wO 2014/109808 A2 ||} 0O A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/109808 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

17 July 2014 (17.07.2014) WIPOIPCT
International Patent Classification: (81)
C23C 14/34 (2006.01)

International Application Number:
PCT/US2013/066226

International Filing Date:
22 October 2013 (22.10.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/717,000 22 October 2012 (22.10.2012) US

Applicant: PROPORTIONAL TECHNOLOGIES, INC.
[US/US]; 8022 El Rio Street, Houston, TX 77054 (US).

Inventor: LACY, Jeffrey, L.; 8022 El Rio Street, Hous-
ton, TX 77054 (US).

Agent: HASLEY, Gregory, M.; Hasley Scarano, L.L.P,,
P.O. Box 25371, Houston, TX 77265 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). 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, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, 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,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR FABRICATING BORON COATED STRAWS FOR NEUTRON DETECTORS
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(57) Abstract: An apparatus and a process are disclosed for straw tube formation
utilized in. manufacturing boron coated straw neutron detectors. A preferred embod-
iment of the process for creating a thin walled straw for use in a boron coated straw
neutron detector comprises providing foil having a boron coating on a surface, form-
ing the coated foil into a cylindrical tube having a longitudinal seam and the boron
coated surface on the inside of the cylindrical, tube, and then ultrasonically welding
closed the seam of die tube. Optionally, the cylindrical tube can then be drawn
through a die to form a straw tube having a non-circular cross section, preferably a
star-shaped cross section.
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TITLE: METHOD AND APPARATUS FOR FABRICATING BORON COATED
STRAWS FOR NEUTRON DETECTORS

INVENTOR: Jeffvey L. Lacy, Ph.D.
Houston, Texas

APPLICANT: Proportional Technologies, Inc.

RELATED APPLICATIONS

0001} This application ¢laims priovity 1o U.S. Provisional Application No. 61/717,000
{“the “000 Applicagion™} filed October 22, 2012, The ‘000 Application is hereby mcorporated by
reference in its entirety for all purposes, including but not Himited to, all portions describing the
tube forming process of the present invention, those portions describing boron-coated straw
detectors in general as background and for use as specific embodunents of the present mvention,
and those portions describing other aspects of manufactunng and testing of boron-coated straws
that may relate to the present mvention.

GOVERNMENTAL SPONSORSHIP

{0002} This invention was made with government support under DTRA01-02-D-0067 awarded

by Defense Threat Reduction Agency and HSHQDC-12-C-00094 awarded by the Domestic

Nuclear Detection Office. The government may have certain nights i the invention.

REFERENCE TO A SEQUENTIAL LISTING
{6003} Not applicable.

BACKGROUND OF THE INVENTION

{0004} Field of the Invention

{6005] This mvention relates 1o fabricating thin walled straws from coated foil. More
particalarly, this invention relates to fabricating thin walled straws from boron coated foils
atihzing ultrasomic welding. Even more particularly, this invention relates 1o a continuous
process for fabricating thin walled straws from boron coated foils for use in neutron detectors

utifizing ulirasonic welding.

10006 Description of the Relared An
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{007} The application of neutron detection technology to the fields of national security,
oil/gas exploration, nuclear safeguards, neutron science instrumentation and other areas is greatly
expanding. Unfortunately, the neatron detection systems of choice which utilizes pressurtzed
tubes of “He have several limitations. While these systems can provide the needed spatial
resolution and gamma ray diserimination, this technology cannot achieve high rate operation
because of slow drift of positive ions. Furthermore, large detection areas are costly, because of
the complexity of the pressure vessels required, and parallax errors limit the time-of- flight
accwacy of the instrument. Perbaps the most problematic issue for the future of *He detectors is
a severe shortage of "He. Existing stockpiles of 3 He will soon be depleted and only limited
amounts are naturally available or available from decay of .S, and Russian tritiuns supplies.

Futare instrument expanstons will likely not afford the escalating cost of the dwindhng 3He

supply.
0008 Recognizing the problems with “He detector systems early on, Dr Jeffery L. Lacy
developed a new technology for replacing the “He detectors.  The technology was the boron-

coated straw detector. The boron-coated straw (BCS) detector was based on arrays of thin
walled boron-coated copper tubes, The elemental component of this detector was a long tube

e - ; Ly . . ‘ L - . T
{“straw’), generally about 1 to 4 mum in diameter, coated on the inside with a thin laver of '"B-

enriched boron carbide ('B4C).
) gt . {5 . R )
HOUY] Fhermal neutrons captured in 8 are converted into secondary particles, through

- ]
the ""B{n.«) reaction:

0 by e L £ {H)

The "Li and « particles are emitied isotropically in opposite directions with kinetic energies of
147 MeV and 0.84 MeV, respectively (dictated by the conservation of energy and momentun).
For a borvon carbide layer that 1s only about | un thick, one of the two charged particles wall

gacape the wall 78% of the time, and tonize the gas contained within the straw.,

00016} Each BCS detector was operated as a proportional counter, with its wall acting as
the cathode, and a thin wire tensioned through us center serving as the anode electrode, operated
at a high positive potential. Prumary electrons hiberated in the gas drift to the anode, and m the

high electric field close 1o the anode, avalanche multiplication occurs, delivering a very nyvach
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amplified charge on the anode wire. Standard charge~-sensitive preamplifier and shaping circuitry
were used to produce a low noise pulse for each neotron event. Gamma mteractions m the wall
produced near minimum ionizing electrons that deposit a small fraction of the energy of the
heavily onizing alpha and Li products. Gamma signals were effectively discriminated with a
simple pulse height threshold.

jo0011] The boron-coated straw detector technology was first patented by Dr. Lacy in
LLS. Patent 7,002,159 entitled " Boron-Coated Straw Neutron Detector™ based upon a November
13, 2002, filmg. As the thought leader of this technology area, 1. Lacy continued his research
and development to tmprove the boron coated straw detectors and to find new uses. Examples of
Pr. Lacy’s continued progress in this technology area are found i his other issued patents and
pending patent applications which include: ULS. Patent 8,330,116 entitled “Long Range Neutron-
Gamma Poit Source Detection and Imaging Using Rotating Detector”™;, ULS. Patent Application
12/792,521 filed June 2, 2010, entitled “Optimized Detection of Fission Neutrons LUsing Boron-
Coated Straw Detectors Distributed m Moderator Material” (allowed and sssue fee paid);, US.
Patent Application 13/106,785 filed May 12, 2011, entitled “Sealed Boron-Coated Straw
Detectors™, U8, Patent Application 13/106. 818 filed May 12, 2011, entitled “Neatron Detectors
for Active Interrogation”™; and LS. Patent Application 13/683 404 filed November 21, 2012,
entitled “Boron Coated Straw Detectors with Shaped Straws.” These patent and pending
applications mentioned in this paragraph are hereby meorporated by reference m thew entirety
for all purposes, wclnding bot not limited 1o those portions describing the structure and technical
details of the boron-coated straw detectors as background and for use ag spectlic embodiments of
the present invention, and those portions describing other aspects of manufacturing and testing of

boron-~coated straws that may relate to the present mvention.

{00012} Dr. Lacy also widely pubhshed articles on boron-coated straw  detection
capabilitics, fabrication, and development of prototypes for various applications including:
I L. Lacy, e al, “Novel newron detector for high rate imaging applications”, IFEE Nuclear

Science Spmpasium Conference Record, 2002, vol. 1, pp. 392-396;

J L. Lacy, ef of, “Straw detector for high rate, high resolution neutron imaging”, wm JEEE
Nuclear Science Symposivm Conference Record, 2005, vol. 2, pp. 623-627;

IoL. Lacy, ef of, “High sensitivity portable neutron detector for fissile matertals detection”™, IEEE

Nuclear Science Symposhan Conference Record, 2005, vol. 2, pp. 1009-1013;
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|3}

. L. Lacy, e af, “Performance of | Meter Straw Detector for High Rate Neutvon Imaging”,
IEEE Nuclear Science Symposium Conference Record, 2006, vol. 1, pp. 20-26;

3. L. Lacy, e af, “Long range nevtron-gamma point sovrce detection and imaging using unique
rotating detector”, EEE Nuclear Science Symposivm Conference Recard, 2007 vol 1, pp.
185-191;

Fabrication and materials for a long range neutron-gamma monitor psing straw
- Nuclear Science Nymposium um‘ rence Record, 2008, pp. 636-691;

I L. Lacy, eral ©
detectors”™, I8

Lo L. Lacy, ef al, “One meter square high rate neutron imaging panel based on boron straws’
CEE Nuclear Science Symposthan Conference Record, 2009, pp. 1117-1121;

1 L. Lacy, e af, “Boron coated straw detectors as a replacement for "He”, IEEE Nuclear Science
Svmpostan Conference Record, 2009, pp. 119-125;

J L. Lacy, ¢f o, “One meter square high rate neutron imaging panel based on boron straws”,
LEEE 2009 Nuclear Science Nvmpaosivun Conference Recor of, 2009, pp. 1117-1124;

3. L. Lacy, et al, “Inittal performance of large area neutron imager based on boron coated
straws”, TEEE 2010 Nuclear Science Svmposinn Conference Record, 2010, pp. 1786-1799;

1 L. Lacy, ef af “Imtial performance of sealed straw modales for large area neutron science
detectors”, JEEE 2017 Nuclear Science Symposiom Conference Record, 2011, pp. 431-435;

3 L. Lacy, et af, “Straw-Based Portal Monitor "He Replacement Detector with Expanded
Capabihity™, IEEE 2011 Nuclear Science Symposium Conference Record, 2011, pp. 431-435;

L. Lacy, et al, “Performance of a Straw-Based Portable Neutron Concidence/Multiphicity
Counter”, IEEE 2011 Nuclear Science Svapostun: Conference Record, 2011, pp. 529-532;

T

L. Lacy, et of, “Replacement of "He 1o Constrained-Volume Homeland Security Detectors”,
HEEE 2001 Nuclear Science Symposium Conference Record, 2011, pp. 324-325;

3 L. Lacy, ¢ al, “Initial performance of sealed straw modules for large area ﬁetztron seience
detectors™, JEEE 204§ Nuclear Science Sympasiwon Conference Record, 2011, pp. 431435,

T

L. Lacy, ef of, “Boron-coated straws as a replacement for 3He-based nentron detectors™,
Nuclear Instruments and Methods in Physics Research, Vol 652, 2011, pp. 355-363;

LL. Lacy, er ¢f, “Design and Performance of High-Efficiency Counters Based on Boron-Lined
Straw Detectors™, hwstifide of Nuclear Materials Management Annual Proceedings, 2012,

1L, Lacy, et al, “Boron-coated sttaw detectors of backpack monttors”, JEEE Transactions on
Nuclear Science, Vol 60, No. 2, 2013, pp. 1111-1117,
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[, “The Evolution of Neutron Suaw Detector Applications in Homeland Security™,
{

FL. Lacy, etal,
LEEE Transactions on Nuclear Science, Vol 60, No. 2, 2013, pp. 1140-1146.

Fach of these publications is hereby incorporated by reference into this application in their
entivety for all purposes.

{001 3] The “159 Patent discloses the priov art technique utilized to manufacture boron-
coated straw tubes. As stated in the 159 Patent at column 3, lines 46-31, “Ribbons of such '8
coated material may be helically wound with a second ribbon having no such '3 coating as an
outer overlapping layer {i.e.. one over the other) with application of a very thn fast setting
adhesive layer onto a precision cylindrical mandrel, producing a strongly bonded and rigid,

Kkl

geometrically precise eviindrical detector body.” The prior art process is further described at
column 9, lines 6-12 of the “159 Patent as “Straws are manufactured vsing a high speed winding
technique in which narrow ribbons of plastic or metal-coated plastic film are helically wound
around a cyhindrical mandrel of precise dimension. Quickset adhesive may be applied to the film
on the fy to instantly bond the mudiiple lavers of plastic ftlm together™ Fig. 1 discloses a
represemtation of the prior art straw tube manufacturing process developed by Dr. Lacy and
disclosed n the “159 Patent.

00014} in practice, the method of producing straw tubes disclosed in the “139 Patent,
while a sigmificant technological achievement, had several Iimitations. Inttially, the adhesive
utitized to bond the straw together could give off gases during operation and the outgas could
witertere with detector performance. Further, the temperature Himits of the adhesive could also
limit the conditions under which the detectors could operate. Finally, boron-coated straws of the
prior art formation were not readily shaped to have non-circular cross sections.

{00015} As can be seen, as the need for neatron detection systems expands, and boron-
coated straw detector systems replace “He detectors in many applications, there will be an
mcreasing need tor & method of manutacturing greater number of boron-coated straws for these
detectors, as well as straws with non-circular cross sections. Since the prior art process of
manufacturing straws was linited by the tinutations mentioned above, there exists a specitic

need for a better process that can produce guality boron-coating straws in increasing quantity.

SUMMARY OF THE INVENTION
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{016} The present invention is an apparatus and a process for straw tube formation
utifized in manufacturing the boron coated straw neutron detectors. A preferred embodiment of
the process for creating a thin walled straw for use 1o a boron-coated straw neutron detector
comprises providing a foil having a boron coating on a surface, forming the coated foil into a
cylindrical tube having a longitudinal seam and the boron coated swrface on the inside of the
cyhindrical wbe, and then welding, preferably ulirasonically welding, the seam of the tube,
Optionally, the cylindrical tube can then be drawn through a die to form a non-~circular cross
section, preferably a star-shaped cross section, straw tube.

[00017) Another embodiment comprises a continuous process beginning with providing a
supply reel of coated foil ribbon. The foil ribbon is then folded into a cvlindrical tube by
continuously pulling the foil through a series of forming dies and over a circular ¢ross-section
mandrel. Preferably, the foil 1s pulled by a pair of spinning wheels. Preferably, the foil supply
reet 1s also coupled to a tension motor to provide some resistance while the foil s pulled through
the die. After the foil exits the forming dies, it has been formed mto a cvlindrical tube having a
small overlap along the longitudinal seam of the tube.  The seam 1s then welded, preferably
ultrasonically welded, together as i exits the forming dies. Optionally, the welded cylindrical
tube can then be drawn through another series of formung dies to form & non-circular cross

section, preferably a star-shaped cross section, straw tube.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

j60018] A better understanding of the invention can be obtained when the detatfed
description set forth below 1s reviewed in conjunction with the sccompanying drawings, in
which:

[60019] Fig. 1 is a depiction of the prior art process for manufacturing boren-coated straw
tubes developed by Dr. Lacy;

0020} Fig. 2 is a process flow disgram depicting the process flow of a simplified
embodiment of the present invention,

{0021} Fig 3 i5 a photograph of a view through a microscope of an ultrasonically welded
seam from an embodiment of a boron-coated straw tube made in accord with the process of the

present nvention;
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{0022 Fig. 4 is a process flow diagram depcting the process flow for a continuous
process embodiment of the present invention;

[60023] Figs. 3A and B are frontal and side views of a series of forming disks as uithized
in an embodiment of the present invention;

{0024} Figs. 6 and 7 depict foil ribbon bemng formed into a eylindrical tube by being
pulled through forming die as may be utilized in an embodiment of the invention;

{60025} Fig. 8 is an overhead view of an embodiment of the foil drive mechanism that
pulls the cvlindrical tube and preceding foil ribbon through the forming die;

[a0026] Fig. 9 is a perspective view of the embodiment of Fig. 8.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS OF THE INYENTION

[00027] The present invention is an apparatus and a process for straw tube formation
utifized in mannfacturing boron coated straw neutron detectors. As shown in Fig. 2, in one
embodiment, primarily vtilized in a low volume production environment, the process involves 4
first step 10 of providing a strip of foil having a bovon coating. Preferably, the strip of foil has a
width shightly wider than the desired straw tube circumference. Generally, the strip will be about
.02 — (.04 inches wider than the desired circumderence. In order thai the foil substrate produce
minimat loss of incident neutron flux and to permit ease of forming, thia foil having thickness
000057 - 0.0027 is preferably employed. Formabihty can be further enhanced by annealing the
foil in a vacuum oven. Typically, copper foil is annealed at 300 °C for about 8 hours while
aluminum, depending on grade, can be done typically at 200 °C for 8 about hours. As will be
appreciated, the width and length of the foil strip can be determined by the desired straw tube
dimensions. Generally, the diameter of the straw tube will be between about 2mm and about 20
min, and the fength is between about 5 om and about 300 cra. Preferably, the coated ot 18
manufactured nsing the process disclosed m ULS. Patent ApplicationNe. filed
_______________________________________________________ . entitled “METHOD AND APPARATUS FOR COATING THIN FOIL WITH
BORON CARBIDE” which claims priority to US. Provisional Application Neo. 61/717.000 (“the
000 Application™) filed October 22, 2012, Applicant hereby incorporates this application by
reference in its entirety for all purposes, meluding but not fimited to the description and

characteristics of coated foils, the process for manufacturing coated foils, and the state of the art.
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{00028] A next shaping step 20 involves rolling the coated foil around an elongated
mandred or rod having a circular cross-section. Preferably, the mandrel has a diameter smaller
than the desired straw tube diameter. For example, for a 4 mm diameter straw tube, the mandrel
should be about 3 mm in diameter. In this step, the foil can be manually rolled. Preferably, an
apparatus 18 provided that mcludes the mandrel and a stop that holds the outer edge of the foil in
place while rolling occurs. The foil and rod are rolled firmly, preferably against a solid flat
surface such as a granite slab, forming the foil mto a cylindrical tube 1o form a cylindrical tube
with an overlapping longitudmal seam. The foil 13 formed keepmg the boron coating on the
mside of the eylindrical wbe.

[O0029] Once the cvlindrical tube has been formed, the welding step 30 comprises
welding the seam of the wbe together, preferably vtihizing ultrasonic welding. An ultrasonic
weldmg machine suitable for nse m the current process can be obtained for example from
Senobond Ultrasonic, Inc, Model MS-5010B. Suach devices are commonly used n the foil
industry for sphicing fong lengths of foil together in continnous production. For ultrasonic
welding, a rod having the precise inner diameter of the intended straw fube 1s preferably mserted
ternal to rolled foil prior to welding to provide support while welding, This larger rod
preferably expands the rolled tube to the precise diameter dimension of the deswred straw. The
use of the smaller forming rod in the previous step, canses the rolled tube to conform snuggly to
the final weld rod. Preferably, an ultrasonic welding head rolls along the seam as the rod is
transiated at the circumferential velocity of the weld head.  Generally, the welding head
resembles a wheel or dise and 1t 13 rolled along the seam 1o perform the weld. The head vibrates
perpendicularly 1o the seam and provides a high pressure at the seam. The lavers of foil are
essential rubbed together wnder high pressure to form a metallurgical bond without application of
heat. For welding of thin foils, it is highly advantageous to utilize high ultrasonic excitation
frequency of approximately 50,000 Hz.

00030} As can be seen in Fig. 3, ulirasonic welding of the coated foil seam produces
welded seam that is difficult to distinguish from the remaining portion of the straw tube, Fig. 3
shows a view of 8 welded straw seam under a microscope at high magnification. {tis
particalarly important that the weld seam is clean and smooth when the straws are to be further

shaped 1o step 40.
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{00031} After the cvlindrical straw tube is formed, the tube may optionally be reshaped i
step 40 to provide a non-civcular cross section, preferably a star-shaped cross section. The
cyhndrical straw 13 drawn or pulled through a forming die having the desired non-circular shape.
Preferably, the coated foil is manufactured using the process disclosed in U.S. Patent Application
No. 13/683 404 filed November 21, 2012, entitled "BORON-COATED STRAW DETECTORS
WITH SHAPED STRAWS™ which claims priority to U.S. Provisional Application No.

51/562 688 filed November 22, 2011, Applicant hereby incorporates this application by
reference in its entirety for all purposes, meluding but not Limited to the description and
characteristics of shaped straws, testing and evaluation of the straws, the process for
manufacturing the shaped straws, and the state of the art.

{60032} Another embodiment 1s an apparatus and process for continuously forming straw
tubes from foil nbbon with a boron coating.  As shown in Fig. 4, this process begins in step 110
by providing a reel 112 of boron coated foil ribbon 114, The properties and characteristics are of
the foil ribbon 114 are the same as described above except that the reel 112 containg a long
ribbon of coated foil capable of supplying enough foil ribbon for multiple straw tubes.

{00033} In the next step 120, the forward portion of the foil ribbon 114 is formed into a
cvlindrical tube. As shown in Figs. 5A, 3B, 6 and 7, the foil nibbon is pulled through a series of
forming dies 121-126 and over a circular cross-sectioned mandrel 128, As shown in Fig. SA,
preferably, the series of dies provide a gradual folding or rolling of the foil into a eylinder. The
radius of the slot in each die may gradually decrease as the slot converges into g cireular form.,
For example, the die 121 may have a 1O inch radios, die 122 may have a 0.8 inch rading, die
123 may have a 0.6 inch radius, and the remaining dies have g 0.4 inch radius as they close to a
complete circle. As shown in Fig. 3B, the dies are preferably spaced apart to allow the foil ribbon
to be coiled gradually as it is drawn through the dies. Preferably, as the foil is rolled into a
cylinder, it is rolled around s circular cross-section mandrel 128 having a precise diameter that is
shightly smaller than the desired straw inner diameter to allow for a very shight spring following
welding,  Dies 121-126 may be connected using threaded rods 127 to form a structure for the
eylindrical formation. Mandrel 128 can be sapported by a floating rod 129 suspended from a die
124, Although six die are shown in Figs. 5A and 3B, as will be appreciated, fower or more die
can be utilized depending upon a number of factors, ncluding but not imited to, the diameter of

the straw tube being formed.
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{00034] Preferably, the foil 114 is pulled continuously from the reel 112 through the dies
121-126 by a pair of spmning wheels 132, As shown in Figs. 8 and 9, a preferred embodiment
mclades a payr of concave faced, rubberized wheels 132 located at the output of the device. Ina
preferred embodiment the wheels 132 are driven indirectly by belts 133 which are connected to
putleys 136 which are driven through gears 138, which are in turn driven by a motor (not
shown). Preferably, the gap between wheels 132 is adjustable depending upon the diameter of
the straw tube desired. During the folding step 120, the foil supply reel 112 is preferably
coupled to a tension motor (not shown) to provide some resistance while it's being pulled mto the
die. After the foil ribbon 114 exats the formmng dies 121-126 in step 120, a eylindrical tube with
a circular cross section and a longitudinal seam has been formed. Preferably, an additional
approximately 0.020" — 0.0407 m foil width provides a small overlap on the scam of the tube,
00035} The cylindrical tube is then drawn into welding step 130, In welding step 130, the
cvlindrical tube is preferably ultrasonic welded near the die output, The general characteristics
of the ulirasonic welding process in thus embodiment are the same as previously discussed. Ina

preferred embodiment, a single drive motor can tirn the wheel gears 138 and drive the welder

head.
{00036} Once a destred length of straw tube has been formed and ultrasonically welded,

the straw tube is cut using a guillotine or shear cutter from the remaining in-process tobe in step
140,

{80037] After formation of the cvlindrical straw tube, and the tube exits the driving wheel
mechanism, a shaping step 150 may be wtilized. The cvlindrical tube is preferably doven
through another series of forming dies which form the straw into a non-cylindrical shape,
preferably star-shaped cross-section. As used herein, “star-shaped” inclades a star having any
nmumber of points. In a preferred embodiment, the cvlindrical tube is pulled through a star-
shaped mold that forces tube to take that star shape. The general configuration and
characteristics of the non-circular shapes as discussed above are equally applicable in this step.
Step 150 may occur either prior to or after step 140,

0038} In aliernative embodiments to the processes described above, those skilled in the
art will recognize that other forms of joining and producing a clean seam m the straw may be
applicable. Examples of alternative techniques include laser welding using ND:IYAG pulsed

laser, such as the iWeld 980 supplied by LaserStar Technologies Corporation, One Indostrial

10
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Court, Riverside, Rhode Island 02915, Other ahernatives include solder or braze joining. Since
the cyhindrical straw tubes or the non-circular cross section straw tubes are preferably contamed
within a hermetic housing, there is no absolute requirement the joint be hermetically sealed.
some applications simple tack soldering at widely spaced points can produce highly functional
targer eylindrical tubes.

[H0039] As can now be appreciated, there are several advantages of the present invention

over the prior art. These advantages include following:

Ll

Operation HMighetsmperature operatian Cperativnat high
hmited by sdhseivs tempuraturss, up o
outgsssing 150

Supply chain tssues  Reguines sxpoeting of coated noas
Foil Simparting of straw
material

Production cost ey S100hour
je0040] Although the invention has been described in reference to its preferred

embodiments, those of skill in the art may appreciate from this description various changes and
modifications which can be made thereto which do not depart from the spirit and scope of the

mvention as described and claimed herein.

11
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CLAIMS:

i A process for creating 8 thin walled straw tube for nse in a boron-coated straw
nentron detector comprising:
providing foil having a boron coating on a swrface;
forming the coated foil into a oviindrical tube having a longitudinal seam an
nterior boron coated surface: and

utirasontcally welding together the edges of the seam of the tube.

2. The process of claim 1, further comprising the step of advancing the cvlindrical

tube throngh a forming dye to form a non-circular shaped tube.

3. The process of claim 2 wherein the non-circular shape 13 a star-shape.
4, The process of claim | wherein said providing foil step comprises providing a roll

of coated foit on a reel

S The process of claim 1 wherein said step of forming a covhindrical tube comprises

folding the foil around a mandrel.

8. The process of claim 5 wherein said mandrel comprises a red slighily smaller in

digmeter than the diameter of the tube betng formed 1o order to compensate for spring following

welding.
7. The process of claim 1, wherein said foil has a wadth slightly wider than a desired

tube chircwnference,

8. The process of clanm 1 wheretn said step of torming & ovhindrical tube comprises

drawing the foil through a series of forming dyves and over a circular mandred.

9. The process of claim § wheremn the drawing of said foil utilizes a pair of concave

faced, rubberized wheels.
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10, The process of claim & wherein the series of forming dyve comprises three or more

dve.

t1. The process of claim § farther comprising the step of providing some resistance o

the foil producing tension as it is pulled through the dves.

12, The process of claim | further comprising removing the oylindrical tube from the
mandrel and inserted a rod having an outside diameter approximately equal in diameter to the

desired mside diameter of the evlindrical tube that is bemng formed.

13, A process for creating a thin walled straw tube for use in a boron-coated straw
neutron detector comprising:

providing foil having a boron coating on a surface;

forming the coated foil into a cylindnical tube having a longitudinal seam and an
interior boron coated surface by foldmg the foil aroond first rod slightly smaller in
diameter than the diameter of the tube being formed in order fo compensate for spring
following welding;

removing the eyvlindrical tube from the first rod and mserting a second rod having
an cutside diameter approximately equal in diameter to the desired inside diameter of the
cylindrical tube that is bemg fonmed; and

welding together the edges of the seam of the tube,

4. A process for creating a thin walled straw tube for use in a boron-coated straw
neutron detector comprising:
providing a reel of foil ribbon having & boron coating on a surface;
pulling the coated foil ribbon through a senes of forming dye and over a
cylindrical mandrel o form a cylindrical tube having a longitudinal seam an interior
boron coated sarface;

welding together the edges of the seam of the tube;

cutting the straw tube to the destred length after welding.

13
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15, The process of clamm 14, wherein said welding step comprises ulirasonically

welding together the edges of the seam of the tube.

16, The process of claim 14, further comprising the step of advancing the cyvlindrical

tube through a forming dyve to form a non-~circular shaped tube.

17, The process of claim 16 wherein the non-circular shape is a star-shape.

18, An apparatus for manufacturing straw tubes from foil ribbon comprising:

a reel comprising a foil ribbon;

a sertes of fomung dye through which the foil ribbon is to be pulled, each dye
comprising a slot for gradually folding the fod ribbon mio a oylindrical straw.

a wheel drive mechanisin for pulling the foil through the dve, the wheel dnve
mechanism comprising a pair of rotatable wheels, a pair of bands, a pair of pullevs, each
bands operably connected to one wheel and one pulley, wherein rotation of the pullevs
rotates the wheels; and

ultrasonic welding machine for welding together the edues of the cyvlindrical fube

after formation.

19, The apparatus of claun 18 wherein said rotatable wheels comprnise a pair of

concave faced, rubberized wheels.

20, The apparatus of claim I8 wheremn the seriey of forming dye comprises three or

more dye.

21, The process of clamm 18, further comprising a tension regulator for providing

resistance to the foil and producing tension as 1t 13 polled through the dyes.
22, in 8 radiation detector comprising boron-coated straw tubes, the bnprovement

comprising boron coated straw tubes being formed from rolled foil and having a longitudinal

seam welded closed through ultrasonic welding.
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