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Execution Version 

INTELLECTUAL PROPERTY ASSIGNMENT 

For good and valuable consideration, the receipt of which is hereby acknowledged, O.S.S. 
Holdings, LLC, a Utah limited liability company having a place of business at 14051 Sage Hollow 
Drive, Draper, Utah 84020 ("Assignor"), hereby assigns, conveys and transfers to OSS 
Suppressors LLC, a Texas limited liability company, having a place of business at 5430 LBJ 
Freeway, Suite 1480, Dallas, Texas 75240 ("Assignee"), all of Assignor's right, title and interest 
in and to the intellectual property set forth in the following clauses (A), (B) and (C) (the "Assigned 
Intellectual Property") pursuant to that certain Asset Purchase Agreement, dated as of December 
10, 2014 by and among Assignor, Assignee, Praeda, Inc., and Holliday Holding LLC (the "Asset 
Purchase Agreement"), 

(A) the patents, patent registrations and patent applications owned or purported to be 
owned by Assignor at the time immediately prior to the Closing, including, but not 
limited to, those patents, patent registrations and patent applications identified on 
Schedule A hereto as well as all inventions disclosed therein and all continuations, 
divisions, continuations-in-part, reissues, and extensions thereof, and all Letters 
Patent of the United States and any foreign country which may be granted thereon, 
and all rights to claim priority on the basis of any of the foregoing; 

(B) inventions, trademarks (and goodwill associated therewith), Internet domain 
names, copyrights, trade secrets and know-how, in each case which are owned or 
purported to be owned by Assignor at any time prior to the Closing; and 

(C) all agreements relating to intellectual property between Assignor and OSS 
(Operators Suppressor Systems Inc.), a Wyoming corporation ("OSS"), including 
but not limited to, that certain License Agreement dated August 4, 2012 by and 
between Assignor and OSS. 

together with the goodwill of the business symbolized by the Assigned Intellectual Property, any 
future registrations of the Assigned Intellectual Property, and all common law rights associated 
with the Assigned Intellectual Property, and, any and all causes of action and other rights assertable 
under the Assigned Intellectual Property, including, without limitation, the right to sue for 
infringement, misappropriation ot: or improper activities regarding the Assigned Intellectual 
Property, subject, in all cases, to the Asset Purchase Agreement referred to above, and the right to 
enjoy all of the monetary benefits obtained as a result of any such litigation, the same to be held 
and enjoyed by Assignee, its successors and assigns, as fully and entirely as the same would have 
been held and enjoyed by Assignor had this Intellectual Property Assignment not been made. 

This Intellectual Property Assignment shall be governed by and construed in accordance 
with the laws (but not the rules governing conflicts oflaws) of the State of Texas. 

All capitalized terms used in this Intellectual Property Assignment but not otherwise 
defined herein, are given the meanings set forth in the Asset Purchase Agreement. 

Intellectual Property Assignment Page I 
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Execution Version 

This Intellectual Property Assignment may be executed in any number of counterparts, alJ 
of which together shall constitute one and the same document. A photocopied or facsimile 
signature shall be deemed to be the functional equivalent of a manually executed original for all 
purposes. 

This Intellectual Property Assignment sha]] be binding upon, and inure to the benefit of, 
and be enforceable by, Assignor, Assignee and their respective successors and assigns. 

Executed as of the 10th day of December, 2014. 

O.S.S. HOLDINGS, LLC 

c., Manager 

OSSSUPPRESSORSLLC 

B~it;;~ 
Richard Emery, ..._ ____ _ 

::::::,.. 

CEO 
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Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will 
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application 
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF 
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify 
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit 
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
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ENERGY AND PARTICULATE CAPTURE AND CONTROL DEVICES 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
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patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
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Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c). 
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INVENTOR(S) 
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0 The address corresponding to Customer Number: 

I 
20,551 

I OR 

□ 
Firm or 
Individual Name 

Address 

City State Zip 

Country Telephone Email 

ENCLOSED APPLICATION PARTS (check all that apply) 

□ Application Data Sheet. See 37 CFR 1. 76 □ CD(s), Number of CDs 

0 Drawing(s) Number of Sheets 10 □ Other (specify) 

[2] Specification (e.g. description of the invention) Number of Pages 16 

Fees Due: Filing Fee of $220 ($11 O for small entity). If the specification and drawings exceed 100 sheets of paper, an application size fee is 
also due, which is $270 ($135 for small entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

METHOD OF PAYMENT OF THE FILING FEE AND APPLICATION SIZE FEE FOR THIS PROVISIONAL APPLICATION FOR PATENT 

0 Applicant claims small entity status. See 37 CFR 1.27. 

I 110.00 I 
□ 

A check or money order made payable to the Director of the United States Patent and Trademark Office 
is enclosed to cover the filing fee and application size fee (if applicable). 

□ Payment by credit card. Form PTO-2038 is attached. 
TOTAL FEE AMOUNT($) 

0 The Director is hereby authorized to charge the filing fee and application size fee (if applicable) or credit any overpayment to Deposit 

Account Number: 2Q-QjQQ 

USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT 
This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 8 hours to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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WARNING: 
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numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by 
the USPTO to support a petition or an application. If this type of personal information is included in documents submitted to the 
USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting them 
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of 
the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of 
a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14 ). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

SIGNATURE /eriksericksen/ Date 02/11 /201 0 

TYPED or PRINTED NAME ________ E_r_ik_S_. _E_ri_c_ks_e_n _______ _ REGISTRATION N0. __ ~4~8~9~5~4 __ _ 
(if appropriate) 

TELEPHONE ______ ~(8=0~1~)=5=66~-=6=63=3~------- Docket Number: 3212.002.PROV 

010



PROVISIONAL PATENT APPLICATION 

Attorney Docket No. 3212-002.PROV 

UNITED STATES PROVISIONAL PATENT APPLICATION 

of 

Russell Oliver 

for 

ENERGY AND PARTICULATE CAPTURE AND CONTROL DEVICES 

THORPE, NORTH & WESTERN, LLP 
ATTORNEYS AT LAW 

8180 SOUTH 700 EAST, SUITE 350, SANDY, UTAH 84070 
801.566.6633 TELEPHONE 

801.566.0750 FACSIMILE 

011



ENERGY AND PARTICULATE CAPTURE AND CONTROL DEVICES 

BACKGROUND 

High energy sources can produce undesirable levels of acoustic n01se and/or 

particulate pollution. Frequent exposure to high levels of acoustic noise can cause 

permanent or temporary hearing loss. Furthermore, in the case of firearms discharge, such 

5 acoustic noise can also provide information as to location of a shooter. In the field of 

firearm sound suppression, basic sound suppression technology has varied only modestly 

over the past hundred years. Generally, these designs are based on internal baffles which 

direct gases into vortices or other flow patterns with optional expansion chambers. 

Although these designs provide suppression of sound from firearm discharge, there is still a 

10 substantial decibel level produced when using these devices. Those designs which reduce 

sounds to a higher degree also tend to have a lower useful lifespan. Many of the current 

high-end designs utilize a sound absorbing fluid such as oil or water in the device. Such 

fluids must be periodically replaced (e.g. every few shots) and can be vaporized and 

distributed into the air upon discharge of the firearm. Therefore, despite some 

15 advantageous performance of these devices, many challenges still remain in achieving a 

long service life suppressor with low maintenance requirements and high acoustic 

suppression performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side cross-sectional view of a device showing multiple concentric tubes, 

20 a helical wall, and series of deflectors. 

25 

FIG. 2 shows several views of an innermost tube having apertures to allow fluids 

from the central chamber into the off axis chamber. 

FIG. 3 shows a perspective and side cross-sectional view of a locking block having 

a tapered throat portion. 

FIG. 4 shows a perspective and side cross-sectional view of a locking block having 

a tapered throat portion with an intermediate throat portion. 

FIG. 5 shows a perspective and side cross-sectional view of a primary deflector. 

FIG. 6 shows a perspective and side cross-sectional view of a secondary deflector. 

FIG. 7 shows a perspective and side cross-sectional view of a tertiary deflector. 
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5 

10 

FIG. 8 shows a perspective and side cross-sectional view of a tube cap. 

FIG. 9 shows a perspective and side cross-sectional view of an end cap. 

FIG. 10 is a side view of a single revolution helical wall. 

FIG. 11 is a side view of a 2 revolution helical wall. 

FIG. 12 is a side view of a 3 revolution helical wall. 

FIG. 13 is a side view of a 4 revolution helical wall. 

FIG. 14 is a side and end view of an octagonal outer shell. 

FIG. 15 is a side cross-sectional shaded contour view of an optional device having 

rectangular cross-section helical walls in the annular spaces. 

FIG. 16 is several views of a particulate capture module having a particulate 

absorbent material contained therein. 

FIG. 17 is a perspective partial see-through view of a device having longitudinal 

chambers which are each off set from the central axis. 

These figures are provided for convenience in describing the following aspects. In 

15 particular, variation may be had in dimensions, materials, configurations and proportions 

from those illustrated and not depart from the scope of the invention. 

DETAILED DESCRIPTION 

While these exemplary embodiments are described in sufficient detail to enable 

20 those skilled in the art to practice the invention, it should be understood that other 

embodiments may be realized and that various changes to the invention may be made 

without departing from the spirit and scope of the present invention. Thus, the following 

more detailed description of the embodiments of the present invention is not intended to 

limit the scope of the invention, as claimed, but is presented for purposes of illustration 

25 only and not limitation to describe the features and characteristics of the present invention, 

to set forth the best mode of operation of the invention, and to sufficiently enable one 

skilled in the art to practice the invention. Accordingly, the scope of the present invention 

is to be defined solely by the appended claims. 

Definitions 

30 In describing and claiming the present invention, the following terminology will be 

used. 
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5 

The singular forms "a," "an," and "the" include plural referents unless the context 

clearly dictates otherwise. Thus, for example, reference to "a tube" includes reference to 

one or more of such members, and reference to "directing" refers to one or more such 

steps. 

As used herein with respect to an identified property or circumstance, 

"substantially" refers to a degree of deviation that is sufficiently small so as to not 

measurably detract from the identified property or circumstance. The exact degree of 

deviation allowable may in some cases depend on the specific context. 

As used herein, "adjacent" refers to the proximity of two structures or elements. 

10 Particularly, elements that are identified as being "adjacent" may be either abutting or 

connected. Such elements may also be near or close to each other without necessarily 

contacting each other. The exact degree of proximity may in some cases depend on the 

specific context. 

As used herein, a plurality of items, structural elements, compositional elements, 

15 and/or materials may be presented in a common list for convenience. However, these lists 

should be construed as though each member of the list is individually identified as a 

separate and unique member. Thus, no individual member of such list should be construed 

as a de facto equivalent of any other member of the same list solely based on their 

presentation in a common group without indications to the contrary. 

20 Concentrations, amounts, and other numerical data may be presented herein in a 

range format. It is to be understood that such range format is used merely for convenience 

and brevity and should be interpreted flexibly to include not only the numerical values 

explicitly recited as the limits of the range, but also to include all the individual numerical 

values or sub-ranges encompassed within that range as if each numerical value and sub-

25 range is explicitly recited. For example, a numerical range of about 1 to about 4.5 should 

be interpreted to include not only the explicitly recited limits of about 1 to about 4.5, but 

also to include individual numerals such as 2, 3, 4, and sub-ranges such as 1 to 3, 2 to 4, 

etc. The same principle applies to ranges reciting only one numerical value, such as "less 

than about 4.5," which should be interpreted to include all of the above-recited values and 

30 ranges. Further, such an interpretation should apply regardless of the breadth of the range 

or the characteristic being described. 
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Any steps recited in any method or process claims may be executed in any order 

and are not limited to the order presented in the claims. Means-plus-function or step-plus­

function limitations will only be employed where for a specific claim limitation all of the 

following conditions are present in that limitation: a) "means for" or "step for" is expressly 

5 recited; and b) a corresponding function is expressly recited. The structure, material or acts 

that support the means-plus function are expressly recited in the description herein. 

Accordingly, the scope of the invention should be determined solely by the appended 

claims and their legal equivalents, rather than by the descriptions and examples given 

herein. 

10 Energy and Particulate Capture and Control 

An energy capture and control device can comprise a central chamber oriented 

along a central axis within an outer shell. The central chamber can have an inlet configured 

to receive a high energy material from a high energy outlet. An off axis chamber can be 

oriented within the outer shell in fluid communication with the central chamber. The off 

15 axis chamber can have a fluid outlet and multiple internal walls configured to produce an 

axially serpentine fluid pathway which dissipates energy transferred from the high energy 

material. 

As illustrated in FIG. 1, the central chamber can further comprise a locking block 

oriented at the inlet. The locking block can have an engagement surface configured to 

20 attach to the high energy outlet and a hollow interior along the central axis, said hollow 

interior having a reducing throat portion and a flared outlet. FIG. 3 and FIG. 4 illustrate two 

optional configurations for a locking block. 

In another aspect, the central chamber can further comprise a plurality of deflectors 

oriented in series along the central axis. A variety of specific contours and deflector shapes 

25 can be used. In one aspect, the plurality of deflectors can be frustoconical having a hollow 

interior along the central axis and each having a flared exit portion as illustrated in FIG. 1 

and FIGs. 5-7. The embodiment shown in FIG. 1 and FIG. 15 illustrate a plurality of 

deflectors which include a primary deflector, a secondary deflector, and at least one tertiary 

deflector, e.g. the at least one tertiary deflector can often include four deflectors. The 

30 tertiary deflectors are not required but can be at least partially engaged within the flared 
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exit portion of an adjacent deflector. In another optional aspect, the plurality of deflectors 

can span substantially the entire central axis along the central chamber. 

The multiple internal walls can provide an increased volume for fluid expansion 

and increased acoustic absorbent path length. In one aspect, the multiple internal walls are 

5 formed by multiple concentric tubes having progressively larger diameters so as to form 

annular spaces between each adjacent tube, as illustrated in FIG. 1 and FIG. 15. The 

axially serpentine fluid pathway can be formed using a variety of wall configurations. In 

one aspect, the concentric tubes can have ends offset from an adjacent tube so as to produce 

a serpentine fluid annular pathway. The multiple concentric tubes can include an 

10 innermost tube which includes orifices oriented to allow fluid to pass from the central 

chamber into a first annular space adjacent the innermost tube and through the annular 

spaces of progressively larger diameter. One configuration of an innermost tube is shown 

in FIG. 2. Orifices can be varied in location, size and number for individual designs. In 

one aspect, the holes can oriented adjacent a contact point between a deflector and an inner 

15 wall of the innermost tube. 

Another optional aspect of the device is to include a helical wall oriented within at 

least one of the annular spaces to direct fluids along a helical path within the at least one 

annular space. Although not all of the annular spaces need a helical wall, in one aspect all 

of the annular spaces which define the fluid pathway include a helical wall. FI Gs 1 and 10-

20 13 illustrate a helical rod having a spring-like shape. FIG. 15 illustrates a helical wall 

having a square cross-section. However, any suitable cross-section can be used ( e.g. 

quadrilateral cross-section or a circular cross-section). As illustrated in FIGs. 10-13 the 

helical walls can have varying winding ratios (i.e. windings:diameter). This winding ratio 

can be varied to optimize performance of the device for particular applications based on a 

25 number of variables (e.g. caliber, back pressure, etc.). The helical walls can be optionally 

replaceable so as to provide an adjustable tuning or may be fixed. This ratio can also be 

changed in order to control and/or adjust the energy transfer velocity and subsequent back 

pressure returned to the high energy outlet. This innovation is a completely new approach 

and resolves or mitigates adverse effects that traditional sound suppressors have on their 

30 host weapon. For example, 75% loss of expected life span of the weapon due to excessive 

PSI, rate of fire increases, excessive fouling and carbon buildup, debris returning to the 
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operators face via the chamber of the barrel, unreliability due to combinations of these 

issues. These drawbacks can be largely eliminated or substantially reduced using the 

configurations described herein. 

Generally, a higher rate of twist provides a greater path length for fluids along the 

5 fluid pathway to the chamber outlet. Although other ratios can be suitable, in one aspect, 

the helical wall has a winding ratio of about 3: 1 to about 8: 1. In one aspect, the device can 

include five multiple concentric tubes forming the annular spaces although other numbers 

of concentric tubes can be suitable. For example, pistol suppressors can sometimes utilize 

fewer chambers while high caliber rifles can utilize more chambers to achieve desirable 

10 sound suppression. 

In another aspect, the off axis chamber can further include an annular dampening 

chamber oriented about the central chamber and being filled with an energy absorbent 

material. The dampening chamber can be oriented adjacent the outer shell as illustrated in 

FIG. 1 and FIG. 15. The energy absorbent material can be any suitable acoustic impedance 

15 filter. Generally, the material can absorb and/or deflect acoustic waves back toward the 

bullet path. In one aspect, the energy absorbent material is a dry material. Non-limiting 

examples of suitable material can include powder tungsten filament, metal powder, 

graphite, polymer, and the like. In one aspect the material can be a powder tungsten 

filament or other heavy metal or metal powders (e.g. aluminum, stainless steel, carbon 

20 steels, iron, copper, tantalum, titanium, vanadium, chromium, zirconium, carbides of these, 

alloys of these, and the like). Although fluids could be used ( e.g. oil, water etc.) these are 

generally not needed and can be conveniently omitted without loss of performance. This 

dampening chamber can be used in connection with or without the axially serpentine fluid 

pathway or the plurality of deflectors. The energy absorbent material can also be 

25 optionally introduced into other chambers within the device. For example, the energy 

absorbent material can be particularly beneficial when placed in one or more annular 

spaces intermediate between the central axis and the outer shell. In one aspect such as 

those shown in FIG. 1 and FIG. 15 a tapered annular space exists between the locking 

block throat and the adjacent tube (i.e. tube 3). 

30 The outer shell can be generally tubular and have any suitable cross-section shape. 

in one aspect, the outer shell has an octagonal cross-section as shown in FIG. 1 A-A and 
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FIG. 14. The outer shell can optionally have a circular cross-section or any other desired 

shape (e.g. 5, 6, 7, 9 or 10 sides). Optionally, the outer shell can include an end cap 

assembly at an outlet end of the central chamber and which allows fluid to escape from the 

off axis chamber. The end cap assembly shown in FIG. 1 (and FIG. 8 and 9) shows an 

5 assembly where the outlet slits along the tube cap (FIG. 8) and the exit apertures of the end 

cap (FIG. 9) are offset to prevent an unobstructed exit of fluids from the chamber. 

In some applications a modular system can be desirable to allow for adjustable 

acoustic suppression in the field. For example, the device can be modularized along the 

central axis to form at least two detachable portions. In one aspect, the chamber can be 

10 divided between the secondary and tertiary deflectors of FIG. 1 and capped at the junction 

on each corresponding end. The ends can include an engagement mechanism to secure the 

modules together when desired. Non-limiting examples of suitable engagement 

mechanisms can include threaded engagement, recessed locking, interference fit, detent 

locking, and the like. The modular design can be sub-divided into additional sub-modules 

15 as desired and reassembled to provide function individually or assembled. 

In another optional aspect, a particulate modular attachment can be used to capture 

particulates from the high energy material as it exits the chamber. This can be particularly 

useful in firearm applications where the high energy material is a bullet. Regardless, the 

particulate modular attachment can have a particulate inlet and a module outlet defining a 

20 particulate control chamber (as shown in FIG. 16). The attachment can be configured to 

attach to the fluid outlet and remove particulates. In one aspect, the particulate modular 

attachment includes a self-healing polymeric material oriented in the particulate control 

chamber. The self-healing polymeric material can be any suitable material such as, but not 

limited to, expanded polyurethane, expanded polyethylene, expanded polystyrene, 

25 ionomeric metal salt of an ethylene-vinyl copolymer, copolymers thereof, and composites 

thereof In one aspect, the self-healing polymeric material is expanded polyurethane or an 

ionomeric metal salt. The chamber can optionally include a removable cap to allow the 

polymeric material to be periodically replaced. Over time, this material can lose its 

resiliency and/or accumulate excessive particulates sufficient to make replacement 

30 desirable. 
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In another aspect, the device has substantially no moving parts during operation. 

This can greatly improve the useful life of the device by avoiding or reducing mechanical 

friction and potential for part wear and/or fatigue. In one aspect, the central chamber 

includes a central chamber outlet along the central axis and the high energy material is a 

5 bullet. The high energy outlet in this case can be a firearm muzzle ( e.g. rifle, pistol, etc). 

Although the parts of the device can be formed of any suitable material, the central 

chamber and off axis chamber can be formed substantially of titanium. Non-limiting 

examples of other suitable materials can include high impact polymers, stainless steels, 

aluminum, molybdenum, refractory metals, super alloys, aircraft alloys, carbon steels, 

10 composites thereof, and the like. One or more of the individual components can further 

include optional coatings such as, but not limited to, diamond coatings, diamond-like 

carbon coatings, molybdenum, tungsten, tantalum, and the like can also be used. These 

components can be molded, machined, deposited or formed in any suitable manner. 

Currently, machining can be particularly desirable but is not required. 

15 FIG. 17 illustrates another optional configuration for the multiple internal walls 

which form a plurality of longitudinal chambers and are each off set from the central axis 

and fluidly connected to from the axially serpentine fluid pathway. In this case, the 

longitudinal chambers include a first primary chamber which splits the fluid flow into two 

paths at the end. The two paths serpentine along opposing sides and then recombine at a 

20 lower common chamber which can then direct fluids to a chamber exit. 

The devices can generally perform well for a large number of cycles, periodic 

optional cleaning can remove film, debris or other material which collects within the 

device. Non-limiting examples of suitable cleaning protocols can include sonication, 

solvent immersion, disassembly, and high pressure air. Although specific acoustic 

25 suppression performance can vary depending on the specific configuration and options 

included, these designs have shown up to 15% sound reduction. The resulting devices can 

dramatically suppress acoustic impact of high energy materials with minimal maintenance 

and high cycle life. 

Although the devices described are exemplified in terms of firearms, other 

30 applications can also benefit from these configurations. For example, high velocity/high 

temperature gases, projectiles, heat or sound energy can be suppressed using these devices. 
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5 

By adjusting the chamber configurations ( e.g. number or shapes of tubes, deflectors, 

windings, etc) the back pressure can be tuned for a particular application. Most often, the 

device also does not adversely affect performance of the host mechanism to which it is 

attached. 

The foregoing detailed description describes the invention with reference to specific 

exemplary embodiments. However, it will be appreciated that various modifications and 

changes can be made without departing from the scope of the present invention as set forth 

in the appended claims. The detailed description and accompanying drawings are to be 

regarded as merely illustrative, rather than as restrictive, and all such modifications or 

10 changes, if any, are intended to fall within the scope of the present invention as described 

and set forth herein. 
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CLAIMS 

What is claimed is: 

1. An energy capture and control device, comprising: 

a) a central chamber oriented along a central axis within an outer shell, said central 

5 chamber having an inlet configured to receive a high energy material from a high 

energy outlet; 

b) an off axis chamber oriented within the outer shell in fluid communication with the 

central chamber and having a fluid outlet and multiple internal walls configured to 

produce an axially serpentine fluid pathway which dissipates energy transferred 

10 from the high energy material. 

2. The device of claim 1, wherein the central chamber further comprises a locking 

block oriented at the inlet, said locking block having an engagement surface configured 

to attach to the high energy outlet and a hollow interior along the central axis, said 

15 hollow interior having a reducing throat portion and a flared outlet. 

3. The device of claim 1 or 2, wherein the central chamber further compnses a 

plurality of deflectors oriented in series along the central axis. 

20 4. The device of claim 2, wherein the plurality of deflectors are frustoconical having a 

hollow interior along the central axis and each having a flared exit portion. 

5. The device of claim 3, wherein the plurality of deflectors include a pnmary 

deflector, a secondary deflector, and at least one tertiary deflector. 

25 

6. The device of claim 4, wherein the at least one tertiary deflector includes four 

deflectors. 

7. The device of claim 5, wherein the tertiary deflectors are at least partially engaged 

30 within the flared exit portion of an adjacent deflector. 
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8. The device of claim 3, wherein the plurality of deflectors span substantially the 

entire central axis along the central chamber. 

9. The device of claim 1, wherein the multiple internal walls are formed by multiple 

5 concentric tubes having progressively larger diameters so as to form annular spaces 

between each adjacent tube, and having alternating ends offset so as to produce a 

serpentine fluid annular pathway. 

10. The device of claim 9, wherein the multiple concentric tubes include an innermost 

10 tube which includes orifices oriented to allow fluid to pass from the central chamber 

into a first annular space adjacent the innermost tube and through the annular spaces of 

progressively larger diameter. 

11. The device of claim 9, wherein the annular spaces further include a helical wall 

15 oriented within at least one of the annular spaces to direct fluids along a helical path 

within the at least one annular space. 

12. The device of claim 11, wherein the helical wall has a quadrilateral cross-section or 

a circular cross-section. 

20 

13. The device of claim 11, wherein the helical wall has a winding ratio (windings : 

diameter) of about 3: 1 to about 8: 1. 

14. The device of claim 11, wherein all of the annular spaces include a corresponding 

25 helical wall. 

15. The device of claim 9, wherein there are five multiple concentric tubes forming the 

annular spaces. 
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5 

10 

16. The device of claim 1 or 9, wherein the off axis chamber further includes an annular 

17. 

dampening chamber oriented about the central chamber and being filled with an energy 

absorbent material. 

The device of claim 16, wherein the dampening chamber is oriented adjacent the 

outer shell. 

18. The device of claim 16, wherein the energy absorbent material is a powder tungsten 

filament. 

19. The device of claim 16, wherein the outer shell has an octagonal cross-section. 

20. The device of claim 1, wherein the outer shell includes an end cap assembly at an 

outlet end of the central chamber and which allows fluid to escape from the off axis 

15 chamber. 

21. The device of claim 1, 3 or 9, wherein the device is modularized along the central 

20 22. 

axis to form at least two detachable portions. 

The device of claim 1, further comprising a particulate modular attachment having a 

particulate inlet and a module outlet defining a particulate control chamber, said 

attachment configured to attach to the fluid outlet and remove particulates. 

23. The device of claim 22, wherein the particulate modular attachment includes a self-

25 healing polymeric material oriented in the particulate control chamber. 

24. The device of claim 23, wherein the self-healing polymeric material is selected 

from the group consisting of expanded polyurethane, expanded polyethylene, expanded 

polystyrene, ionomeric metal salt of an ethylene-vinyl copolymer, copolymers thereof, 

30 and composites thereof 
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25. The device of claim 1, wherein the device has substantially no moving parts during 

operation. 

26. The device of claim 1, wherein the central chamber includes a central chamber 

5 outlet along the central axis and the high energy material is a bullet. 

27. The device of claim 1, wherein the central chamber and off axis chamber are 

formed substantially of titanium. 

10 28. The device of claim 1, wherein the multiple internal walls form a plurality of 

longitudinal chambers which are each off set from the central axis and fluidly 

connected to from the axially serpentine fluid pathway. 

29. An energy capture and control device, comprising: 

15 a) a central chamber oriented along a central axis within an outer shell, said central 

20 

chamber having an inlet configured to receive a high energy material from a high 

energy outlet; 

b) an off axis chamber oriented within the outer shell in fluid communication with the 

central chamber. 

30. The device of claim 29, wherein the off axis chamber further comprises a fluid 

25 31. 

30 32. 

outlet and multiple internal walls configured to produce an axially serpentine fluid 

pathway which dissipates energy transferred from the high energy material. 

The device of claim 30, wherein the multiple internal walls are formed by multiple 

concentric tubes having progressively larger diameters so as to form annular spaces 

between each adjacent tube, and having alternating ends offset so as to produce a 

serpentine fluid annular pathway. 

The device of claim 29, wherein the central chamber further comprises a plurality 

of deflectors oriented in series along the central axis. 
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5 

33. The device of claim 29, wherein the off axis chamber further includes an annular 

dampening chamber oriented about the central chamber and being filled with an energy 

absorbent material. 

34. The device of claim 33, wherein the dampening chamber is oriented adjacent the 

outer shell. 

35. The device of claim 33, wherein the energy absorbent material is a powder tungsten 

10 filament. 

36. An energy capture and control device, comprising: 

a) a central chamber oriented along a central axis within an outer shell, said central 

chamber having an inlet configured to receive a high energy material from a high 

15 energy outlet; 

20 

25 

b) an off axis chamber oriented within the outer shell in fluid communication with the 

central chamber and having a fluid outlet, wherein the off axis chamber further 

includes an annular dampening chamber oriented about the central chamber and 

being filled with an energy absorbent material. 

37. The device of claim 36, wherein the energy absorbent material is selected from the 

38. 

group consisting of powder tungsten filament, heavy metal powder, graphite, polymer, 

and combinations thereof 

The device of claim 36, wherein the energy absorbent material is a particulate 

selected from the group consisting of aluminum, stainless steel, carbon steels, iron, 

copper, tantalum, titanium, vanadium, chromium, zirconium, carbides of these, alloys 

of these, and combinations thereof 
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ENERGY AND PARTICULATE CAPTURE AND CONTROL DEVICES 

ABSTRACT OF THE DISCLOSURE 

An energy capture and control device is disclosed and described. The device can 

5 include a central chamber oriented along a central axis within an outer shell, said central 

chamber having an inlet configured to receive a high energy material from a high energy 

outlet. An off axis chamber can be oriented within the outer shell in fluid communication 

with the central chamber and having a fluid outlet and multiple internal walls configured to 

produce an axially serpentine fluid pathway which dissipates energy transferred from the 

10 high energy material. The energy capture and control device can be particularly useful in 

effective suppression of acoustic impact of firearm discharge with high cycle life and low 

maintenance. 

15 
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If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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