance is not sufficient.
This kind of accident will cause serious psychological impact on all kinds of

workers in the workplace.

3 | Safety Requirement of Optical Radiation for Laser Pointers Products

3 Research Background

IV Potential hazards of laser pointers

M
Conjunctiva™>:

Observer

In Figure A.1, a is the opening angle of the solid elliptical object to the eye, and 6 is the
angle of the laser source deviating from the optical axis.

Vision interfere cases: Without laser source, the target object image in the
field of view is focused on the retina, and the observer can see the target
object clearly. With laser source, the instantaneous visual effect prevent the
light from focusing on the retina, resulting in scattering. The scattering in the
direction of retina will act like a light curtain superimposed on a clear image.
In this case, this effect will reduce the contrast of the object image on the
retina, resulting in poor visual effect, that is, cause interference to the visual
cognition and psychological behavior of the personnel.

From:Dr.Craig A.Williamson Dstl Cyber and information Systesms Diviision,UK;Dr. Leon N.McLin USAF 711 HPW/RHDO,USA

/A

I 14 | Safety Requirement of Optical Radiation for Laser Pointers Products
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4 Iviain content

Scope and object

accessible emission, hazard assessment and control measures.

100K EF BTz
57 R , WO R R
B (FR
' . g
- 3 W

phue

5 | Safety Requirement of Optical Radiation for Laser Pointers Products

This standard specifies the optical radiation safety requirements for
consumer laser pointer products, including safety classification,

This standard applies to the production, testing, sales and use of the
consumer laser pointer products (referred as “laser pointer” ) that
have nominal wavelength of visible light ranges from 400nm ~ 700nm.

4 Maln Content

| Terms and definitions

laser pointer

laser pointer for consumer

reasonably foreseeable circumstances.

pointer.

manual and professional laser training is not a must.

intrabeam viewing

diffuse reflections.
accessible emission limit; AEL
The maximum accessible emission permitted within a particular class.

/A

I 16 | Safety Requirement of Optical Radiation for Laser Pointers Products

A laser product designed or used to specify a discrete point or location.

A laser pointer that is intended to be used by consumers under

Note: Emits low-power, low-divergence visible light radiation and typically hand-held, e.g., laser

Note: A laser pointer can be used properly by users who follows the product s instruction

All viewing conditions whereby the eye is exposed to the direct or
specularly reflected laser beam in contrast to viewing of, for example,
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|_| Terms and definitions

maximum permissible exposure; MPE

Level of laser radiation to which, under normal circumstances, persons
may be exposed without suffering adverse effects.

nominal ocular hazard distance; NOHD

Distance from the output aperture beyond which the beam irradiance
or radiant exposure remains below the appropriate corneal maximum
permissible exposure (MPE).

accidental visual interference

A physiological phenomenon that the visual function of human eyes is
temporarily reduced and deprived when one is accidentally irradiated
directly by bright light or strongly scattered light.

Note: Examples include disabling dazzle, flash blindness, and after-images, which may be
relieved after the bright light disappears, but can cause serious accidents if one distract or lose
control.

17 | Safety Requirement of Optical Radiation for Laser Pointers Products

4 Ivialn content

Safety Classification

(" The classification of laser indicates its potential hazards since it is specified )
based on the maximum level of laser radiation to which the product may be
exposed under normal operating conditions. The safety class of laser
products defined in 3.18 to 3.21 of GB 7247.1—2012 only address the
hazards of laser radiation to human eyes and skin.

\. J

( Due to the using characteristics of consumer laser pointer products, in
addition to the potential hazards arising from exposure to laser radiation,
laser radiation may also cause temporary visual impairments such as
dazzling, flash blindness and after-images, depending on the use condition
and ambient illuminance level.

J

Child-accessible laser pointers shall be classified in the Class 1 laser h
product.
The electrical part of the laser pointer shall comply with relevant electrical

g safety standards.

I 1§ | Safety Requirement of Optical Radiation for Laser Pointers Products
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Classification rules

To uniformly evaluate all wavelengths within the operating wavelength in
addition to the nominal wavelength, the following requirements should be
\__Meet:

a) In principle, the accessible laser radiation for wavelength of visible light
should be much greater than that of invisible light to prevent consumers
from being exposed to invisible laser radiation.
b) The accessible laser radiation of invisible light should be less than 0.1mW.
c) The following time benchmark for corresponding classification:

1). A time benchmark of 0.25s for Class 2 and Class 2M laser radiation.

2). Except the cases listed in 1), the time base is 100s.

When classifying products, the duration of each possible emission within the
time base should be considered.

19 | Safety Requirement of Optical Radiation for Laser Pointers Products

< 1viain wontent

Classification

(CIass 1 \

Laser pointer that is generally safe under reasonably foreseeable use conditions.
The exposure limit of laser radiation is not permitted to exceed the Accessible
Emission Limit (AEL) of Class 1.

Intrabeam viewing of Class 1 laser pointers which emit visible radiant energy
may still produce dazzling visual effects, particularly in low ambient illuminance.

Note: The Class 1 AELs are listed in Table 1.

('CIass ™

Laser pointer that in the wavelength range from 400 nm to 700 nm which during
operation does not exceed the AEL of Class 1. May be hazardous when used with
viewing optics instruments (low power magnifying glass or telescope).

Intrabeam viewing of Class 1 laser pointers which emit visible radiant energy may
still produce dazzling visual effects, particularly in low ambient illuminance.
Temporary visual disturbances or startle reactions can cause indirect general

/\ i\safety concerns.

20 | Safety Requirement of Optical Radiation for Laser Pointers Products
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Classification

Class 2

In the wavelength range of 400 nm to 700 nm, human-accessible laser
radiation is not permitted to exceed the AEL of Class 2 of laser pointer.
Human-accessible laser radiation is safe for the skin, but not inherently safe
for the eyes. In general, human eye is protected by a natural avoidance
response (0.25 s) to intense light.

Note: This natural avoidance response can fail if the eye is intentionally looking
directly at the beam, and can also be affected by alcohol or drug use.

The laser beam of a Class 2 laser pointer can cause dazzle, flash-blindness,
and afterimages in low ambient illumination conditions. Temporary visual
disturbances or startle reactions can cause general indirect safety concerns.

21 | Safety Requirement of Optical Radiation for Laser Pointers Products
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/A

Classification

o )

Laser pointers not exceed the AEL of Class 2 of laser pointer under certain
measurement conditions. If the collimated beam is used with viewing optics
instruments (low power magnifying glass or telescope), the natural
avoidance response does not provide sufficient protection and damage
may still occur.

The laser beam of the laser pointer from Class 2M can cause dazzle, flash-
blindness, and afterimages under low ambient illumination conditions.
Temporary visual disturbances or startle reactions can cause general

indirect safety concerns.

I 22 | Safety Requirement of Optical Radiation for Laser Pointers Products
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Accessible emission and hazard assessment

Measurement conditions

» Class 1 and 1M according to IEC 60825-1:2014, 5.3 a).
» Class 2 and 2M according to IEC 60825-1:2014 in 5.3 c).
> The shortest distance measured was 100 mm.

> Laser pointer with a solid focal point (beam waist) external to the emitted
beam should be measured and evaluated at the focal point.

Determination of accessible emission level

> The product shall be classified on the basis of that combination of output
power(s) and wavelength(s) of the accessible laser radiation over the full
range of capability during operation at any time after manufacture which
results in its allocation to the highest appropriate class.

> The evaluation shall take any reasonably foreseeable single-fault conditions
that may occur during the use of the laser pointer into account.

23 | Safety Requirement of Optical Radiation for Laser Pointers Products
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Accessible emission and hazard assessment

Accessible emission:

as a fraction 1.

Regardless of the total energy of the beam, only the energy within the
limiting aperture through a given measurement distance is considered
for classification. For this purpose, the ratio of the radiated energy
determined by using an aperture diaphragm or limiting aperture at a
distance from point L, divided by the total radiated energy is expressed

fraction
Dj

.

Dy

n=1—e

Accessible emission:

AE=nXQ

the diameter of the beam from point L

D, =D} + 2§}

To obtain the corresponding class of a laser pointer, compare the value
g of accessible emission and accessible emission limit.

I 24 | Safety Requirement of Optical Radiation for Laser Pointers Products
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Accessible emission and hazard assessment

Hazard assessment

It is usually necessary to evaluate the level of laser exposure that may occur
under all foreseeable conditions in order to ensure that the radiation level of
personnel under reasonable and predictable conditions does not exceed MPE.
Maximum Permissible Exposure (MPE)

> Wavelength;

> Duration of exposure;

> Irradiation conditions

and H. and the transformation between them is

MPE '

H
Evpe = I:IPE

L The MPE expressed by irradiance (H) and radiation dose (E) is EMPE ]

> The time reference of MPE calculation is different according to diffuse reflection
observation and in beam observation. In the visible spectrum range, the time reference
of diffuse reflection observation is 600s and that of in beam observation is 0.25 s.

25 | Safety Requirement of Optical Radiation for Laser Pointers Products
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Accessible emission and hazard assessment
Nominal Ocular Hazard Distance (NOHD)

NOHD refers to the distance from the output aperture beyond which the beam
irradiance or radiant exposure remains below the appropriate corneal maximum

permissible exposure (MPE).
1
1| 40 NE

» NOHD of intravascular viewing

LS 40 )
NoHE— p \ MPE

1
Jo ADPp )
TMPE

7, =
NOHD
b

I 26 | Safety Requirement of Optical Radiation for Laser Pointers Products
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Control Measures
Labelling

Each laser pointer shall be marked in accordance with the marking provisions of
IEC 60825-1:2014 (see 7.1 and 7.2, 7.4 and 7.9). While using, the mark should be
durable, permanent, clear and visible.

/A CAUTION

*— LAi’ER LASER

1M

IEC 1087/14 IEC 1068/14

/A CAUTION
LASER LASER |

2 2M

IEC 1070/14

IEC 107144

4 Ivialn content

Control Measures

In addition to warning label and class label, explanatory label for each
class shall also be provided.

LASER RADIATION
DO NOT STARE INTO BEAM OR POINT AT OTHERS
DO NOT VIEW BEAM DIRECTLY WITH OPTICS
CLASS 2M LASER POINTER

LASER RADIATION
DO NOT STARE INTO BEAM OR POINT AT OTHERS
CLASS 2 LASER POINTER

Class 2 laser pointer

: LASER RADIATION

CIESEEE el DO NOT STARE INTO BEAM OR POINT AT OTHERS

DO NOT VIEW BEAM DIRECTLY WITH OPTICS
CLASS 1M LASER POINTER |

\Class 1 laser pointer LASER RADIATION

DO NOT STARE INTO BEAM OR POINT AT OTHERS
CLASS 1 LASER POINTER

I 2§ | Safety Requirement of Optical Radiation for Laser Pointers Products
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Control Measures
Requirements for manufacturer

A. Manufacture of products
Control measures should be taken during the development and manufacture
of the laser pointer, including but not limited to:

The accessible emission limit of the laser pointer for consumer accessible to
children should not exceed that of a Class 1 laser pointer.

Laser pointer that has more than two wavelengths (such as invisible light
converted to visible light), should take necessary measures (e.g. use of

optical filters, etc.) to reduce the accessible radiation of the invisible light to less
than 0.1 mW, or to eliminate the presence of invisible light.

The switch must not have a continuous-on mode function.

With a safety interlock switch function.

The laser pointer can only be removed with special tools.

[
|
|
[

The laser pointer must be labeled with the appropriate label indicating
its corresponding laser class properly.

[

Properly maintain relevant technical standards and inspection records for
reference,

Other special instructions.

| 29 |Saféty Requirement of Optical Radiation for Laser Pointers Products

4 Ivialn content

Control Measures

B. Brochure Information

The manufacturer should provide the following safety communication
information in the laser pointer instruction manual.

Clearly specify the product’ s wavelength and class, and label it with
warning and description marks according to 6.1.3.

Indicate the nominal eye hazard distance and safety distance of the product

The class of the product should be greater than class 1 ,and the label
should notify that children under 14 are not allowed to use it .

1st and 2nd need to be secured by technical measures.

Give a description or diagram of the product safety interlock switch.

)
)
)
|

|
[
E
[

Provide optical radiation safety notification information, including but not
limited to the following:

1) Different class of security risks.

2) The meaning of warning labels.

I 30 | Safety Requirement of Optical Radiation for Laser Pointers Products
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NODD MDE
Eye » Eye
NOHD MPE cannot = can
: degecl de?ect
Eyeis | Eyeis object & object

at risk of | safe from
damage | damage

A.2 Diagram of the relationship between MDE and MPE

<

L e T E T T T T T TR T T T o ]

The values of MDE and NODD provide useful guidance for rapid evaluation of the
dazzling effect. They help the user quantify the degree of visual blurring and then
specify a safe operating range to maintain visual acuity. They also provide
personnel who are at risk of dazzling with the ability to select appropriate eye
protection equipment against laser and ensure the safety and effectiveness of
glare devices.

From:Dr.Craig A.Williamson Dstl Cyber and information Systesms Diviision,UK;Dr. Leon N.McLin USAF 711
HPW/RHDO,USA

57 | Safety Requirement of Optical Radiation for Laser Pointers Products

9 Lonciusion

( This standard sets requirements not only for manufacturer,\
but also for agents, testing organizations, and users. The
purpose of this standard is to enhance the industry guidelines
for manufacturers and standardize the behavior of consumers to

ensure the safety of optical radiation while promoting the

\healthy development of the industry. )

/A

I 32 | Safety Requirement of Optical Radiation for Laser Pointers Products
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o LDMblue 1000-40: 1000W @ 40 mm mrad
o LDMblue 1500-60: 1500W @ 60 mm mrad

o LDMblue 2000-60: 2000W @ 60 mm mrad

O_NFETIZHVWERERDEH ACWL—F HIRSS
ORENEHRAREEZFHHEVEERIR
OBaAVINIRNTHF AU ATFURT—

VG5H (5UET L)

it S
AR¥oF—FTvav VG7H(TUET L)

% (oserline

T—L—HDRewE
450nm (FRER) DEEREK

! ! ! ! ! ! ! ! !
100 200 300 400 | 500 600 700 800 900

JI)L—L—¥ [ 450nm

o L—YNREEHE EFR#ES IEC 60825-1
B JIS C6802

o L—HYHBRDISRSIT

1000

& (nm)

LDMblue 2'J—X
K :445+/-20nm

& VSAN/YF RIS USR2/V5AR2M/ IS5 A3R/ VS R3B/ U5 R4

o M T —L—FRIEHRETISRAUZELE-REANENDE

% laserline
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T—L—FOREHE
450nm (FRBEER) DREREK

o VS RABL G DR L%t KA
o F—XAYFIZ&BHIH
o L—HHDEEELT
o LyyH—
o (UA—OYIRUIFEEL
o REFBELESANITOERTR
o (REATH
o RETEHEITLDIEME
o L—HEERBNDHRE

o HIAERITHTEREMROM, ERRIFITHT EHRLLE
o HHREMERLEE
o L—YORERAARICHLE. AFEB~ORERE Bl AEH R, HE. BHEAEE)

B iaserine

Rt EEEL—HMI
XODyMEEBEA AL INDRIESRIV T

o J—L—H: LERRFOFALIMIFK

Laser Diode

450 nm

o J)—rL—H: EREBERICLAIFAROBRKRER

Laser Diode Active Pump Freq.
900 - Medium Conversion

1000 nm 1030-1064 nm 515-532 nm

Source: RP Photonics

zlaserline
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RHEBEL—FMI
FOJYMEEEFAM1LIMDRIEZIV T

GaN&LDEF RAYGT LA FHIRER

a elqserline
‘ \OM 1000-109,,,
[

% (oserline

Rt EEEL—HMI
FOUyMEEES AL IMNDRIRSEO—FTyS

. 2020

Released NEW !

2019 LDMblue2000-60

LDMblue1000-40
® LDMblue1500-60
2018

LDMblue1000-100
LDMblue500-60

High Power
Blue Diode Lasers

2021
EoLEAXH A

% laserline
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RitREBEHEL—FMT
LEBERIEEFRL—Y KXDELOMN?
® FELDDK K450 nmlE, FEEDFIM pmL—F KYE RS H A ORI A
ERICHEN=ONMIENBLEOTOLABRRIEETHS
*RHEDEREILOER. ERARRENTET, BRERT T TEEI50nm
TEHICWRIETSHRBLDIIEE

Absorption at T=273K
100

—Al
90 4 ——Cu
——Au
80 4
— Mo
704 —Ni
Blue: 65% Z o] —PI
(Groen: 5% pup- gy — &
3 504 —— SUS304
§ 0 ——Ta
2 ——8n
30 va IR diode laser > 1.5 kW “cutting example”
20 with low intensity
10 i
R: 6% m——

T T T T T T
200 300 400 500 600 700 800 900 1000 1100 1200

Wavelength [nm
gth [nm] Source: E. Spiesz et al., Solar Absorptances and Spectral
Reflectances of 12 Metals for Temperatures from 300 to 500 K
NASA Technical Note TN-5353, 1969

B iaserine

R A BAEL—FMT
LGEBBLEARL—T PRELDOMN?

100

Cu

— Au

— Al
——SUS 304

90 1

80

® Cu: 6% ->66% + 1100 %

70 H

® Au: 1-2% > 65 % + 3200 % 60

BN

® Al: 6% > 15% +150 %
40

® SUS: 30% = 42% +45% 304

Absorption [%]

20 A

S
10 4

0 T T
200 300 400

T T T T T
500 600 700 800 900 1000 1100 1200
Wavelength [nm]

Source: E_Spiesz et al, Solar Absorptances and Spectral
Reflectances of 12 Metals for Temperatures from 300 1o 500 K

Masa Technical Note TN-5353, 1989

Shorter wavelength = Higher absorption and process stability

zlcserline
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R LB —F NI
LEBRBLERL—Y SRELGDOMN?

IR diode laser > 1.5 kW “cutting with low il
Copper, A=1pym
_ pp M 20
< 4004 Tn
= g R EEES
< 300+ <
Z 2z
g 110 2
S 200+ 3
e o
o _g’ laseriire
S 1004 15 <
©
Q
I
0

0 500 1000 __1500.._ 2000
Temperature T (K)

o IRJEDRBERILZEDIE

% (oserline
KR EREL—FMT
RoONGamt ROMEBE
laserline
Cu, 0.5mm
P= 540 W
v= 1000 mm/min
diocus= 600 pm
e laserline
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KL —F T
MM DFSEDARE
o BiEEH:
O L—HH 51:580W

O BEEE 2 m/min
0 RIRyME:0=0,6 mm

oSG 11 umDEREE 34D B 1

o SASEDHE #90,4 mm

% (oserline

R L BL—F NI
FRL—VICLIFERE RMcEBRE

Cu 34x 11 pm
P=580 W
V=35 mm/s
;=600 pm

450nm FRL—FIZLBFEDOMIF S
o IREMDEEIZTHAR20ZLL L D RIS
o R/\WAMNENIRERIE

o RMEIKAEIZLSAZLVINT

* RIEROBELMEEAY
o RERITHULEATK

P=1200 W
v= 35 mm/s
drocis= 1000 pm

Cu03mm/
Cu 0.3 mm
P=1200 W
v=25 mm/s
drocs= 1000 pm

% laserline
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RitREJ/EL—FMT ‘ HYBRID Welding
TIL—EIRDNAT)YE T
o NATYyRR4AAEEH

IRL—Y

T74/8—aF7E: 600 pm, NA 0.12

Ay ME: 0.3 mm

L—HHA: 1kW-8kW

JIL—L—%

F7A4/A—a7F7%E: 600 um (or 1000 pm), NA 0.22

ARy RE: 0.6 mm ( or 1mm)
L—HA: 0.3kW-2kW
gicserline
NATV YR HYBRID Welding

Keyhole welding 1 + 2 mm overlap

N

& 1000 + 3000 W > 1.45 mm

B oseiine B oseiine

-
l B oseiine

Confidential

% |aserline

1000 + 4000 W > 2.36 mm =
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NATVYRBE

EAMFE ~NTEVARE

B (aserline

1000 W Blue

2000 W IR

1 mm/ 0.3 mm spotsize
300ms

Static weld

Almost spatter free

HYBRID Welding

B iaserine

Outline

BHATIL—FEERL—FOMIEAE L—YREH

o L—H4—54ITDVT
O LEEL—YLEDIEAB

O EH AT IL—L—HURIEEROBEEM IR
0 TN—L—H DR

oFELY

eluserline
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B NT L —E B —F EZ DML A
FEDH

o FEEXL—HDRTUIvILETEASEAH

® JL—L—HRIRBROELIEH ALEEIEEL
ERAMBANOL—ER  * G HA~DFHLLMNL
EESEMBANOL—YER *ERE/CLERIRERL
HYBRID L—H & (<& /(307 —LY)a—ay

® FREtEROHT-RHAT/LIMNDRIRBEDOH AL
SHROXHNEDBRAICKIELDHY)1—ar~DHFF

B iaserine

SHAFT AL ERL— S RIRFEMA—H—

4Ioserline

<BEEEE>

L—H -3/ KA
Ei5:03-6417-4822

E-mail: info-japan@laserline.com

elaserline
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FIE ERIBOBRFAE

3.1 HHM
L —HFOZMENZ BT A EREREL T LTV A IEC TCT76 D4, 2 a o=, 2020 4F
9 H 22 H~10 H 26 BIZHMFTVUE— MM STz, EEE(CoOBm 2R 5 5 2 CHERE
MTHDLHZEMD, FHERVED FEO-EEONFITOWVTIHRET 5,

3.2 IEC/TC 76 &
3.2.1 Plenary =&

IEC1906 S E# 5 NAMEN S4L, BADLDIIRRNE N SN, Fio, FETn 7T 0880
# WG OHERRULOFAR B -7,

ZEMABORELRHST2Z8, P AU ABNHERINT S [ETHLZ L, 4 7 BLUW LY
—FALSYDOZINTHD Z &, PREFEN 1 4k o722 L REIREE 2021 4 11 A2~V
CCBMETETH D Z LENRE SN,

3.2.2 WG1+8 (Optical radiation safety+Development and maintenance of basic standards)

HEEILE 440, 7 9= X B LU FRIT TR Sz, WG 1% 60825-1 35 & UV 24
ZH0 > Tk Y, a)AEC, b)Moving Platform, c)Laser directed at the human eye, d)UV
photochemical limits, e)Adjusting limits based on detection of pupil diameter |2 2>\ TEELE AT
L7,

FNODBEDAT ¥ a—/UFTRE > TWNDDH, DIRITHELZ KFTEELH D, & ORREN
HDHM, AL R7 7 MEH, b)IiL CD [EEH T D kIE 2ndCD, o)L CD [E&H, dIFHEFRET
IF20, I I DIREINDIEHTH D Z L afER LT,

3.2.3 WG3 (Laser radiation measurement)
Plenary Z#ELARNIC WG 1EBIfE ST, 2 E COEBRIERE DRI ST,
3.2.4 WG4 (Safety of medical laser equipment)

IEC60601-2-57 |Z DWW TIL, FEENHOEERIT/R< R 7 ME 2019 HFlor— Y —Thgf L7z
—VarDFEFETHDH I &, £72 TR60825-8 ED3 IOV TITHRAM K7 7 FIRAKREND TEL 2o
TWnW5,

3.2.5 WG5 (Safety of fibre and free space optical communications systems)

IEC60825-12 {Z>WTld, 2CD (IZ%fd % =2 A2 MZHOWT PL & LT Reject L7ZZ2oW\T
ieim L. WKIX CDV (2T e Z & % Plenary CREEEIZNT 5 B,

IEC60825-2 {2\ Tid, ED4.0 1 WG5 &4 @f& FDIS & LTl LGRSz, ED4.1 (22
WTIEIR— Ry TOMMAEIT o122 & FERMEROLE 2 G0V < ODORREDH D w7
oy gV

FDIS DOBEFET Scope DAE M FHE & BT FIREZR DA & DIRIZOWT, ASKILD D FF72203 T
IEC TO @ Rotti KA 2 Ri728 5 L 9 755 % Lo 2 & BFIAITIZ AR & KL,
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3.2.6 WG7 (High power lasers)
HEENIEE > TS 728, Co-Convenor 2MEA SiLD TIE,
3.2.7 WG9 (Non coherent sources)

GLA (BT oEBEMED X5 7226 d) 75 Covid-19 OBIMRT UV EEICBET ¥R A K
DEIBRBOEFH L, TONFIZESE IEC TC34 T PAS Z1ET 281 & 235 5703, HRILA B
TR —/R—% =22 PAS Z T D13 fakr & kL, 72, IEC TR62471-2 |3BEIE S5 2 &3
Wik S iz,

3.2.8 JTC5 (IEC TC76 IEC+ TC34 CIE % 2 f%=+CIE % 6 i DA [H TC)

2020 40 JTC5 ORI < | EBITITE A L0,

3.2.9 JWG10 (Safety of lasers and laser equipment in an industrial materials processing environment
linked to ISO/T'C 172/SC 9)

ZIVE TOREZDOWTRI, WD 1% 2021 FK0E TITIFRIN SN D RIABTH Y | ZDi%, 2 A
> M HTTIE,

3.2.10 JWG12 (Eye and face protection against laser radiation linked to ISO/TC94/SC6)

2020 - 7 H1Z Web 35035 S, ISOIEC19818-1 ® CDV (2RI T 54 TH = X 2 MIDWNT
Henm. KIX FDIS % JWG (2[RI 5 Be,

3.2.11 AAG (EEFARIZEE S

WO TD Web i, Bh1#E . F5lZ Chief of Delegate #4589 57201 bR AT LA TH

i 2 Bk S DA EA LT,

3.3 SEDREL

3. 2.2 IZFER L7 LWHESREDEN X 25| & 74— —79 5 & L b, 4% b Y E— MEIZ/2 D
AREMED BN E D, SET OXGEHIBIT AT A NRNE /0D Z L A STRICHE T 5 Z A L
35,
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F4E BHORERHEORE

4.1 BH#®

L—WHRA v 2 E@UNCHHLTH B 5720, FIFHEICN 3 28 SOEFEE) T D
S QN
W) 7 BB B & 7n %, IECICHEWTH IEC60825 Y —XICHE VT L —HFDRE
MBS
2 EFFE LR L B 0. FEIZ NS OEIFEFEICHERL L CENEZ B L o2
%
2Tk, mEICET 2 EREOAFICONT
SAC/TC284 National Technical Committee 284 of Optical Radiation Safety and Laser
Equipment of Standardization Administration of China 2> & AF L 7= HEHE O FER %
BT 5,

4.2 FPERE (LRS- EROXEBHICHT 2FEEREH]

FRLAGE DNEICOWT, FIRZ 18T 5,
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]
dal

7= N BRILFNE

[E] 5 RS

GB/T 39118—2020

L—Wa A 2 8L

DI BT 5
%I

ZREORE

Safety requirements of optical radiation

2020410 H 11 BAAR

for laser printers products

2021 45 H 1 BHtAT

SO E L,

g %
3 %
L k3

E

ESP TR Pl

INAf

= I%ﬁﬁmﬁﬁéﬁx
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GB/T 39118-2020

HiR
I SC et et 95
I BB oAttt 1
2 BB L B T Dl oo 1
3 BB TBER oo 1
B BB BIIEE oot 2
A1 BB oot 2
A2 R EE DI TE oot 2
43 BBERRN oot 2
Bid T T R ettt h e a A At A A A et s A A Attt et s et ettt st s st aee 2
4.5 BEIZ K IEEIBRI oot 3
5 BT BB OTEBREEM ..o 4
50 BEIX K TTHI U ASRIVDRETE ..ottt ensnanen 4
5.2 L BRI .ot 6
6 I B .o 9
6.1 AT —DERIETE ettt 9
6.2 AREEZEE DEIRIETE . ..ot 11
63 BRERBEBHDEERIETE . ettt 12
6.4  (EFE DERIETH ..ot 12
MEEHEA (B8) L—¥RA X OIBEHITEET DBIERIEBR ....cooooorerrceceeseeiceiesiesiieens 13
EEB (%) MPE KRUNOHD DFFEBI ..o 19
BEZETUHR oottt 21
X1 BB RRFBBIBDBIERI ..o 7
K2 E—ANEEROAFIRBEEIRBER ..o 8
M3 LVUVREBELTE—LDERZEDLETHEDOAFBEEIRBER........c..coooeeeee s 8
M4 LUAXEZELTEARKNE—L2DOEREEDEEHEADOATRIRBEZFHEEER . ........ccoocoeeeeees 9
K5  L—BFRA L FDBUET SV oot 10
K6 FTTFRAIDL—TFRA L FDTNRIVER oot 10
K7 ZFRAIMDL—FIRA L ZDTNRIVER oo 11
K8 FZTA2DU—FIRA L FDTNRIVER oot 11
K9 JFRAIMDL—FIRA L ZDTNRIVER oo 11
KAl L—HFRA U F DEREITE D L DR ..o 14
X1 A.2 MDE & MPE DBEFRE ... 15
K1 II7R1KOTFRAIMDL—FRA 2 Z OEIT K BRI Com12 e 4
K2 IFR2RVT TR IMDU—FRA U F DT BRIV oo 4
£ 3 AEL I Tl T BRI IEARE oo 4
FKa4  EEERHEETICBIT D EDABED MPEE ... 7
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£S5 MPEFHHICEWTHEAT 2R EREIORERIIT AL ..ottt 7
F2 AL BRI EE LUl R ettt 13
A2 BHE., YHFROCBEORRZBRBEONE R TIZIIT DIEEKFKIED MDE fH......ooooeeeeene 15
F A3 PR RRYT FIVBERZIRBIZL Y (L) oo 16
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GB/T 39118-2020

FF3C

ARFEEIX GB/T 1.1-2009 (T SN HHANCE ST EEINTZ DO TH 5,
AKILEONEDO—ERITEFTFICED D AREMEN B 5 = LICHEE SN2V, ACEOAEEIL Z N & DR 2 5%
BT D EEEADR,

AREAE T P [E R TSR T 5,

AEEME TR EDCR N 2 BRI LI Z B (REDEBRZ S - L—F —RIEEEEINE B S
(SAC/TC 284) N —FEEHT 5,

AFEMEO KL EEA - P EREPOLEN IR, LR TR, BRI PR EFE SN, FIEFER AR,
EZBOCAE BB L (B L — Pl EEERa Y o~ —) | PEEFBHEERAAFE 5T,
AEERED F 2k §iE - R, RERL, BRET, SPHE, $7EE. BRIZR, RRIE, B, B, a0k, PP,
EIT, HE,
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GB/T 39118-2020

V—WRA U EZEEON BT 5 R RFIH
1 #ipH

AEERE T A BB T L — R A 2 =DM LZRERFHEZTEDTZ DO TH Y | FIZLESH, T
< HUH R & fEREEAT K ORI RS 2 & d e,

AREEHE T AFRIE R 400 nm~700 nm O AIGSEEIFHN O — BB F T L—Y R A o285 (DUF, T —%FRA
VHE EWD) OARE, A, IRGENROMERICEHT 5,

2 H#L LT5IAT3F

WICHIT 2 CEIIAR L EOFEMICAARTH D, BMOERZNS 55 HCEITE T, ER SN BRI DA
EARLEICHHT 2, AFOEGLR 2V B BT AT, ZORR (B ToBMEET) 2 ARKCGEITEHT 5,

GB 7247.1-2012 v —H#IGO%4e 515 - 3o, kg

GB/T 7247.13-2018 L —V¥ #0224 5135 : L—V RGO 8EHE

GB/T 7247.14-2012 L —HV#IGE DL F148E  2—HF—HA RT7 4

IEC 60825-1:2014 L —HHLEL D2 e 5 15 %m0 %H, ZoREHIA (Safety of laser products-Part 1:Equipment

cassification an requirements)

3 HFELER

GB 7247.1-2012, GB/T 7247.13-2018, GB/T 7247.14-2012 |2 2§ SN IRITHET 2 HEE & B A A CEICHE AT
o
3.1
L—H# R A > ¥ laser pointer
HAEEM AR SUFZE MG E 2R3 2 S ITHWD L—F 8L,
3.2
—RIEEE W L —F R A > # laser pointer for consumer
BEAIC T A ARERRBUIC B W THEZ OB HICHT 5 L— R A 2,
HEL: RU=MES D BEBAP/NS WD 2 it U —RICFITF > TERT 5, #: L—3%x,
F 2 AEHENEE L OEMPHE L =T 20 72 <, BB EICE ST ERIEHTE S L —
A H,
33
v — ANEIES intrabeam viewing
A 2NES SO R BEBE TiEewy) o L—3F e — A DRE 2517 TO 5 IRTE,
34
B < e HRR A accessible emission limit; AEL
KIS % 7 T A TR SN DI KOPIE < FH &,
35
KAt E maximum permissible ezposure;MPE
ERRRDUCBNTAEN L —F =M 22T THHE LSRR EZE LWV L —P g L~UL,
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3.6
INFRIRFEZE FEBE nominal ocular hazard distance;NOHD
U — A B ST B D3RGS 5 B O AR i KRR R & FH LW\ & 2 A F TORHE,
3.7
BRI 72 R I5E accidental visual interference
HOAREICHRVGICEERKN Shv, IRWBEDCICRE Shic L 25 S D, —RrICilRp6e
T E 72T RS DA e BlAe,
BRI, PDEE KOG, 5RVOEHEAT 5 & CICREM SN D08, HEEHE LS A RRIC &
DERKRFRZS ST AREELNH D,

4 BENE

4.1 S

7 T ADMESL EVIEHF N L — PR A o ZIEET DR AT CE 2 L 518 5728, B filHRE % i
ETHZEThD, WHOL—FREOSIRITIEREN S TV Tl T 5 wTRetE D & 2 R D b — VR
VUL S s U CREET %, GB 7247.1-2012 D 318 5 321 WZED bivlz L —HF RGO L2 EO 7 7 A1,
U—Wh o B RO EIZRT 2 fERICONTORNR E LTS, —IEEF AT L—FRA &8 HORHY
I, L=V ORFHNZ X VAU DBENREROIED, b —VHEH N & DI —REICH RS 4 5] & 2 3 mlHetk:
DD EThDd, BlxiX, & PKDLEROERGOREIIME ARG R VELORERFE TCH L, ZDkd, K
BEHEINRTL—YRA X DT T RAFI T AL, 7TAIM, 7T A2, 7 TA2MDIHEETe,

L—HRA U Z OBKBMIIEEOBRZEHEITHE L2 T U b0,

4.2 BEDHHE

L—WRA U DOLREGZIAD Y T ADIERERMEE I A —— (REEELZEL) OWMETHL (6.1 M) |

4.3 AR

LU—HRA U EPARIERED & D ReE D 7 7 ANk HflEHE, RO —FIEFRERTOERFHIHE S
TLHGE, TV TAIRXGTHIENTE D, pFHAIE LT, wRICBIT 527 7 2%k (EREIR) 77 A 1,
JTAIM, 7T A2, 7T AMEMHEH LT U7z 57000,

DR EDIED, FEREZE0LR2TOREEZR— L CRHME L, RICHET 2 ZRFEZREGICEE LT
ECANSYAAN

a)  JRHIE, HEREDSRAGE L — R 252005 2 L 28T 5720, IO EOBIE < iR ATR

FHOHIE < L Z BRI S 22 0072 570,
b)  AEHENEOPIE L HHEEIX 0.1 mW & FE S 22T E 7 5720,
o)  AIEHEDFITRICHGT D RHEEELZ AT 5,
1) 400 nm~700nm O EOFFHANIZEB N TILZ 7 A 2, 7T A 2M O L—H— it ORI FEHEE 0.25s
LT 5,
2) 400 nm~700nm O FOHFANICIB T 1) RPN ORERIFEAEE 100s &35,
AT D L& W EMEN CRIAEZR MR R 2 B L 2 T il 7e B 720,

4.4 77 A
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44.1 77 A1

BHEANC TR ATBEREASELE TICBW T, BHZER L —FRA 2, NDPEEMT 5 aTREM H 5 b — W
327 7 2 1 OIT < HHRA 2 2 TIER by,

LU, OB WERE TE—2WNEHZ 5 & & KARE LTEMNS bLHEOHETER 2824 U5 et
WD, MEE AZH,

7 721 OgAE < BHERAOFEMITE 1 2],

4.4.2 77 A 1M

400 nm~700nm O FEDOFFIZIBNTZ 7 2 1 OFIL MHBRAEZ B2 5 V—V KA &, Jerasl OUIRSE
XIS ZEHLTHTE—L28EToL &, HOEEASI SR ZITAEEENRS D,

JEONREOVERBE TE—2NBIRE T 5 L&, (KRE L THNL SLEORR R B A A U D alREENH 5,
— IR 2R ST N CRUG T 5 2 LI X0 MM — RO ZeMEOREL 5| 2 Z Al REER H 5, R
EASMH,

4.4.3 JT7AR2

400 nm~700nm R FPFHANIZIBN T, AT 2 /TREMEN & D L —F 1R 7 7 R 2 O#IE < BRI 2
2O —RA &, ADNEfT D AREMER S 5 L — VB E G L TEETh 5G4, BITR LT
AERNTL A L ITR O 700, — A2 RPLZ IV T B IFIRV ORISR 9 2 BARZRBEEEROG (0.25s) %l U CRET
HZLEIWTXD,

o 29 L B EEESUSIE B B ERIIC B — AN Z BT 2 RIS W TRIR 2 R, BB U EIRIEIC &
S>THREEZT D,

JOBREEVEREETIZZ A2 DL —PRA L ZDOL—FE— LT, P E., BG4 &I mREERD
Do —REZREREL ETE N TRINT 2 2 LI X 0 MM RO ZRIEDOMELZ 5 & & Z 3 ATReER H 5,
RS A S,

4.4.4 7T A 2M

—EDORERMFICENT, 7722 THET LI HRRA 2B 0L —FRA 7, StdsRi OUIRSE
XITHES) 2l L COHTE— 2285 T 5 L&, BRREERIS T a2k gt &9, KRe LT
PETE AT D ATREMED D D,

ARGV TIZZ 7 A2 D L—FRA 2 DL —HF e —La3iE2%, PDLE. Mg 5 2w etknd
%o —HFRYRERE TN TS 5 2 LIS L MR RO LEMOREZ 5 S Z IRtk n H 5,
biE A 2,

4.5 X < B R AR

TN TATNTROT TAIMDL—WRA U H OIS HHRAZRL, K217 TRA2KENT T A2MD
L—HRA 2 OWIELS B RZ R LTz, £ 1 KO 2 THOWONAMER G RN CelTE 312260
F. HEREREE ., SV 2R O A OB AR E DT,
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£1 I7F3R1KEBZ TR IMDL—FRA v Z OIS BHEBR Ce=1°
WE ) pidant s ST ING))
S
nm 1011 ~5x10 5 x 106~10 10~102 102~3x10*
400~450 39x107)
3.9x103C; J P
450~500 77 %108 ] 7 x04075 ] RO 39X 107G W
3.9x104 W
500~700 39x10%W

s WERM L, o7 7 A 1 OERFHARIZ LIe—FRA X TIERER T RFoB L, T
XL XOBEREDPHE LD RIVOLERE (FIAE, WREEOLEERRE) 2L T8l
HIDHLE, fiRE DO T AREND D,

©AERREIIE 3 B,

b P RAPHZS 450 nm~500 nm OFE 2FEHOMA LM L, 230 L—H KA > 7 OPE < it i
B2 T ADBRET 20T NOmEHRA BBEZ TUIRER,

#£2 IR 2KENTTA2MODL—FRA U FOBITEL HRR
EE ) F R REE () %5 22 0 AEL
nm S
. 1<0.25 7 A 1@ AEL & [A
4007700 >0.25 Cex103 W
W WESREERTZ L, D27 7 A2 OERFEHEZW T LI U—FRA XL, JERGRTHEEZB X
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570 0.952
575 0.915 4
580 0.87
585 0.816 3
590 0.757
595 0.694 9
600 0.631
605 0.566 8
610 0.503
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FA3  (Fex)

?ff BARTIR A7 R LVFENhREE V(L)
615 0.4412
620 0.381
625 0.321
630 0.265
635 0.217
640 0.175
645 0.1382
650 0.107
655 0.081 6
o6 0.061
665 0.044 58
670 0.032
675 0.023 2
680 0.017
685 0.01192
690 0.008 21
695 0.005 723
700 0.004 102
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MBE B
(%)
MPE % O NOHD D F-Ef51

B.1 MPE OF&E

B 1 FRESEER L — R A & R 630nm~670 nm OFPHN, L —F D H 11730 —<5mW D4 MPE
ZEHRE X

i

L—H R A U H TR ART MVOFENICH Y . HOBERRBIE TV, [ElERE (BE) ORF
BHZHIBR U 7= B t=025s ZERAT 5 Z E N E LV, MPEHIZR 4NBHELZ N TE D, Thbb, i
F#iPH 400nm~700nm, &R £=5%10° s~10s DEE DB 2 W TR R T 5 MPE % 1.8t9x10°3)/em? &
L, TRbbH,

H wpe=1.8X0.25%7 X 10
=1,8X0,354X10"°
=0.636>X10"% J/cm*
BT RREE 2 W TR 5 MPE (Hwee) IEMPEH & FRT52 66 TES, LENR-TEHEOND DL,
MPE : H=0.636x1073 J/cm?
BRI IZ X > TR T D MPE (Bwpe) & 15572, #ECHER t=0,25s THRET 5, @212,
MPE : E =(0.636x1073 J/cm?)/(0.25s)

=2.55x107 W/cm?
EMPE =25.5 VV/Cl’l’l2

B 2 : FEEEREEER L —F R A & R 532nm, L—VDOH )T —<5 mW DA O MPE % FHE Y
£,

iR

L—H R A U H TR ART MLVOFENICH Y . HOBERRBIETII /W=, [ElERE (BE) ORF
MHCHIR U728 R t=025s 28T 5 Z ¢ M E LW, MPEEIZE 40D N TE D, T742bb,
FA4iPH 400nm~700nm, MU =5%10° s~10s OFE DFG R 2 H W TERZRT % MPE % 1.81°79x10)/cm? &

T2, TRbL,
Hupe =1.8%0.25%75x10
=1.8x0.354x10
=0.636x107 J/em?

KBRS MPE (Hwee) I MPEH & FRxTX 5, LERSTELNLDDIE,
MPE : H=0.636%10"3 J/cm?
TS HRE 2 FIW TRk 5 MPE (Emper) & 152728, FEEHFHE t=0.25s TBHE 5, Pz,

MPE : E =(0.636x107 J/cm2)/(0.25s)
=2.55%x103 W/cm?
Empe =25.5 W/cm?

PLE2oDfI G FRENL—FRA 2 JFOFEENE L —FRA 2D EICKT A MPEEIZ—%T %, 207
B, ZO MPEEZH L TETORN L — A oOfEmIcEHE 5,

B.2 NOHD DEh&

Bl fREE L —Y R A X R 532nm, L—YH ) NT —<5 mW, B — AR HE A lmrad, HE L —F E— A
DOEL Imm OB — ANBIED NOHD, J&Fdss AW 23540 NOHD K OV Fkds & W 72356 o Sk K
NOHD % FHHE+H X,
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iR

L—WRA 2T AN AT RV OFPHANICH Y . DOBRRBIE TIIRW =, [BEEEL (BE) O
RNCHEIR L7 B t=025s ZER AT 5 2 2 E LV, MPEfEIZZRA4NOHBLZ LN TE S, Thbb, ¥
E4iPH 400nm~700nm. 52Y6HERE t=5%10° s~10 s DEASOFUR Y% VW TERT S MPE % Hupel .8xt075 x 10
3Jjem?2 &5,

a)

b)

¢)

B — ANBIEZE NOHD O HEIFANX (5) 1k SE#HE T, T/hbb,

1 4P ,]7T
o= | () <]
KDL FTENTNRONEEZERT, OITHHKR, T2obbH T —5mW, aldHH L —FEe—20
EAE Imm, ¢ (X — A% HMA lmrad TH 5, B.1 D MPE OFENSE-, AHEKRE 5320m & L—H M
BB TIIRVE & FREERER 0.25s & L72HA O MPE=2.55x103w/cm? 2 /A% (5) ITfRAT 5,
BN OEBICEET D, R

1
1 4X0.005 K i . L
TNOHD = 57T |:(3’14 < 2.55% 107 ) =10 i| =1 580 cm=15.8 m

SRR & W2 5A O B — A0 NOHD OFEITARK (6) ICESEXHET D, T7hbb,

1
40 —
I'NOHD= fo 2

bo  mEwmpE

KOG ITENETNRONEZ LT, OITHHR, T720bHHT)/NT —5mW, bld B — A3 L XK
\ZEET HEL Imm TH D, Bl DO MPE OFFEN L2, AIHEHE 532nm O L—VF OB B2 T
1T & & BFBEENER 0.25s & L7238 D MPE=2.55x103W/ecm?, L > XD S iEEE% f=100mm & (&
LT, &3 (6) ITfRAT D, HLOLHITHEET D, HE

1
I'NOHD= 100 4x0.005 2 =158 cm=1.58m

1 3.14x2.55x10°
SRR & T2 5 A OBEE R B — 20 NOHD OtFIFAR (7) ICERS&§HE TS, T72bb,

Ly RO R f=100mm, &% p=60%, TOMOEME a) EEILCE L, A (7) I2f8AT 5,
HNLOEBICIEET D, R

100 4x0.005%0.6 L

INOHD= 1 3 14%2.55%10" =122 cm=1.22m
3
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NOW

GB/T 39118-2020
BE W

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

IEC 60204-1 Safety of machinery —Electrical equipment of machines —Part 1 : General requirements

IEC TR 60825-5 Safety of laser products —Part 5: Manufacturer’s checklist for IEC 60825-1

IEC TR 60825-8 Safety of laser products —Part 8: Guidelines for the safe use of laser beams on humans

IEC 61010-1 Safety requirements for electrical equipment for measurement, control, and laboratory use—Part 1 :
General requirements

ISO 11146-1 Lasers and laser-related equipment—Test methods for laser beam widths, divergence angles and beam
propagation ratios—Part 1: Stigmatic and simple astigmatic beams

ISO 13694 Optics and optical instruments—Lasers and laser-related equipment—Test methods for laser beam

power(energy) density distribution
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5.1

F5F ERNOEIMA

AREEL—FOMIRERAE L—FREEDER

94 AL —Fh LEAFHHEDIARTERDRETH BT XA LL—F = HF—FD
BREESZML 70T, UTSNRE %8+ 2,

5 94 ML —Y I TFRBERSNRE

B O, RE 11 H 26 HR W27 HD 2 HEICH72 Y |

—AEEEN L =PI THEED

FHICI VA Y T4 I TIN5 94 ML — Pl L SFHHESICSM L 72, & 2 Tk,
(% 94 WL —HFMILARFHSICE T 2L —FOMIEISH & L —FLetEos)
M) CBI L CAFLEERICOWT, UTicHET 2,

1.
1.

1.

B
5594 [n] L — PN TP i & O
1 kv va VR OTREEE O R
11 H26 H il 26A0 G
26Pn KRZX—%kviav

11H26 H Tt 26A1 e — Ll & LR

26B1 SR GE BT 0 It
26Em Web JERD

(R P80 31 1)
GEETE 2 1F)
GEETE 4 1F)
AT 4 1F)
GEE £ 4 1)
(H A E 16 #)

26A2 L —WhNI TR L IGH GREAEE3 1)

26B2 AN T
11 H27H 4ui 27A0 ity 3 v
11H27H 4% 27Em Web ERQ2

G PEEC 3 1)
GEIEEC 3 1)
(HEH% 16 #1)

27A1 TA—L —¥FoEZEcH GhREE 4 1)
27B1 il T oFER  GREE 4 1)

2 ZmEE (B0

11 A 26 HF D 26A0 HEFGEE Ly v 3 v OSMEIRK 0L TH > 7=,

11 H 27 HF D 27A0 Mgt v o a v OSME 13K 105 4 TH - 7=,

11 A 27 HF#%D 27A1 A —L —FDEEICHD £ v > a v OSINERILK 74
#HThot, MHADE TOFESSINE OIE~ ABUL 200 HAREE LHEE S W 5,
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2. AL —F o TG o B
2. 1 #tor —F ol THIGH

11 A 26 HO & IchfE & izl26A1 St e — LIl & HF D& v & 3 vicBW»T,
Py TR OHRRESS [77) — v L —F R — 47 v 7 7 4 Adf#l BrightLine
Weld i X 2o miEinEE] LEL 2508 035 > 7,

AR B 1 g ma B ORISR LTRGBS RN DMK 720 1 pm 3EFEDS
BEARP TR 2 Bk L — I X 2 AR L. BEWESPITHEBER S 0B E8 R H o 7,
—Ji. OB IIREIF &2 L R L. #l21E 500 nm FRE D PFERITRTIE 40 %
BEICRZ ZEAHMONTEY, ZORRFHOEBNI L —F ORI T,

TRUMPF i, 2 kW £ CoEHEN - B —aWE8 2 ) — v L —F%2HiHc) )V —x L,
CNFE CHEES o 728 0 BE R A R M o &V S E e AR REIC e o 72, E
7o SO TR T IARBEZCEA L Tz 2%y 2O BISA 2 R L v -2 T w7741
FHHEAT O P S E R B EITH 5 2 L BHL IR o 72,

(D) 7Y —vi—¥FoXiRaEadE GE1zKH)

BYE, TIROBEEHAAAVARIR ) — v L —F ol KE11E 4 kWERK SV R T
FAF—40], FHHITA00W)TH B, T2, Tl CW IR Y — v L —F DK
HAOE2kW TH 3,

7Y=L —=FMT7 7 AT =T, IERIEMRICK 2 7 7 4 SHTI A%
EMENIIED 720, 77 4 " RiZ, mAT20m icHIRL T3,

k., TR L~ (FEBREERE) <k, CW RIRH I 5 kW o2’ —v L —
FHRHFLNTWE (=247 A —ZFE(BPP)5.5mm *mrad TH Y, 27100 u
m, NAO.LI D774 NICTE—LFT Y ANY BA[EETH 3),

#% 1 TRUMPF #® 7' ) — v L — ¥ D FIR g Rk

T TruDisk TruDisk TruDisk TruDisk
Pulse 421 1020 1021 2021
mRAE—27H 4 kW 1 kW 1 kW 2 kW
FEH 400 W 1000 W 1000 W 2000 W
WE 515 nm 515 nm 515 nm 515 nm
2L 2R 0.3~50 ms CW CcwW Ccw
77 A NN TE > 100 um > 50um > 100um > 150um
T 7 AN —TNE 10, 20m 10, 20m 10, 20m 10, 20m
H R — P Bk 2 O/ Bk 2 TN/
Y — LT X — 2 fE 4mm - mrad 2mm * mrad 4mm -+ mrad 6mm * mrad

120




(2)

(3)

(4)

7Y — v L — 0 T T
SRS Tmm FREE % © D $H O BEEE,

M OMIEL 1 mm L B2 & F—F— VAN BETH Y, ZOHAITIE, ANy
2 DFHERTIED 72 % BrightLine Weld & FEEI T % ¥ — LZEIPEMN S IR 5,
BTE. BrightLine Weld (ZFAFE O L —+ (K 1030 nm) DWW T D ABER X
nTeHY, 7 —vI—FRHEELEEMLIA TR () —v L —FH
BrightLine Weld @ %513, S#%0FETH %),

7 — v L —F DS 0BT E) A
TRUMPF <lx, 7V —v L —¥oEmti/iftzX by, 3kW %2 RKEFEICD Y Y —RF
ETH 5,

% (BER)

HAY (B 1030nm) @ CW RIETF 4 227 L —FICH$ 5 € — L4 F )3 Y 230K
BERK7 74 SR EFERAAH T & OBRIC O W TR RIS ARICER L 72
LA, TitomEx ‘i,

TZ7ARNDATENROumDBE (RAFF742HD)

- L—¥HH 1kW R 7 74K 100 m

=¥ 2kW FR7 74K 50m

- L—¥HH 3kW TR 774E 20m
77 ARNDaTERI0um DEE (R7742HY)

- L—¥HH 3kW HR7 74 100 m

L=V 4kW FR7 74K 50m

- L—¥HH 5kW TR 7 74K 40m

- L—H¥HH 6kW TR 7 74K 20m
77 ARNDaTENSI50um DGE (R7T742HD)

- L—¥HH 6kW HR7 74 100 m

- L—¥HH 8kW HE7 74K 50m

- L—¥HH 10kW AR 7 74K 40m

s L—H¥HN 12kW HFR7 74K 20m
77 ARNOaTEN200um OEE (BEHE X774 27 L)

- L—¥HH 3kW HR7 74K 100 m

- L—¥HH 5kW HE7 74K 50m

cL—¥HH TkW HR7747KE 30m

- L—¥HH 8kW TR 7 74K 20m
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2. 2 HEL—VFohnTEGH
11 H 27 HoF#BIchfE I N [27A1 T —L —FoEEIGH]| oy v a vicBn
T, UTWCRTAH0FEERD - 7=,

2. 2.1 [FMavFvfrzxh HFEFREERL —FRHEERK—RA~— AV Y —H
H—TAICReE L APBEINSE FH0L 0]
GERET : BRAHERY CKRBROKZE  BEAREMZERT)

A o r v A2l AREZ o THOMECT AL RDELE) 27 MK
REEBREORB A HEEZE L 72 5, MOPIEME. 7 A VZAAEWALERIZ. 2 hE Tic,
ZOWRPIIRINT S, AWM 28RBHOFT V. MoFR P77 EIcHloa—
TAVIZETLEZET ME - 7ANRITE DY RT BRI T 2 DNRETEBREE O I HHR
TE %, %22 CimEEH X, SMIICIZBRE 450 nm OFBL —FBREL Tnd eFEZ, Y4
L—HF 2l oBEENT Y A7 LADFFER T ORE L —¥ a2 —7 4 v 7 Eili O bl
i T B, 2020 4EiCiE, FHERERL —FoH ) 200W (=2 7 100 m) ZEK L,

§é¥§¢v—%%ﬁ$%aLf@ﬁﬁmmﬁﬁ%ﬁﬁbtoév~&3ﬁ%vwfk—
LIMIFE~y FICHBIAATZAAL 7Y v FEASIMIEOMAEZ TV, N—RE>FC F
T 7 7K LR - 7 A VARNEWACER 0 b 2o @i - BB L —F a—7 4 v 7% FEli
L7z,

(1) HFEPEARL —F 3 BER2HAALTEAA T vy FEAMTE (1 31)
AFETH1HICNEDO FYuvx 7 F CHFEBRBEREEZRELE D,

soow e /
2 s
v.‘“.&%

an -
’ WEENGEBE®L Y-
INFE-LMIAYE

wEE@T-I0

M1 @S EEEAL - F -~y F2EEH LA 7Y v FEAITHK

1)
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(2) N=RKWoFX VT 7 TIHBEEMOD 2% a—FT 4 v
KIRKF-&v~Fx~¥ v 7 #R)iF. 600W A7)y FEAMTHEZHE >, chZ
T o TE L —FAZ LT EY > a v (LMD) fitiz b Lo, AR TR K
BE LT EERE L, A= - T2 K7 7 7 LA - PLE - 7 4 A 2R SRR
DB BIOEME - WL —Fa—T4 v 7 E2EHLE (K2 31H),
AHETH1HIKCNEDO 7u =z 7 b CHIFEBIRBEZFRE L2V,

X2 N—RE->FKFFT ) IT~Dffioa—54 v 7D

(3) BAFE L 7= H 8k L — O Hk

2018 FFIC L —H ) 100 W o F B8R L —F 2 FAFE L 7223, 2020 fFicid L —F
200 WICHER I ® 7, a7&IE100um DT, 774 NG TooNT —%EET 2.6 X 10°
W/em? & 72 ) | HEEEE L —FHRANJEE U C o RUR S % 355 L 7,

(1) SHoBF@LERL —F2EHL 2L — PN TR OB

NEDO 7uvxzZ MCT 3 7L RY U =2 Vit kniE, Y~F*~H% v 7 (#)i. 2020
FERICIE, kW BEERERL — P L F e — 2T~y F2E#HT 2 2 &c, 10 ZLE
Da—7 4V IZRELZAREE T E5 4 7Y vy FEGMTEZEFEL. 2021 Foili{tz H
LT3,

2. 2. 2 [Blue-IR "4 7Y v FL—¥Ic Xk 2 &S EdHmT]
bl T ER GEERTHEGRR TEL -V T e Y 27 b F—2L)

BHME 774 —FiE, 20EVE—LWEIC LY, BUNEEICE ST — 2 EHT
&, BGEERD R RIAR RS DB LAEETH 5, —J7, SICHT 2 IR A/
T ehrb, MEFICEED RNy 2P RMEFREIETLE S, TR LT, &
BLEIX. FEBR L 2GHEOECLERL —F L 774 L —FEHAEDE, @V
MTAE & AR DTN L 2T 2 FiEEMEL L. A%y 206 05 H Bk
Lz,
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(1)  Blue-IR~4 7'V v FL —4 BRACE™ o Fif %

HHERTEM)IZ. GaN ROFNT A4 2 MR CHDTERLLZZ L THbLNT
W 5 HHALA: T 3E (BR) 0 e i 0 S 8RR T-Bfric . WM ERA LR MR A 3 2 mE
BB, 7 7 4 S L —FEA, ROZE M e — LG e SR A GDbE S I itk Y,
Blue-IR ~4 7'V v F L —% BRACE™ %% L 7= BRACE™M D4 2 #[X] 3 12, F /=1L

FEDBEE D %K 2 1ITRT,

-
3  Blue-IR "4 7 U v FL —%# BRACE™ D44 2

%2  Blue- IR "4 7V v FL —+4 BRACE™ {1 EEHEEL 3

5K FBHY150/1000S-5
HL —¥% 77 AL —# (IR)
EMEHTT (W) 150 1,000
v—LE—F <NV FE—F SVINE—F
B (nm) 465 1,070
HH ) R i % 10~100
223 JE A (kHz) ~5
W/ RS - IR - m— T Ky
WHIKIRE (°C) 25
KT — T Amar s & OBH
fEHE s — 7 AR (m) 5 5
77 A7 (um) 110 14
v — A M2 (B fE) — < 1.1
v — L8 BPP (WAME) (mm - mrad) 12 —
wIR (V) 5 JEE# (Hz) =¥ AC200~240 ;: 50/60 *+5 %
A A X(mm) 5 KEER (kg) W700x D1000 X H800;  #J 300
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(2)  Bleu-IR "4 7 U v FL—+IC X 21 L5H]

9. WE 2mm OFFARM O v — FA VIITER RSNz, 77 4L —FHT
T —Foilnezo8y ZDOFREBE SN2, Bleu-IR N4 7V v FL—FZ Wi

Tid, = Fofilhve 23y X oRAEPIFEI S N, SME RN LA L,

%u\WFOSmm@ﬂﬁﬁﬁ@ﬁﬁAb%ﬁﬁmimﬂﬁéﬂtoL@% b, kid
v — FA VINTREOFER L FERIC, A TIAR L 78 —F =D\ E b I Loz 3
BFoNhTnd

¥, & %ﬁ%®@§%ﬁﬁtt\m 50 M % 2 MDA % B A 7250 © DI R
RrREINTz, ZOHAED, Bleuw IR N4 7Y v FL—FORETH 2 EMENT & TR
FIABDIIIC XL 5T, ANy X7 8 —hk—)L& o RIED 7\ BIF RIS DERK T
X7z,

(3) SMER SN L v — 3L O FHFE O Bl

HMERALEM) D=2 —2 ) ) =2 DicXhid, EEFHAFEDO - F—TdHh 3 HIl
FLEMR) & L bic, 5RO EMERR L —FRIRG 2 - Wit 52 Lo 2 &, BRI
iZ. xEV OERAIC BT 2@ ICHEDIEK 2K 5 729 %élxw—%ﬂéﬁ'ﬁ;@%y:——ﬂ/@éﬁ
b Lmitbz Mkl 2 2 & < B - RIBY v TAEIGE L 7= RS OFAFEEHEI L T 5,

2. 2.3 [EmEZzEEMEMZ RS 5 elin L — 3 5]
affili 2 TEOERS (UW-JAPAN (#5))

s HEHHOM T TRICIZ, TREENE LT Cu>1.67 L ozl L \WINE & RIE
PERER X NT W B, Hic) Fv 48 (LIB) iIcBWTlE., 2%y X DIRALTE AKX D
FIRERD 55 EAMONT Y5, UWLaser 1Tk, BHIIIC 25y 2 L 2T, X
b e 2 MEADAA 7Y v FEANC L O BLWERSEEZ 27 ) 7 LT &, & OBl
2 LM b L2 1k W 7 — L —HFoiERIc X v, A E 24 280
ARy RL A« FTa—Fk—n7 Y —HEHL -,

(1) UWLaser fED#E4
UWLaser thiz hFE O St:(CRM I, B TH Y, L —FEEROBENOEx HEE L
ToMFEL LI, FETRAFOF y 7RETH D, FILIT2005FTH D,
HECcOMRESY @ FYITERBEOC O ARAE (W BRECE)
PN TDMH4, © United Winners Laser Co. Ltd. (B&FF : UWLaser)
POttt Blc G L T 0, EEBEIIN 1,500 4 TH 5,
UW-JAPAN(FR) 12, 2012 4£ 8 Hici%zd iz, EAL 6,000 iFD 9B, 97%%
UWLaser #E23RE L, &0 D 3 %% TEHEK2RA LT3
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(2)

HEPEERL —FDIoH

@

g R L — KT OIEH

UWLaser 1. AElick v, L—FHIT1kW oFEL —F 2L 72,

Vv LAt vEih (LIB) AEERE., BRE K 0 A — 7 TS P IEYTAE
PR INTWED, TN IINMETHERD 7201C% { OEBIBHETH D, Eit/)
Bbo K& RBEIC R o T b, HaL —3d, HERBEROUGI % AR L CEMIEK
BTEZDT, EEHOEMPLEMBAEICR Y, BMERT v 7 & 5 s B
PRS2 5, HaL—F %A 4 7Yy FF—FHTY7 7Y v 2 (Wobbling) L7z
QDL TV VI LEWwWbDEEEET S LT, MHINIL, =v o
EEL I AN ERE R - FEF2 LR TE L, 7r—F— L L
A%y ZHIT L A LRI INT . BEME BB EL 7z,

FOPERL —F Lo Vv IAE—F 774 L —=F DAL 7Y v FIIL

TkWHBL—FICL 2 TFPRAKLURGE 3kW vV 7 LE—FT7 74 N —HIC
XML F —F— VIR R L7214 7Y » FL—% 3+1BlueHybrid %
FAFEL 72, ZHC X KA D & — v EHL T3,

¥ 72, 3+1BlueHybrid L —#Ic X V| 3 mm fiffim et L<d, 0.1 UL T
FERRA N7 ) —OmEEiRE 2 FEE L 72, 3+1BlueHybrid L — %I X i, S5
il U 72 RS DR LRI 23R 2 T H Y L Brm s RIED A e v X9 1T 2 K <
filfflc& 20T, WUhAaRA FE2E\L T LB TE 1,

AR D 7 7 4 8L — FHEMBTIZ 5~6 kW BALE A TR LT,
3+1BlueHybrid L —# Tid 3~4 kW T X <, fJ 2 kWK T & 7=,

[ 4 i<, 3+1BlueHybrid L —% (€7 UW-B4310M) O/MEEE %, 721X 5
A 7Yy FIRERY A~y FOFEEZIRT Y,

4 3+1BlueHybrid L —% 5 Y 5 ATy FIEEREE~y B
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3) StkomiLEmn
BEEH (EV) 13, BETZZAaRERERTH S, Lo L, 5% EV bl [ERIC
TFRICATTEDZ XS icaniE, LIB VH 4 2 A BEHEMMECOHERETH
2 ETFHIEN TS,
HOL —FOHEBA~DIGHIZIEE 5721350 TH Y, UWLaser thi3, JAHAH S
[k W BREEBOLICHBAZE L (v 2 —) ] ZEE o, FELOHEMLEEZAD T LTk

277,

2.2.4 T[xxa7y Mg —REKL —FRUOLA L7+ LD HKIRFsDFFEH M & %
DJHA (Trend of Kilowatt class Blue laser and Direct LD development and application) |
Al © Markus Ritering (Laserline GmbH)

AHEME HRKRREL -V oORFEOEKIL. FFEOMEHIN T 2 2 DRIRIE D b DI
HEcdh 2, FroHOEREIL. RS0 MITICH LCRE SRS 2, RIMEIRL — 9%
ICE 22N DMEIOMITIEFRETH 5235, IFEFICEH WL —FHNBLETH V| L2808
AT 2 & SOOI VBMRERLE T 2720, MLHARLEICKRY LT, #H 7 H
24 WD IS EER XN B EFE T A v ~DEH D L v, $il7e & 0@ M BN 3 2
L—HFICLMEINTIZ, e—E )V T4 ORHTETEITHFEHIN TS, FEPERKRL
—FIC X BB, K2y X THOERETH 5,

(1) Laserline ftoHF@EFE LKL —FE2 2 —1 (LDMblue >V —X)
Laserline ft o FEFE AR L —FE 2 2 — L (LDMblue >V —X) OOt E2FE 3

WRg Y,

%3  Laserline ttoF @EEAL —F Y 2 — 1 (LDMblue > U — X)) DIFEEDFE

AT 300 W 500 W 1,000 W 1,500 W 2,000 W

v — 2 8 (mm/mrad) 20 60 40 60 60

77 ANaTE(pm) 400 600 400 600 600
NA 0.1 0.2 0.2 0.2 0.2

B/NAR Y ME 200 600 400 600 600

(f =100mm)

TZrANaRxr g R LLK/Auto

77 AR & 20 m

& 5E T 2 RfIcH 729 £2 %A

PRI 445nm £ 20nm
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(2) FHtal kL — I X 2 8 o e oo FFEIR
ik, BMLEE RS TR E Vo T, S OIRIEIC X > CHEBEF LSRR S,
- BJE 0.4 mm FRE £ C: BMRiEAR:
JEX 12mm BEE T F—F— VAR
CJEE 4Amm BB E T HFEPEARL - LRSS R L - L 2l A G b
AT Yy PRk
B, HIIESOMEIC X o CAMRERENKE B 5 0T, M oREICE

el
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