(12) STANDARD PATENT (11) Application No. AU 2017390700 C1
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Laser system comprising a protection device

(61) International Patent Classification(s)
F41H 13/00 (2006.01) F41G 1/35 (2006.01)

(21) Application No: 2017390700 (22) Date of Filing: 2017.12.19
(87) WIPO No: WO18/127397

(30)  Priority Data

(31) Number (32) Date (33) Country
10 2017 100 068.2 2017.01.04 DE
(43) Publication Date: 2018.07.12

(44) Accepted Journal Date: 2020.04.23
(44) Amended Journal Date: 2020.05.21

(71)  Applicant(s)
Rheinmetall Waffe Munition GmbH

(72)  Inventor(s)
Jung, Markus;Riesbeck, Thomas;Baumgartel, Thomas

(74) Agent/ Attorney
Phillips Ormonde Fitzpatrick, PO Box 323, Collins Street West, VIC, 8007, AU

(56) Related Art
WO 2007039473 A1
FR 2753898 A1
FR 2993971 A1
US 8051761 B1
US 20160062148 A1




wo 20187127397 A1 I 000000

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

(43) Internationales Veroffentlichungsdatum
12. Juli 2018 (12.07.2018)

—
g

(10) Internationale Veroffentlichungsnummer

WO 2018/127397 Al

WIPOIPCT

(51) Internationale Patentklassifikation:
F41H 13/00(2006.01) F41G 1/35 (2006.01)

(21) Internationales Aktenzeichen: PCT/EP2017/083433

(22) Internationales Anmeldedatum:
19. Dezember 2017 (19.12.2017)

(25) Einreichungssprache: Deutsch

(26) Veroffentlichungssprache: Deutsch

(30) Angaben zur Prioritit:
102017 100 068.2
04. Januar 2017 (04.01.2017) DE

(71) Anmelder: RHEINMETALL WAFFE MUNITION
GMBH [DE/DE]; Heinrich-Ehrhardt-Str. 2, 29345 Unter-
1ii (DE).

(72) Erfinder: JUNG, Markus; Am Hirtenhaus 5, 29358 Fick-
lingen (DE). RIESBECK, Thomas; Schlepegrellstr. 48,
29223 Celle (DE). BAUMGARTEL, Thomas; Vorwerker
Platz 5, 29229 Celle (DE).

(74) Anwalt: DIETRICH, Barbara, Rheinmetall Platz 1,
40476 Diisseldorf (DE).

(81) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiighare nationale Schutzrechtsart): AE, AG, AL,
AM, AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ,CA,CH, CL,CN, CO, CR, CU, CZ,DJ,DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: LASER SYSTEM COMPRISING A PROTECTION DEVICE
(54) Bezeichnung: LASERSYSTEM MIT SCHUTZEINRICHTUNG

100

/

i~

o

Fig. 3

(57) Abstract: The invention relates to a protection device (100) for a laser system comprising at least one active laser (1) having at
least one beam guide (1.1, 3). Eye safety and/or protection for an exposed person (12) is achieved using at least one additional laser
(2) as a warning laser which, operating in a visible spectral range, is used shortly before the active laser (1) is used, and which, can
cause at least one person (12) to close his or her eyes and/or change his or her viewing direction away from the receptor point (13)
of the active laser beam on a target (10).

(57) Zusammenfassung: Vorgeschlagen wird eine Schutzvorrichtung (100) fiir ein Lasersystem mit wenigstens einem Wirklaser (1)
mit wenigstens einer Strahltithrung (1.1, 3). Die Augensicherheit bzw. der Schutz fiir eine gefahrdete Person (12) wird durch wenigstens

[Fortsetzung auf der ndichsten Seite]
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Veriffentlicht:
—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

einen zusétzlichen Laser (2) als Warnlaser erreicht, der in einem sichtbaren Spektralbereich arbeitend kurz vor Finsatz des Wirklasers
(1) eingesetzt wird und der ein Schlieflen des Auges bzw. ein Abwenden der Blickrichtung vom Aufpunkt (13) des Wirkiaserstrahls
auf ein Ziel (10) bei wenigstens einer Person (12) herbeifiihren kann.
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DESCRIPTION

Laser System with Protection Device

Technical Field

The invention concerns a protection device for a laser
system for creating a laser system that protects the

eyes.

Background

A reference herein to a patent document or any other
matter identified as prior art, is not to be taken as an
admission that the document or other matter was known or
that the information it contains was part of the common
general knowledge as at the priority date of any of the

claims.

Laser effectors can be implemented as very precise
weapons that can concentrate the action of a very small
fleck, a so-called receptor point, on the target object.
Furthermore, directional and diffuse reflections of the
laser radiation can occur about the receptor point,
depending on the laser power, the material and surface
quality of the target object. Said laser radiation can

also sometimes be damaging to the eyes.

The permissible laser power density according to
international standards for the exposure to radiation
(exposure limit value ELV) of the eye is 50 W/m? for an

applied wavelength of 1.06 um.

With some application scenarios discussed for laser
weapons (attacking a pickup, speedboat, jet ski etc.) it

cannot be excluded that the ELV value for the eye is
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exceeded 1n the case of soldiers, combatants and
civilians located in the immediate vicinity of the
receptor point and/or appearing in the direction of the
reflections or scattering of the laser beam (active
laser beam) from the receptor point. Looking into the
direct beam/laser beam or at the receptor point from a
short distance can lead to exceeding the ELV and

thereby to damage.

DE 683 06 078 T2 already concerns the topic of eye
protection. This document describes an optical laser
target device with alternating blocking of the laser
and observation beam paths. A movable element blocks
the laser beam when the target beam is not blocked by
the movable element. During this the laser beam and the
target beam are alternately blocked with such a
frequency that the persistence of the retinal image of

the operator is maintained.

DE 601 08 174 T2 (EP 1 3%1 014 Bl) proposes to allow a
laser weapon to operate in the visually safe wavelength

range.

DE 10 2012 221 164 Al concerns a device and a method
for detecting laser radiation. DE 14 97 569 A is cited
therein, wherein it is displayed to the wuser of a
periscope by means of a warning lamp that the periscope
is directed towards a 1light source with eye-damaging
radiation. The protection device can be used against
laser radiation in optical instruments. However,
because only directly incident laser radiation can be
detected, DE 10 2012 221 164 Al proposes to monitor
incident 1light from a larger spatial angle for the
presence of coherent, monochromatic or polarized laser

radiation with a device and to output a warning signal.

Although said ©proposals appear practical, the use

thereof for the present problem of eye protection while
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guaranteeing reliability is not practical, in particular
as a laser weapon (or a weapon laser). The aforementioned
eye-safe implemented lasers do not meet the requirements
placed on a weapon laser or have significant
disadvantages, compared for example to a Yb:YAG laser
(weapon lasers), 1in terms of available laser power,
achievable beam quality, illumination duration,
stability, efficiency (electrical to optical),

availability etc.

It is desirable to exclude eye damage resulting from
looking into the direct high intensity beam of an active

laser, or at least to prevent the same.

Summary of the Invention

In one form of the invention there is provided a laser
system with an active laser with at least one beam guide
and an effective range about an object/target when the
active laser is 1in use, comprising a protection device
with at least one additional laser that operates in a
visible spectral range, wherein the additional laser is
switched on if at least one person has been detected in
the effective range of the active laser before the active

laser 1is used

In another form of the invention there is provided a
method for the protection against laser radiation of a
laser system with an active laser with at least one beam
guide and an effective range about an object/target when

the active laser 1s in us, comprising the following

steps:

. determining the effective range about the
object/target,

. monitoring at least the effective range for

people,
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_3a_
. transmitting a visible 1light beam by an
additional 1laser after detecting at least one

person,

switching the active laser onto the object/target.

The laser system comprises at least one active laser with
at least one beam guide in this case. The protection
device is in particular provided for a laser weapon. The
protection or eye safety of potentially endangered people
is provided in this case by at least one additional safety
device. Said safety device is intended to bring about or
cause at least closing of the eye and/or possibly turning
the viewing direction away from the receptor point of the
active laser beam on a target. The safety device can
comprise a further laser as a warning laser, which is
used operating in a visible spectral range shortly before

the use of the active laser.

The invention is based on the idea of protecting a person
against the eye-damaging light radiation of an active
laser and warning said person. In addition to said
warning, 1t is intended that eye safety 1is provided by
either stimulating the eye closure reflex to close the
eye and/or by changing the viewing direction of the
person(s) from the receptor point and thereby from the
scattered radiation or direct exposure to the radiation.
It is provided to furnish a protection device against
laser beams that are directly or indirectly incident on
a target/object (for example diffuse scattered

radiation).

The background of the idea is to shift the ELV value for
the scattered radiation from a low limit wvalue of the
(open) eye to a high 1limit wvalue of the skin (closed
eye). For the closed eye the ELV value is 1000 W/m? (for

human skin) and is thus greater by a factor of 20.
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As a protective device, in addition to the active laser
a laser is operated that works in a visible spectral
range. Said laser 1s used shortly before the active
laser 1s wused. Said wuse 1s 1intended to result 1in
closure of the eyes of the person(s) and/or turning the
viewing direction away from the receptor point of the

active laser beam.

Alternatively, by selecting the surface that 1is
illuminated by said laser the view to the receptor
point can be interrupted or the line of sight to the
receptor point can be made unavailable. A laser

operating in the green spectral range is preferable.

However, there 1is also the possibility of indicating
the anticipated danger to the person or the people by
transmitting a red laser beam. This can then be pulsed
for example to signal to the people. Such pulsed red
laser radiation can for example be used 1f primarily

only tuning away is intended to be caused.

Said laser is used in addition to the active laser and
is used primarily for warning, which occurs with a time
offset from the active laser. In this case, the warning
laser can be a dazzling laser (dazzler), such as for
example a GLOW (Green Laser Optical Warner). The active
laser can be a fiber laser (approx. 1-100 kW/cm?) . Other
alternative lasers are known to the person skilled in
the art.

The additional laser preferably illuminates at least
the same surface on the target as the active laser.
However, depending on the vignette (military: small
system, application scenario) the surface illuminated
by the additional laser on the object/target can also
be much larger than the surface illuminated by the

active laser, 1in order to allow the person or the
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people the line of sight to the receptor point. The at
least one person in the effective range of the active
laser notices said illumination. Intuitively, said
illumination is perceived to be a danger. Because of
the wvisibility of the laser beam of the additional
laser, the at least one person will follow the human
reflex, the so-called eyelid reflex, and/or will turn
the viewing direction away from the beam direction of
the additional laser (dazzling laser) or from

reflections from the illuminated object/target.

Only after a predetermined time, as a rule after
approx. 250 ms (eyelid reflex or time to turn away), is
the actual active laser then switched onto the

object/target.

Due to said forewarning by the additional laser or the
time delay of the use of the active laser after the
additional laser becomes effective, 1t is possible to
avoid, or at least to minimize, damage to the people by
the radiation of the active laser or the scattered
radiation thereof from the receptor point. Damage can
be considerably reduced as a result. In particular, in
the case of successful eye closure, avoldance of
(permanent) damage is achieved, because now the
considerably higher ELV wvalue for the skin (closed

eyes) is responsible.

Owing to this solution, active lasers can be used in
vignettes and the risk to people (such as soldiers,
combatants, civilians etc.) can be considerably

reduced.

The additional laser (dazzling laser) can be used both
axially parallel in the optical axis of and offset from
the active laser. The additional laser can additionally
also be used as an 1illuminating laser for the active

laser.
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With the additional laser, graduation of the escalation
is achieved, because the people are given prior visual

warning.

It will be understood that the protection device
according to the invention can also be used as an active
laser in material processing etc., i.e. also in civil
fields.

Where any or all of the terms "comprise", "comprises",
"comprised" or "comprising" are used in this
specification (including the c¢laims) they are to be
interpreted as specifying the presence of the stated
features, integers, steps or components, but not
precluding the presence of one or more other features,

integers, steps or components.

Detailed Description

The invention will be described in detail wusing an

exemplary embodiment with drawings.

Figs. 1 through 3 show in sketch form a target 10 that
is to be attacked by at least one laser system, here by
an active laser 1. A beam guide 1.1 is associated with
the active laser 1. The active laser 1 is a laser weapon

for attacking the target 10 in this exemplary embodiment.

14 denotes an effective range that exists around the
target 10 when using the active laser 1. As can be seen
from the figure, at least one endangered object 12, here
at least one person 12, is in the effective range 14 of
the active laser 1 or in the effective range 14 of the

laser radiation thereof.
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In order to avoid that eye injuries etc. could be caused
to the person 12 by the laser radiation of the active
laser 1, a protection device 100 1is provided. Said
protection device 100 has the task of signaling a
hazardous situation to the person 12. In the preferred
implementation, this signal 1is intended to have the
result that the person 12 closes their eyes automatically

(human reaction to brightness for example).
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An additional laser 2 with a beam guide 2.1 is provided
as a protection device 100 in the preferred
implementation. said laser 2 is primarily operated as a

warning laser.

According to fig. 1, said additional 1laser 2 can
operate offset from the active laser 1. The active
laser 1 and the additional laser 2 are spaced apart

from each other and from the target 10.

According to fig. 2, the active laser 1 and the
additional 1laser 2 are oriented axially parallel to
each other. The two are preferably disposed in the

immediate vicinity of each other.

In the exemplary embodiment according to fig. 3, the
active laser 1 and the warning laser 2 use the same
beam guide 3. The actual beam guide 1.1 or 2.1 can be
omitted, because the additional laser 2 and the active
laser 1 are not operated at the same time but
successively. A changeover to the beam guide 3 can be

provided.

The active laser 1 can be a fiber laser (for example a
Yb:YAG laser). The additional laser 2 can be a dazzling
laser. Said dazzling laser can operate in the green
spectral range. Whereas the active laser 1 preferably
operates in the range from 1-100 kW/cm®, the power of a

dazzling laser is preferably 1-100 mW/cm’.
The manner of operation is as follows:

The effective range 14 of the active laser 1, which can
be different depending on the design of the active
laser 1 if this 1s unknown, is intended to Dbe

determined in advance.
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At least said effective range 14 of the active laser 1
is then monitored for people 12. The monitoring can be
carried out wvisually or by means of sensors (not shown
in detail). If at least one person 12 is detected
within said effective range 14 of the active laser 1,
visually or by means of the sensors, switching on the
additional 1laser 2 1s carried out before possible
operation of the active laser 1. This switching on can
be carried out manually. Automatic switch-on is
possible, for example because of the sensor data

processed in a control unit (not shown in detail).

By transmitting a visible light beam by the additional
laser 2, the at least one person 12 is notified that he
is in an endangered area. The visible 1light beam is
transmitted as a warning signal in this case. The
warning signal can be a green, red or another color of

light beam.

With said information, the person 12 is warned about a
hazard. As a result, 1t can be achieved that the at
least one person 12 is prompted at least to close their
eyes and/or to turn the viewing direction of the
person(s) away from the receptor point 13 and thereby
from the scattered radiation or direct exposure to the
radiation of the subsequently switched on active laser
1.

Only after a predetermined time, i.e. after the
switching on of the additional laser 2, as a rule after
approx. 250 ms, 1s the actual active 1laser 1 then
switched on to the object/target 10. This switch-on can

preferably be initiated by the control unit.

The additional laser 2 can additionally or
alternatively be used as an illuminating laser for the

active laser 2.
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The claims defining the invention are as follows:

1. A laser system with an active laser with at least
one beam guide and an effective range about an
object/target when the active laser is in use, comprising
a protection device with at least one additional laser
that operates in a visible spectral range, wherein the
additional laser 1s switched on i1if at least one person
has been detected in the effective range of the active

laser before the active laser 1is used.

2. The laser system as claimed in claim 1, wherein the
active laser and the additional laser are mounted

separately from each other.

3. The laser system as claimed in claim 1, wherein the
active laser and the additional laser are oriented

axially parallel to each other.

4. The laser system as claimed in any one of claims 1
through 3, wherein the active laser and the additional

laser access a common beam guide.

5. The laser system as claimed in any one of claims 1

through 4, wherein the active laser is a fiber laser.

6. The laser system as claimed in any one of claims 1
through 5, wherein the additional laser is a dazzling

laser.

7. The laser system as claimed in claim 6, wherein the

dazzling laser operates in the green spectral range.

8. The laser system as claimed in any one of claims 1
through 7, wherein the safety device can also function

as an illuminating laser.

9. A method for the protection against laser radiation

of a laser system with an active laser with at least one
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beam guide and an effective range about an object/target

when the active laser is in us, comprising the following

steps:

. determining the effective range about the
object/target,

. monitoring at least the effective range for
people,

. transmitting a visible 1light beam by an

additional 1laser after detecting at least one
person,
. switching the active laser onto the

object/target.

10. The method as claimed in claim 9, wherein switching
on the active laser 1is carried out with a time offset

relative to switching on the additional laser.

11. The method as claimed in claim 9 or 10, wherein the
additional laser illuminates at least the same surface
on the object/target as the active laser, wherein the
surface on the object/target illuminated by the
additional laser can also be larger than the surface

illuminated by the active laser.
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Fig. 2
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