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(57) Abstract: A method of obtaining a sample of materials includes building a product through an additive manufacturing process.
A capsule is formed with an internal chamber inside of the capsule. The capsule is formed during the building of the additive manu-
facturing product. A sample of powder is encapsulated inside the internal chamber as the capsule is built. The internal chamber is

O hermetically sealed from an exterior environment to retain the sample of powder in the internal chamber.
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DYNAMIC METHOD OF OBTAINING A SAMPLE OF MATERIALS
BACKGROUND

This invention relates generally to the field of additive manufacturing. In
particular, the present invention relates to the feed material used to create additively
manufactured articles.

Additive manufacturing is an established but growing technology. In its broadest
definition, additive manufacturing is any layerwise construction of articles from thin
layers of feed material. Additive manufacturing may involve applying liquid, layer or
powder material to a workstage, then sintering, curing, melting, and/or cutting to create a
layer. The process is repeated up to several thousand times to construct the desired
finished component or article.

Various types of additive manufacturing are known. Examples include
stereolithography (additively manufacturing objects from layers of a cured photosensitive
liquid), Flectron Beam Melting (using a pulverant material as feedstock and selectively
melting the pulverant material using an electron beam), Laser Additive Manufacturing
(using a pulverant material as a feedstock and selectively melting the pulverant material
using a laser), and Laser Object Manufacturing (applying thin, solid sheets of material
over a workstage and using a laser to cut away unwanted portions). Each method has
advantages and disadvantages. For example, one disadvantage of Laser Additive
Manufacturing is that as pulverant material is made from increasingly fine particles as
required for ever-thinner layers, the pulverant material may begin to clump, and the
increased surface area to volume ratio of finer particles results in higher oxidation rates.

Non-additively manufactured production parts can be traced to an original forged
billet, a pour of metal at a foundry, or to the original sheet metal. It is not as easy to trace
the pedigree of parts built by additive manufacturing. FEconomically it is unlikely that
production parts will be built of a virgin material. Building five pounds of product may
require one hundred pounds of powdered starting material. It is likely that the product
will be built from a mixture of virgin material, previously used, recycled, or reprocessed
metal powder. Powdered metals are prone to contamination through oxidation, humidity,
and any remnants of a previous build. This creates a problem of documenting the

condition/properties of the powdered metal used to build the end material.
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SUMMARY

A method of obtaining a sample of materials includes building a product through
an additive manufacturing process. A capsule is formed with an internal chamber inside
of the capsule. The capsule is formed during the building of the additive manufacturing
product. A sample of powder is encapsulated inside the internal chamber as the capsule is
built. The internal chamber is hermetically sealed from an exterior environment to retain
the sample of powder in the internal chamber.

An additional embodiment of the present invention includes a method of obtaining
a sample of materials. The method includes building a product through an additive
manufacturing process. A capsule is formed with an internal chamber inside of the
capsule. The capsule is formed during the building of the additive manufacturing
product. A sample of powder is encapsulated inside the internal chamber as the capsule is
built. The internal chamber is hermetically sealed from an exterior environment to retain
the sample of powder in the internal chamber. The capsule is removed from the additive
engineering process after the additive manufacturing product is built. The capsule is then
severed along a groove in the capsule by applying torsional stress to flanges at the distal
ends of the capsule.

An additional embodiment of the present invention includes a method of obtaining
a sample of materials. The method includes building a product and a capsule through an
additive manufacturing process. A capsule is formed with an internal chamber inside of
the capsule. A sample of powder is encapsulated inside the internal chamber as the
capsule is built. Identification information of the product is provided on the capsule by
the additive manufacturing process. The internal chamber is hermetically sealed from an
exterior environment to retain the sample of powder in the internal chamber. The capsule
is removed from the additive engineering process after the product is built. The capsule is
then severed, the sample of powder is analyzed, and the analysis is used to categorize the
product.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, cross-sectional view of an exemplary embodiment of
a capsule in accordance with the present invention.

FIG. 2 is a schematic, perspective view of an exemplary embodiment of a capsule
in accordance with the present invention.

FIG. 3 is a schematic block diagram of a method incorporating the present

invention.
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DETAILED DESCRIPTION

FIG. 1 shows a schematic, cross-sectional view of an exemplary embodiment
of capsule 10 in accordance with the present invention. Capsule 10 includes internal
chamber 12. First flange 14 is located at a first distal end of capsule 10. Second flange
16 is located at a second distal end of capsule 10. Groove 18 is located between first
flange 14 and second flange 16 on an exterior surface of capsule 10. Groove 18 extends
circumferentially around an exterior surface of capsule 10. Sample powder 20 is
encapsulated within internal chamber 12 of capsule 10.

During an additive manufacturing process, capsule 10 is built concurrently with
the formation of an additive manufacturing product. As the additive manufacturing
product is built, capsule 10 is also built. During the formation of capsule 10, sample
powder 20 is placed in internal chamber 12 of capsule 10. The encapsulation of sample
powder 20 during the additive manufacturing process enables collection of the same
powder used to build the additive manufacturing product.

A benefit of forming capsule 10 of sample powder 20 during the additive
manufacturing process alongside the additive manufacturing product is that capsule 10
would be built, filled, and sealed during the build of the additive manufacturing product
completely untouched by human hands. This method allows for minimal contamination
of sample powder 20 throughout the additive manufacturing process which prevents
problems associated with oxidation and humidity.

FIG. 2 shows a schematic, perspective view of an exemplary embodiment
of capsule 10 in accordance with the present invention. First flange 14 is located at a first
distal end of capsule 10. Second flange 16 is located at a second distal end of capsule 10.
Groove 18 is located between first flange 14 and second flange 16 on an exterior surface
of capsule 10. Groove 18 extends circumferentially around an exterior surface of capsule
10.  Identification information 22 is written onto capsule 10 during the additive
manufacturing process. In this embodiment, identification information is provided on
second flange 16, but can be provided anywhere on an exterior of capsule 10.

After the additive manufacturing product and capsule 10 of sample powder 20 are
built, sample powder 20 can be retrieved at a later stage and analyzed to document the
conditions and properties of sample powder 20. The results of analyzing the conditions
and properties of sample powder 20 can then be used to classify and categorize the build
conditions of the corresponding additive manufacturing product built along with sample

powder 20. Sample powder 20 is retrieved from capsule 10 after severing capsule 10 by
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applying torsional stress to first flange 14 and second flange 16. The torsional stress
causes capsule 10 to sever along groove 18 and dissects capsule 10 into two halves. Once
capsule 10 has been severed, sample powder 20 is retrieved from capsule 10 to be
analyzed. As opposed to traditional cutting methods involving the use of a cutting tool,
severing capsule 10 with torsional stress prevents contamination of sample powder 20
that occurs when using a cutting tool.

Additionally, flanges 14 and 16 can be sectioned, polished, etched and used for
metallography for evaluation of grain size, contamination, hardness, or other solid
material characteristics.

Adding identification information 22 during the additive manufacturing process
also decreases the risk of contamination of sample power 20. Identification information
22 is placed on capsule 10 during the additive manufacturing process instead of adding
identification information 22 to capsule 10 after the build under conditions different from
the controlled conditions used during the additive manufacturing process.

FIG. 3 shows a schematic block diagram of method 24 of obtaining a sample of
materials incorporating the present invention. Method 24 includes building a product by
additive manufacturing (step 26), forming capsule 10 while building the product (step
28), encapsulating powder sample 20 from the product build in capsule 10 (step 30),
forming identification information 22 on capsule 10 (step 32), removing capsule 10 from
the additive manufacturing process (step 34), severing capsule 10 by applying torsional
stress to first flange 14 and second flange 16 of capsule 10 (step 36), analyzing powder
sample 20 (step 38), and categorizing the additive manufacturing product based on the
analysis of powder sample 20 (step 40).

Building a product by additive manufacturing (step 26) includes producing a
product by any additive manufacturing process that uses pulverant material for the base
material. For example, Selective Laser Sintering or melting and selective Electron Beam
Melting processes use pulverant granules to create an additively manufactured part.
Forming capsule 10 while building the product (step 28) includes building capsule 10 at
the same time as the additive manufacturing product is built. Encapsulating powder
sample 20 from the product build in capsule 10 (step 30) includes forming capsule 10 to
enclose powder sample 20 within capsule 10. Forming identification information 22 on
capsule 10 (step 32) includes using the additive manufacturing process to produce
identifying information 22 on capsule 10. During the additive manufacturing process,

various language characters are created by the additive manufacturing process to form
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identification information 22 on capsule 10. Removing capsule 10 from the additive
manufacturing process (step 34) includes removing capsule 10 from the additive
manufacturing building stage once the additive manufacturing process is complete.
Severing capsule 10 by applying torsional stress to first flange 14 and second flange 16 of
capsule 10 (step 36) includes twisting first flange 14 and second flange 16 of capsule 10
in opposite directions until capsule 10 severs along groove 18. After capsule 10 is
severed, powder sample 20 can then be analyzed. Analyzing powder sample 20 (step 38)
includes extracting powder sample 20 from the severed halves of capsule 10, and testing
powder sample 20 for various characteristics including but not limited to flowability,
particle size distribution, or high cycle fatigue test. Categorizing the additive
manufacturing product based on the analysis of powder sample 20 (step 40) includes
using the results of sample powder 20 analysis to classify and characterize the product
from the corresponding additive manufacturing process.

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form

and detail without departing from the spirit and scope of the invention.
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CLAIMS:

1. A method of obtaining a sample, the method comprising:

building a product with an additive manufacturing process;

forming a capsule with an internal chamber, the capsule formed while building the
product;

encapsulating a sample of powder used to build the capsule in the internal chamber as the
capsule is built; and

sealing the internal chamber so that the internal chamber is hermetically sealed from an
exterior environment with the sample of powder retained therein.

2. The method of claim 1, wherein a first flange is located at a first distal end of the

capsule, and a second flange is located at a second distal end of the capsule.

3. The method of claim 2, further comprising a groove in the capsule located

between the first flange and the second flange of the capsule.

4. The method of claim 3, wherein the groove extends circumferentially around an

exterior surface of the capsule.

5. The method of claim 4, further comprising severing the capsule along the groove

by applying torsional stress to the first flange and the second flange of the capsule.

6. The method of claim 5, further comprising analyzing the sample of powder.

7. The method of claim 6, further comprising categorizing the additive

manufacturing product based on the analysis of the sample of powder.

8. The method of claim 1, wherein the powder comprises a metal powder.

0. The method of claim 1, further comprising forming identifying information on the

capsule by the same additive manufacturing process used to build the capsule.

10. A method of obtaining a sample, the method comprising:

building a product with an additive manufacturing process;

forming a capsule with an internal chamber, the capsule formed while building the
product;

encapsulating a sample of powder used to build the capsule in the internal chamber as the
capsule is being built;

sealing the internal chamber so that the internal chamber is hermetically sealed from an
exterior environment with the sample of powder retained therein;

removing the capsule from the additive manufacturing process after the product is built;

and
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severing the capsule along a groove in the capsule by applying torsional stress to a first
flange and a second flange.

11. The method of claim 10, wherein the first flange is located at a first distal end of

the capsule, and the second flange is located at a second distal end of the capsule.

12. The method of claim 11, wherein the groove is located between the first flange

and the second flange of the capsule.

13. The method of claim 12, wherein the groove extends circumferentially around an

exterior surface of the capsule.

14. The method of claim 10, further comprising analyzing the sample of powder.

15. The method of claim 14, further comprising categorizing the additive

manufacturing product based on the analysis of the sample of powder.

16. The method of claim 10, further comprising forming identifying information on

the capsule by the same additive manufacturing process used to build the capsule.

17. The method of claim 10, wherein the powder comprises a metal powder.

18. A method of obtaining a sample, the method comprising:

building a product and a capsule through an additive manufacturing process;

forming an internal chamber inside of the capsule;

encapsulating a metal powder sample used to build the capsule in the internal chamber as
the capsule is being built;

forming identifying information on the capsule by the same additive manufacturing
process used to build the product and the capsule;

sealing the internal chamber so that the internal chamber is hermetically sealed from an
exterior environment with the metal powder retained therein;

removing the product and the capsule from the additive manufacturing process after the
product is built;

severing the capsule;

analyzing the metal powder sample; and

categorizing the product based on the analysis of the metal powder sample.

19. The method of claim 18 wherein severing the capsule is along a groove

in the capsule.

20. The method of claim 18 wherein severing the capsule is by applying

torsional stress to a first flange at a first distal end of the capsule and a second flange at a

second distal end of the capsule.



WO 2014/165334 PCT/US2014/031404

o

FIG. 1

10\|\




WO 2014/165334 PCT/US2014/031404

2/3

/m
L

Build
#7
A

\

/18
FIG. 2

(

451



PCT/US2014/031404

WO 2014/165334

€ 91d

O —~

SISATVNY Jd3dMOd
NO Q3sva LoNA0™d INIJOLIOVINNYW
JATLIQQAY JHL IONIZIJO9ALYD

1

8€ —~

3/3

J3dMOd 40 FTdWVS FHL INIZATVYNY

1

9€ ~

S3IINVIS
JINSdVI JHL OL SSIALS TVYNOISIOL
INIAIddY A8 ATNSAYD AHL INIJIAIS

"

— SS300™Ud INTANLIVINNYW IATLIQAQAY |_—pe
JHL WORH 3INSdV2 FHL ONIAOWI
A
3INSdYD IHL NO NOILYWAOANI  |_—~z¢
INIAJILNIQI INIWIOS
1
3INSdV2 IHL NI
QIINg LoNQA0™d IHL WOdd d3amod [~ 0¢
40 JTdWVS ¥ ONILYINSdYINI
4
19NQ0Y¥d IHL INIQTING g2
FIIHM FINSdV2 ¥ ONIWIOA
A
ONIANLIVINNYW 92
JALLIQQY A9 LONQA0Ud ONIQTING

AN

ve



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/031404

A. CLASSIFICATION OF SUBJECT MATTER
GO1N 1/28(2006.01)i, GO1N 33/20(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1IN 1/28; C12M 1/00; A61K 9/00; B29C 41/02; B32B 3/26; A61M 35/00; C12Q 1/68; B65D 85/42; GOIN 33/20

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)
cKOMPASS(KIPO internal) & Keywords: additive manufacturing, capsule, powder, groove and analyze

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US 2007-0259010 A1 (YOO et al.) 08 November 2007 1-20
See paragraphs 52-68 and figure 7.

Y US 2010-0028897 Al (OKAMOTO, HIDEAKI) 04 February 2010 1-20
See paragraphs 5,11,67 and figure 1.

A US 4936461 A (MAKIEJ, JR., WALTER J.) 26 June 1990 1-20
See column 1, line 66 - column 2, line 34 and figure 1.

A US 2012-0018926 A1 (MANNELLA et al.) 26 January 2012 1-20
See paragraphs 6-9 and figure 1.

A JP 2003-521340 A (3X ENGINEERING et al.) 15 July 2003 1-20
See paragraphs 6-22 and figure 1.

|:| Further 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" carlier 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
17 July 2014 (17.07.2014) 18 July 2014 (18.07.2014)
Name and mailing address of the [ISA/KR Authorized officer
International Application Division
¢ Korean Intellectual Property Office AHN, Jae Yul

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8525
Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/031404
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007-0259010 Al 08/11/2007 EP 1827391 A2 05/09/2007
EP 1827391 A4 17/03/2010
WO 2006-058247 A2 01/06/2006
WO 2006-058247 A3 16/11/2006
WO 2006-058247 A9 17/08/2006
US 2010-0028897 Al 04/02/2010 JP 05188314 B2 24/04/2013
JP 2010-035471 A 18/02/2010
US 8293475 B2 23/10/2012
US 4936461 A 26/06/1990 US 4793493 A 27/12/1988
US 4936461 A 26/06/1990
US 2012-0018926 Al 26/01/2012 US 8221858 B2 17/07/2012
JP 2003-521340 A 15/07/2003 AU 2001-31964 Al 14/08/2001
AU 3196401 A 14/08/2001
EP 1274396 A2 15/01/2003
FR 2804601 Al 10/08/2001
FR 2804601 Bl 26/04/2002
US 2004-0050402 Al 18/03/2004
US 7128925 B2 31/10/2006
WO 01-56540 A2 09/08/2001
WO 01-56540 A3 04/04/2002

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - claims
	Page 8 - claims
	Page 9 - drawings
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - wo-search-report
	Page 13 - wo-search-report

