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(57) Abstract: A self-monitoring additive manufacturing system and method of operation utilizes a surface imaging monitor to im
o age a surface of a slice of a workpiece for storage and processing of the image to detect surface anomalies. The monitoring may oper

ate in real time and in unison with an energy gun of the system for correction of the anomalies in real-time by re-melting of the an -
omaly.



A SELF-MONITORING ADDITIVE MANUFACTURING SYSTEM AND METHOD OF
OPERATION

This application claims priority to U.S. Patent Appln. No. 61/936,075 filed February 5,

2014.

BACKGROUND

[0001] The present disclosure relates to an additive manufacturing system and, more

particularly, to a self-monitoring additive manufacturing system and method of operation.

[0002] Traditional additive manufacturing systems include, for example, Additive Layer

Manufacturing (ALM) devices, such as Direct Metal Laser Sintering (DMLS), Selective Laser

Melting (SLM), Laser Beam Melting (LBM) and Electron Beam Melting (EBM) that provide for

the fabrication of complex metal, alloy, polymer, ceramic and composite structures by the

freeform construction of the workpiece, layer-by-layer. The principle behind additive

manufacturing processes involves the selective melting of atomized precursor powder beds by a

directed energy source, producing the lithographic build-up of the workpiece. The melting of the

powder occurs in a small localized region of the energy beam, producing small volumes of

melting, called melt pools, followed by rapid solidification, allowing for very precise control of

the solidification process in the layer-by-layer fabrication of the workpiece. These devices are

directed by three-dimensional geometry solid models developed in Computer Aided Design

(CAD) software systems.

[0003] The EBM system utilizes an electron beam gun and the DMLS, SLM, and LBM

systems utilize a laser as the energy source. Both system beam types are focused by a lens, then

deflected by an electromagnetic scanner or rotating mirror so that the energy beam selectively

impinges on a powder bed. The EBM system uses a beam of electrons accelerated by an electric



potential difference and focused using electromagnetic lenses that selectively scans the powder

bed. The DMLS, SLM and LBM utilize a focused laser beam scanned by a rotating mirror. The

EBM technology offers higher power densities, and therefore faster scanning rates, over lasers,

and is capable of processing superalloys. The powder is melted at the energy focus site on the

build surface or substrate. The strategy of the scanning, power of the energy beam, residence

time or speed, and sequence of melting are directed by an embedded CAD system. The

precursor powder is either gravitationally fed from cassettes or loaded by a piston so that it can

be raked onto the build table. The excess powder is raked off and collected for re-application.

Since the electron gun or laser is fixed, the build table can be lowered with each successive layer

so that the workpiece is built upon the pre-solidified layer beneath.

[0004] Unfortunately, known additive manufacturing processes and systems may

produce defects that can jam or stop a manufacturing process and/or are not easily fixed or

identifiable after the additive manufacturing process is completed. There is a need in the art for

improved defect detection and correction.

SUMMARY

[0005] An additive manufacturing system according to one, non-limiting, embodiment of

the present disclosure includes a layer of raw material, an energy gun for melting at least a

portion of the layer and thereby forming at least in part a slice of a workpiece, and a surface

monitor for detecting surface anomalies of the portion after solidification.

[0006] Additionally to the foregoing embodiment, the surface monitor is a volumetric

imaging monitor.



[0007] In the alternative or additionally thereto, in the foregoing embodiment, the raw

material is a powder.

[0008] In the alternative or additionally thereto, in the foregoing embodiment, the system

includes an electric controller constructed an arranged to control the energy gun dictated at least

in part by output signals received from the surface monitor.

[0009] In the alternative or additionally thereto, in the foregoing embodiment, the surface

monitor is a profilometer.

[0010] In the alternative or additionally thereto, in the foregoing embodiment, the surface

monitor is an interferometer.

[0011] In the alternative or additionally thereto, in the foregoing embodiment, the energy

gun is a laser gun.

[0012] In the alternative or additionally thereto, in the foregoing embodiment, the energy

gun is an electron beam gun.

[0013] In the alternative or additionally thereto, in the foregoing embodiment, the

anomalies include at least one of balling, warping, porosity, cracking, and delamination.

[0014] A method of operating an additive manufacturing system according to another,

non-limiting, embodiment includes the steps of forming at least a portion of a slice of a

workpiece, taking an image of a surface of at least the portion of the slice with a surface monitor,

and identifying an anomaly of the surface through the image.

[0015] Additionally to the foregoing embodiment, the surface monitor is a volumetric

surface monitor.

[0016] In the alternative or additionally thereto, in the foregoing embodiment, the surface

monitor is an X-ray scanner.



[0017] In the alternative or additionally thereto, in the foregoing embodiment, the surface

monitor is a profilometer.

[0018] In the alternative or additionally thereto, in the foregoing embodiment, identifying

an anomaly is accomplished by processing of image data sent to a controller by the surface

monitor.

[0019] In the alternative or additionally thereto, in the foregoing embodiment, the

method includes the step of re-working the portion to remove the anomaly.

[0020] In the alternative or additionally thereto, in the foregoing embodiment, the step of

re-working is performed by re-melting the anomaly with an energy gun.

[0021] In the alternative or additionally thereto, in the foregoing embodiment, forming at

least a portion includes the steps of creating a melt pool in a layer of a raw material with an

energy gun, and solidifying the melt pool.

[0022] In the alternative or additionally thereto, in the foregoing embodiment, the

method includes the steps of forming a second portion of the slice through the creation of another

melt pool in the layer with the heat gun, solidifying the second portion, and monitoring a surface

of the second portion for an anomaly.

[0023] In the alternative or additionally thereto, in the foregoing embodiment, the

method includes the steps of sending image data to controller for processing of each portion of

each slice, and storing image data of workpiece.

[0024] In the alternative or additionally thereto, in the foregoing embodiment, the

method includes the steps of completing additive manufacturing of the workpiece, and

machining the workpiece and as dictated by the stored image data.



[0025] The foregoing features and elements may be combined in various combinations

without exclusivity, unless expressly indicated otherwise. These features and elements as well as

the operation thereof will become more apparent in-light of the following description and the

accompanying drawings. It should be understood, however, the following description and

figures are intended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Various features will become apparent to those skilled in the art from the

following detailed description of the disclosed non-limiting embodiments. The drawings that

accompany the detailed description can be briefly described as follows:

[0027] FIG. 1 is a schematic view of an additive manufacturing system according to one

non-limiting embodiment of the present disclosure;

[0028] FIG. 2 is a plan view of a powder bed of the additive manufacturing system

viewed in the direction of arrows 2-2 in FIG. 1;

[0029] FIG. 3 is a plan view of a surface of a workpiece having anomalies;

[0030] FIG. 4 is a perspective cross sectional view of the workpiece having anomalies;

[0031] FIG. 5 is a perspective view of another workpiece having anomalies; and

[0032] FIG. 6 is a flow chart of a method of operating the additive manufacturing system.

DETAILED DESCRIPTION

[0033] FIG. 1 schematically illustrates an additive manufacturing system 20 having a

build table 22 for holding a powder bed 24, a particle spreader or wiper 26 for producing the

powder bed 24, an energy gun 28 for selectively melting regions of a layer 30 of the powder bed,



a surface monitor 32, a powder supply hopper 34 and a powder surplus hopper 36. The additive

manufacturing system 20 is constructed to build a workpiece 38 in a layer-by-layer fashion

utilizing an additive manufacturing process controlled by an electrical controller 40 that may

have an integral computer aided design system for modeling the workpiece 38 into a plurality of

slices 42 additively built atop one-another generally in a vertical or z-coordinate direction.

[0034] The controller 40 controls the various components and operations through electric

signals 44 that may be hard-wired, or wirelessly coupled, between one or more of the system

components 22, 26, 28, 32, 34. The controller 40 may be implemented with a combination of

hardware and software. The hardware may include memory and one or more single-core and/or

multi-core processors. The memory may be a non-transitory computer readable medium, and

adapted to store the software (e.g. program instructions) for execution by the processors. The

hardware may also include analog and/or digital circuitry other than that described above.

[0035] Referring to FIGS. 1 and 2, each solidified slice 42 of the workpiece 38 is

associated with and produced from a respective layer 30 of the powder bed 24 prior to

solidification. The powder layer 30 is placed on top of (or spread over) a build surface 50 of the

previously solidified slice 42, or during initial operation, the build table 22. The controller 28

operates the system 20 through the series of electrical and/or digital signals 44 sent to the system

20 components. For instance, the controller 28 may send a signal 44 to a mechanical piston 46

of the supply hopper 34 to push a supply powder 48 upward for receipt by the spreader 26. The

spreader 26 may be a wiper, roller, sprayer or other device that pushes (see arrow 50), sprays or

otherwise places the supply powder 48 over a top build surface 52 of the workpiece 38 by a pre¬

determined thickness established by vertical, downward, movement (see arrow 54) of the build



table 22 that supports the powder bed 24 and workpiece 38. Any excess powder 56 may be

pushed into the surplus hopper 36 by the spreader 26.

[0036] Once a substantially level powder layer 30 is established over the build surface

52, the controller 42 may send a signal to the energy gun 28 that energizes a laser or electron

beam device 58 and controls a directional mechanism 60 of the gun 28. The directional

mechanism 60 may include a focusing lens that focuses a beam (see arrow 62) emitted from

device 58 which, in-turn, may be deflected by an electromagnetic scanner or rotating mirror of

the directional mechanism 60 so that the energy beam 62 selectively and controllably impinges

upon, and thereby focuses a beam spot 64 on selected regions or portions 66 of the top layer 30

of the powder bed 24 (see FIG. 2). The beam spot 64 moves along the layer 30, see arrow 68,

melting at least a portion of the layer, region-by-region, and at a controlled rate and power to

form the region 66 into a melt pool, or melted state, and heat or partially melt the build surface

52 beneath the melt pool (i.e. meltback region) to promote the desired sintering and fusing of the

powder and the joinder between slices 42. It is contemplated and understood that the powder 48

may not have an actual powder consistency (i.e. physical form), but may take the form of any

raw material capable of being fused, sintered or melted upon a build surface of a workpiece and

in accordance with additive manufacturing techniques. It is further understood and contemplated

that the additive manufacturing system may include a method where fusing of powder is done by

high-speed accumulation and then laser sintered (laser spray deposition).

[0037] As a leading melt pool is created at the beam spot 64, the previous, trailing, melt

pool begins to cool and solidify, thus forming a solidified region or portion 70 of the slice 42.

The surface monitor 32 is focused upon the portion 70 to detect any anomalies 72 and may move

with the beam spot 64 in real-time. Therefore, portion 70 must be at a sufficient trailing distance



away from the beam spot 64 to allow for solidification and as generally dictated by the speed that

the spot 64 moves across the layer 30. As non-limiting examples of anomalies 72, an anomaly

may include warpage or surface distortion (see FIG. 3), delamination between slices indicative of

surface distortion (see FIG. 4), and balling (see FIG. 5). Other anomalies may include undesired

porosity, cracking, surface texture and/or degrees of surface roughness.

[0038] The surface monitor 32 may be of an imaging type and generally monitors

volumetric surface texture. The term volumetric refers to a 'depth perception' ability of the

monitor enabling height detection or height measurement of the slice surface (i.e. z-coordinate

direction). Non-limiting examples of a volumetric, surface imaging, monitor include: a

profilometer, an interferometer, a generally structured light for three-dimensional shape and

profile measurement instrument, and X-ray scanner for sub-surface defects. All these examples

are known instruments to those skilled in the art, and thus will not be further described. It is

further understood and contemplated that the additive manufacturing system 20 may include a

method where fusing of powder is done by high-speed accumulation and then laser sintered

(laser spray deposition).

[0039] Referring to FIG. 6 and in operation, the additive manufacturing system 20

includes a step 100 where the controller 40 sends signals 44 to activate the supply hopper 34 to

deliver a quantity of raw material 48 to the spreader 26. The spreader 26 then spreads or places a

layer 30 of the raw material 48 over a build surface 52 of a preceding slice 42 of the workpiece

38. As a next step 102, the controller 40 sends a signal to initiate the energy gun 28 to

selectively melt a portion 66 of the layer 30 into a melt pool. As a step 104, the energy gun 28

moves on to melt the next selected portion as the previously melted portion solidifies and

becomes portion 70 of the slice 42. As step 106 and soon after the solidification of portion 70,



the surface monitor 32 images the solidified portion 70 and sends the data to the controller 40 for

anomaly processing.

[0040] As step 108, the imaging data may be processed in real-time for identification of

an anomaly 72. As step 110, and if an anomaly 72 is not detected, the controller 40 continues

with normal operations and the beam gun 28 continues to create melt pools at selected regions 66

and at a pre-established rate. As step 112 (coinciding with step 110) and if an anomaly 72 is

detected, the controller 40 may instruct the energy gun 28 to re-melt the region 70 with the

anomaly 72 thereby removing the anomaly. Because the surface monitor 32 may operate in real

time, the imaging signals 44 may be continuously sent to the controller 40 for processing and

identification of any anomalies 72. If the anomalies 72 appear systematically or too frequently,

the controller 40 may function to change any number of operating parameters of the system 20.

For instance, the controller 40 may signal a change in energy beam power, energy beam pulse

repetition rate, energy beam pulse width, energy beam spot size and shape, energy beam

hatching spacing (e.g. the space between energy beam travel tracks), and/or energy beam scan

speed (e.g. the speed that the energy beam 62 travels over the layer 30).

[0041] After step 110 and with the anomaly 72 removed, the surface monitor 32 may re-

image the portion 70 of the slice 42 to confirm no anomaly exists and before resuming normal

operation. With such real-time monitoring and correction of anomalies, the system 20 can

prevent jamming or stoppage of the manufacturing process thereby saving time and expense

while improving workpiece quality.

[0042] It is understood and contemplated that the imaging data sent to the controller 40

from the monitor 32 may be electronically stored thereby storing an 'anomaly record' of the

entire workpiece. Moreover, the system 20 may function simply to store anomaly data of the



workpiece 38 and not correct the anomalies in real-time and through an additive manufacturing

process. Instead the data may be stored as a quality control process and any recorded anomalies

72 may be corrected through machining or other more conventional techniques. The surface

monitor 32 may also be used to monitor all sides of the workpiece 38 after manufacture and not

just the build surface 52 of each slice 42.

[0043] Non-limiting examples of the raw material or powder 48 may include ceramics,

metals, a mixture of ceramic, polymer and/or metal. Non-limiting examples of ceramics may

include oxide ceramics such as A1203 or Zr02, and nitride ceramics such as aluminum nitride,

silicon nitride. Non-limiting examples of metals may include nickel or nickel alloys, titanium or

titanium alloys, cobalt and cobalt alloys, ferrous metals such as steel alloys, stainless steel, and

non-ferrous metals such as aluminum and bronze. Non-limiting examples of mixtures may

include aluminum-silicon metal matrix composites, WC-Co cermets, polymer encapsulated SiC

powders, and polymer-precused aluminum powders.

[0044] It is understood that relative positional terms such as "forward," "aft," "upper,"

"lower," "above," "below," and the like are with reference to the normal operational attitude and

should not be considered otherwise limiting. It is also understood that like reference numerals

identify corresponding or similar elements throughout the several drawings. It should be

understood that although a particular component arrangement is disclosed in the illustrated

embodiment, other arrangements will also benefit. Although particular step sequences may be

shown, described, and claimed, it is understood that steps may be performed in any order,

separated or combined unless otherwise indicated and will still benefit from the present

disclosure.



[0045] The foregoing description is exemplary rather than defined by the limitations

described. Various non-limiting embodiments are disclosed; however, one of ordinary skill in

the art would recognize that various modifications and variations in light of the above teachings

will fall within the scope of the appended claims. It is therefore understood that within the scope

of the appended claims, the disclosure may be practiced other than as specifically described. For

this reason, the appended claims should be studied to determine true scope and content.



CLAIMS

What is claimed is:

1. An additive manufacturing system comprising:

a layer of raw material;

an energy gun for melting at least a portion of the layer and thereby forming at least in

part a slice of a workpiece; and

a surface monitor for detecting surface anomalies of the portion after solidification.

2. The additive manufacturing system set forth in claim 1 wherein the surface monitor is a

volumetric imaging monitor.

3. The additive manufacturing system set forth in claim 1 wherein the raw material is a

powder.

4. The additive manufacturing system set forth in claim 1 further comprising:

an electric controller constructed an arranged to control the energy gun dictated at least in

part by output signals received from the surface monitor.

5. The additive manufacturing system set forth in claim 4 wherein the surface monitor is a

profilometer.



6. The additive manufacturing system set forth in claim 4 wherein the surface monitor is an

interferometer.

7. The additive manufacturing system set forth in claim 4 wherein the energy gun is a laser

gun.

8. The additive manufacturing system set forth in claim 4 wherein the energy gun is an

electron beam gun.

9. The additive manufacturing system set forth in claim 1 wherein the anomalies include at

least one of balling, warping, porosity, cracking, and delamination.

10. A method of operating an additive manufacturing system comprising the steps of:

forming at least a portion of a slice of a workpiece;

taking an image of a surface of at least the portion of the slice with a surface monitor; and

identifying an anomaly of the surface through the image.

11. The method set forth in claim 10 wherein the surface monitor is a volumetric surface

monitor.

1 . The method set forth in claim 10 wherein the surface monitor is an X-ray scanner.

13. The method set forth in claim 10 wherein the surface monitor is a profilometer.



14. The method set forth in claim 10 wherein identifying an anomaly is accomplished by

processing of image data sent to a controller by the surface monitor.

15. The method set forth in claim 10 comprising the further step of:

re-working the portion to remove the anomaly.

16. The method set forth in claim 15 wherein the step of re-working is performed by re-

melting the anomaly with an energy gun.

17. The method set forth in claim 16 wherein forming at least a portion includes the steps of:

creating a melt pool in a layer of a raw material with an energy gun; and

solidifying the melt pool.

18. The method set forth in claim 17 comprising the further step of:

forming a second portion of the slice through the creation of another melt pool in the

layer with the heat gun;

solidifying the second portion; and

monitoring a surface of the second portion for an anomaly.

19. The method set forth in claim 10 comprising the further step of:

sending image data to controller for processing of each portion of each slice; and

storing image data of workpiece.



The method set forth in claim 19 comprising the further steps of:

completing additive manufacturing of the workpiece; and

machining the workpiece and as dictated by the stored image data.











A . CLASSIFICATION OF SUBJECT MATTER

B29C 67/00(2006.01)i, B22F 3/105(2006.01)i, B33Y 30/00(2015.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B29C 67/00; C08L 65/00; C08L 45/00; B29C 41/02; B41J 29/393; B29C 35/08; B22F 3/105; B33Y 30/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: additive manufacturing, three-dimensional object, layer,
surface monitor, detecting, anomaly, powder

DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2009-0152771 Al (PHILIPPI , J . e t a l . ) 18 June 2009 1-4 , 7-12 , 14-18
See abstract ; paragraphs [0017]-[0029] ; c l aims 11-13 ; f igures 1 and 2 .

5 , 6 , 13 , 19 , 20

US 5460758 A (LANGER, H. e t a l . ) 24 Oct ober 1995 5 , 6 , 13 , 19 , 20
See abstract ; column 2 , l ine 10- co lumn 5 , l ine 25 ; f i gures 1 and 2 ; c l aims 1
- 5

J P 2010-090350 A ( JSR CORPORATION) 22 Apr i l 2010 1-20
See abstract ; paragraphs [0066]-[0093] .

US 2011-0032301 Al (FIENUP , W. J . e t a l . ) 10 February 2011 1-20
See abstract ; paragraphs [0017H0027] and [0129H0135] ; f igures 19A-21B .

US 2006-0249884 Al (PARTANEN, J . P . e t a l . ) 09 November 2006 1-20
See abstract ; paragraphs [ 0010] - [ 0036] ; f i gures 1-4 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

12 May 2015 (12.05.2015) 13 May 2015 (13.05.2015)

Name and mailing address of the ISA/KR Authorized officer , . .
International Application Division : v. ::

j Korean Intellectual Property Office
¾ 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,

LEE, Myung Jin |
mgff Republic of Korea

Facsimile No. ++82 42 472 140 Telephone No. +82-42-481-8474

Form PCT/ISA/210 (second sheet) (January 2015)



Information on patent family members PCT/US2015/014456

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2009-0152771 Al 18/06/2009 AT 544579 T 15/02/2012
BR PI0808120 A2 17/06/2014
CN 101678613 A 24/03/2010
CN 101678613 B 09/01/2013
DE 102007056984 Al 28/05/2009
EP 2125339 Al 02/12/2009
EP 2125339 Bl 08/02/2012
H 1137966 Al 05/07/2013
JP 2010-520091 A 10/06/2010
JP 4964307 B2 27/06/2012
RU 2009136179 A 10/04/2011
RU 2424118 C2 20/07/2011
US 8784721 B2 22/07/2014
WO 2009-068165 Al 04/06/2009

US 5460758 A 24/10/1995 EP 0563102 Al 06/10/1993
EP 0563102 Bl 15/06/1994
WO 92-11577 Al 09/07/1992

JP 2010-090350 A 22/04/2010 JP 2010-095706 A 30/04/2010
T W 201012864 A 01/04/2010
wo 2010-032570 Al 25/03/2010

US 2011-0032301 Al 10/02/2011 AT 470577 T 15/06/2010
CN 101056766 A 17/10/2007
CN 101056766 B 05/05/2010
CN 101056766 C 05/05/2010
CN 101060990 A 24/10/2007
CN 101060990 B 16/02/2011
EP 1799463 A2 27/06/2007
EP 1799463 Bl 09/06/2010
EP 1805024 A2 11/07/2007
EP 1805024 Bl 10/04/2013
EP 2226200 Al 08/09/2010
EP 2226200 Bl 09/04/2014
ES 2346768 T3 20/10/2010
HK 1102573 Al 29/10/2010
JP 2008-513199 A 01/05/2008
JP 2008-513252 A 01/05/2008
JP 2013-047003 A 07/03/2013
JP 5122960 B2 16/01/2013
JP 5243030 B2 24/07/2013
JP 5678018 B2 25/02/2015
KR 10-1273794 Bl 11/06/2013
KR 10-1342341 Bl 16/12/2013
KR 10-2007-0083737 A 24/08/2007
KR 10-2007-0085273 A 27/08/2007
US 2006-0061613 Al 23/03/2006
us 2006-0061618 Al 23/03/2006

Form PCT/ISA/2 10 (patent family annex) (January 20 15)



Information on patent family members PCT/US2015/014456

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2008-0252682 Al 16/10/2008
us 7387359 B2 17/06/2008
us 7824001 B2 02/11/2010
us 8167395 B2 01/05/2012
wo 2006-033903 A2 30/03/2006
wo 2006-033903 A3 16/11/2006
wo 2006-034012 A2 30/03/2006
wo 2006-034012 A3 19/10/2006

US 2006-0249884 Al 09/11/2006 DE 102006019860 Al 30/11/2006
EP 1719607 Al 08/11/2006
EP 2143552 Al 13/01/2010
JP 2006-312318 A 16/11/2006
US 7906061 B2 15/03/2011

Form PCT/ISA/2 10 (patent family annex) (January 20 15)


	abstract
	description
	claims
	drawings
	wo-search-report

