wo 2013/@<744 A1 | [0 RO OO RO R

(43) International Publication Date

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

=

(29) World Intellectual Property
Organization
International Bureau

20 June 2013 (20.06.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/090744 Al

(51) International Patent Classification: (72) Inventor: OLIVARES, Gerardo; 115 S Rutan, Suite 9F,
B60N2/24 (2006.01) B60N 2/427 (2006.01) Wichita, Kansas 67218 (US).
B60N 2/42 (2006.01
( ) (74) Agents. MADDEN, Robert et al; Schwegman, Lundberg
(21) International Application Number: & Woessner, P.A., P.O. Box 2938, Minneapolis, Min-
PCT/US20 12/069789 nesota 55402 (US).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
14 December 2012 (14.12.2012) kind d national protection available): AE, AG, AL, AM,
i ) Endlish AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(25) Filing Language: ngli BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(26) Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
o HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(30) Priority Data: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
61/576,748 16 December 201 1(16.12.201 1) us ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(71) Applicant: WICHITA STATE UNIVERSITY [US/US]; NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
1845 Fairmount Street, Wichita, Kansas 67260-0007 (US). RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
[ Continued on nextpage]
(54) Titlee ENERGY ABSORBING SEAT MECHANISM
(57) Abstract: A system includes a shear member (136) and an energy ab-
ZOOB\ 210 sorber (140). The shear member is configured to couple a seat portion to a
ya base structure of avehicle. The shear member is configured to sustain afirst
| ] load without fracture and configured to inelastically deform under a second
load. The second load is greater than the first load. The energy absorber is
coupled to the seat portion and coupled to the base structure. The energy ab-
— 250B sorber is configured to absorb the energy following deformation of the shear
member.
236C 1
— 260
-1 270
fink
ZSGBA(i_lr ]
L 1
— 230
—1— 240
220




w o 2013/090744 Ai [0l Il 2o oo ORI 230l ool 00

™, TN, TR, TT, TZ, UA, UG, US, Uz, VC, VN, ZA,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, T, LT, LU,
ZM, ZW. LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
. N SM, TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, GN, GQ,
(84) Designated States (unless otherwise indicated, for every ) ( Q
. . : . GW, ML, MR, NE, SN, TD, TG).
kind d regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, Mz, NA, RW, SD, SL, Sz, Tz, Published:
UG, ZM, ZW), Euasan (AM, AZ, BY, KG, Kz, RU, TJ __ ith international search report (Art. 21(3))
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,



WO 2013/090744 PCT/US2012/069789

ENERGY ABSORBING SEAT MECHANISM

CLAIM OF PRIORITY
This patent application claims the benefit of priority to U.S. Provisional
5 Patent Application Serial Number 61/576,748, entitled "ENERGY
ABSORBING SEAT MECHANISM," filed on December 16, 201 1 (Attorney
Docket No. 2766.009PRV), which is hereby incorporated by reference herein in
its entirety.

10 BACKGROUND
The costs associated with transportation-related accidents are a
substantial burden on society. The costs include lost wages, acute and chronic
medical care, and in some cases, death. Bystanders and vehicle occupants each
sustain aportion of the costs. For example, vertical deceleration, such asthat
15 commonly associated with an aircraft accident, are noteworthy for the high
compression loading on the spine.
Past effortsto provide greater protection for the benefit of, for example,
car occupants have been inadequate. These efforts have included air bags,
improved seat belts, and predetermined crumple zones in the vehicle. Even with

20  these measures, occupants continue to be injured.

OVERVIEW
The present subject matter is directed to, among other things, aproblem

to be solved that can be described as finding a method and a system to reduce
25  injury to an occupant subjected to avertical load associated with amoving

vehicle (such as an aerospace vehicle or aground vehicle). For example, an

aircraft (such as afixed wing airplane or ahelicopter) can be equipped in

accordance with the present subject matter and provide protection to occupants.

In addition to aerospace vehicles, the present subject matter can also be used on
30 ground vehicles. In one example, amilitary vehicle can be configured to protect

occupants in the event of avertical load due to detonation of an explosive

device.
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In one example, the present subject matter can provide a solution to this
problem, such as by using a shear member in combination with an energy
absorbing member.

The shear member can be configured to inelastically fracture a a
predetermined load. The energy absorbing member can be configured to
dissipate the energy after fracture of the shear member. A seat mounting system
including a shear member and an energy absorbing member can provide alevel
of protection to an occupant.

The shear member can include apin, adisk, or amechanical link. The
energy absorbing member can include aspring, acylinder (hydraulic or
pneumatic), an energy absorbing structural member (such as arubber
component, ametallic component, or acomposite component), or ametal or
composite structure arranged to deflect or bend when subjected to a
predetermined load. The energy absorbing member can absorb energy (such as
that associated with an impact) by, among other things, deflection, torsion, or
compression.

This overview isintended to provide an overview of subject matter of the
present patent application. It isnot intended to provide an exclusive or
exhaustive explanation of the invention. The detailed description isincluded to

provide further information about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale, like numerals
may describe similar components in different views. Like numerals having
different letter suffixes may represent different instances of similar components.
The drawings illustrate generally, by way of example, but not by way of
limitation, various embodiments discussed in the present document.

FIG. lincludes an elevation view of avehicle seat mounted to a
structure, according to one example.

FIG. 2A and FIG. 2B illustrate components including a shear pin and an
energy absorbing device, according to various examples.

FIG. 3includes aflow chart according to one example.
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DETAILED DESCRIPTION

FIG. lincludes an elevation view of system 100 including vehicle seat
50 mounted to structure 150, according to one example. System 100 can include
an aerospace vehicle (such as an aircraft or a spacecraft) or an automobile.

Seat 50 includes back 52 configured to support an upper body of an
occupant and includes bottom 54 configured to support the lower body of the
occupant. Back 52 and bottom 54 are shown to have afixed alignment in the
example illustrated however, ajoint coupling the back 52 and bottom 54 can
allow for relative movement between the two.

Seat 50 is coupled to structure 150 by leg 140 and leg 160. Leg 140 and
leg 160 arerigidly affixed to structure 150 at alower end. Inthe example
illustrated, leg 160 includes alinear bearing (or a sliding mechanism) to alow
seat 50 to dlide, relative to structure 150, in a downward direction, as shown by
arrow 170, and to side in an upward direction, that is, opposite that shown by
arrow 170. Leg 140 and leg 160 provide atrack along which seat 50 can travel.

Leg 140 includes alinear bearing 130 coupled to seat 50. Bearing 130,
sometimes also referred to as adliding mechanism, allows seat 50 to slide,
relative to structure 150, in adownward direction, as shown by arrow 170, and
to dide in an upward direction, that is, opposite that shown by arrow 170.
Bearing 130 is coupled to leg 140 by pin 136. Pin 136, sometimes referred to as
a shear pin, has an axis aligned perpendicular (or transverse) to the direction of
diding motion as shown by arrow 170.

Seat 50 iscoupled to member 124 by energy absorber 120. Energy
absorber 120, in the example illustrated, includes aretractor having belt 122.
The retractor includes aclutch to arrest the pay out of belt 122 wound on a shaft.
In the example illustrated, belt 122 iscoupled to bearing 130 and arrests
movement of seat 50 relative to support structure 150 along with member 124 in
which seat 50 moves in the direction denoted by arrow 170.

In system 100, a shear pin provides afirst threshold for loading. With
increasing loading, pin 136 shears at the first threshold after which energy is
dissipated by energy absorber 120. System 100 is configured to dissipate energy
arising from an impact load according to atailored energy profile. The tailored

energy profile includes athreshold followed by agradually dissipating profile.
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In this example, energy absorber 120 and shear pin 136 are separate assemblies
and each can beindependently field replaceable.

FIG. 2A illustrates an example of amodule 200A which includes shear
pin 236A and energy absorber 240. In this example, module 200A includes first
end 210 and second end 220. First end 210 and second end 220 are affixed to
seat 50 (not shown in this figure) and support structure 150 (not shown in this
figure). First end 210 is affixed to column 250A. Asshownin the figure,
column 250A isretained in afixed position relative to receiver 230 by pin 236A.
In addition, energy absorber 240 is disposed within receiver 230 between
column 250A and second end 220. In the example shown, energy absorber 240
includes an idealized energy absorbing mechanism configured to oppose a
compressive load exerted between column 250A and end 220. In operation,
module 200A is configured to dissipate energy according to apredetermined
profile based on shearing of pin 236A upon loading exceeding a predetermined
threshold and thereafter to dissipate energy by compressing energy absorber 240.

The idealized energy absorbing mechanism can include a compression
spring, such as acoil spring.

FIG. 2B illustrates an example of amodule 200B which includes shear
pin 236B, shear pin 236C, energy absorber 240, and energy absorber 270.
Energy absorber 240 is positioned between end 220 and an end of intermediate
section 260. Intermediate section 260 is configured to slidably engage with
receiver 230. Energy absorber 240 dissipates energy following shearing of pin
236B.

Energy absorber 270 is positioned between an end of column 250B and
an end of intermediate section 260. In the example shown, energy absorber 270
abuts false bottom 280. False bottom 280 isolates energy absorber 270 and
energy absorber 240 in the example shown. Column 250B, terminated by end
210, is configured to slidably engage with intermediate section 260.

Pin 236C and energy absorber 270 are in series alignment relative to pin
236B and energy absorber 240. In the example shown, the energy absorbing
profile can betailored by selection of the spring rates and shear strength of the
various elements. For example, the shear strength of pin 236C can be

configured to be different (greater or lesser) than the shear strength of pin 236B.
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In similar manner, the spring rate of energy absorber 240 can be configured to be
different (greater or lesser) than the spring rate of energy absorber 270.

FIG. 3illustrates method 300 according to one example of the present
subject matter. Method 300 includes, a 310, positioning a shear member in a
seat assembly. Positioning a shear member can include placing apinin a
manner to retain two elements (such as a seat and a support structure) in fixed
alignment unless loaded with aforce exceeding apredetermined shear force.
Upon exceeding the predetermined shear force, the shear member is configured
to sever or fracture in amanner to alow relative movement between the two
elements. Method 300 includes, a 320, configuring an energy absorbing
member to control movement asto the two elements. The energy absorbing
member is configured to absorb energy a atime after fracturing the shear
member based on relative movement asto the two elements.

The energy absorber can include acoil spring, aleaf spring, ahydraulic
cylinder, apneumatic cylinder, or ametallic and composite structural member
configured to absorb energy under atorsional or lineal displacement. In some
examples, the energy absorber includes an inertial reel with load limiting
characteristics or other member to dampen relative movement between the
elements. Other examples of an energy absorber are also contemplated.

The shear element can include an element configured to rupture or
otherwise separate in amanner to allow unrestrained relative movement asto
two elements. For example, the shear element can include apin, adrum (having
a surface configured to rupture a apredetermined load), or aball and socket
arrangement that allows movement after overcoming a spring force.

The number of shear elements and the number of energy absorbers is not
limited. For example, two shear pins can be configured for use with asingle
energy absorber. In one example, the diameter and profile of a shear pin can be
tailored to shear a apredetermined load. Multiple shear elements can be
arranged in aserial or parallel order.

In various examples, module 200A or module 200B is configured to
replace leg 140 and associated elements of system 100 (FIG. 1). In addition,
more than one leg of seat 50 can be configured as described herein.

In one example, seat 50 travels along alinear track, as shown in FIG. 1.

Other travel arrangements are also contemplated, including a curved path. For
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example, leg 160 (FIG. 1) can bereplaced with apivoting joint and leg 140 can
be configured to accommodate motion along an arc.

Leg 140 can include atubular structure. In other examples, leg 140
includes aformed channel, a square section, or other configuration.

In one example, the shear pin and the energy absorbing mechanism can
be configured to provide protection to an occupant ranging from the 5 to the

95t percentile male and female population.

Various Notes & Examples

Example lincludes asystem having ashear member and an energy
absorber. The shear member is configured to couple a seat portion to abase
structure of avehicle. The shear member is configured to sustain afirst load
without fracture and configured to inelastically deform under a second load in
which the second load is greater than the first load. The energy absorber is
coupled to the seat portion and coupled to the base structure; the energy absorber
is configured to absorb energy following deformation of the shear member.

In Example 2, the subject matter of Example 1 can optionally provide
that the shear member includes apin.

In Example 3, the subject matter of Example 2 can optionally provide
that the first load and the second load are aligned along aload axis and wherein
the pin has an axis aligned substantially perpendicular to the load axis.

In Example 4, the subject matter of any one of Examples 1to 3 can
optionally provide that the energy absorber includes a spring. In one example,
the spring includes a spring-damper system.

In Example 5, the subject matter of any one of Examples 1to 4 can
optionally provide that the energy absorber includes apneumatic cylinder.

In Example 6, the subject matter of any one of Examples 1to 5 can
optionally provide that the energy absorber includes a hydraulic cylinder.

In Example 7, the subject matter of any one of Examples 1to 6 can
optionally provide that the energy absorber includes arestraint configured to
restrict movement of the seat portion relative to the base structure. In one
example, the energy absorber can include arestraint configured to limit aload.

In Example 8, the subject matter of any one of Examples 1to 7 can

optionally provide that the restraint includes atrack. In one example, the
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restraint includes ametallic or composite structural member configured to
absorb the residual energy post-failure of a shear pin.

In Example 9, the subject matter of any one of Examples 1to 8 can
optionally provide that a second member is coupled to the seat portion and
coupled to the base structure, the second member configured to deform under a
third load.

Example 10 includes amethod comprising positioning a shear member
and configuring an energy absorbing member. Positioning the shear member
can include positioning a shear member in a seat assembly. The shear member
can be configured to sustain a predetermined load without fracture and
configured to shear under aload in excess of the predetermined load.
Configuring the energy absorbing member can include configuring to allow
relative movement between the seat assembly and a structure and configuring to
dissipate energy corresponding to the predetermined load.

In Example 11, the subject matter of Example 10 can optionally include
positioning the shear member includes arranging a shear pin the seat assembly.

In Example 12, the subject matter of any one of Examples 10 to 11can
optionally provide that configuring the energy absorbing member includes
configuring et least one of a spring, ahydraulic cylinder, and apneumatic
cylinder.

In Example 13, the subject matter of any one of Examples 10 to 12 can
optionally include providing atrack assembly to control the relative movement.

Example 14 includes a system having avehicle, a seat assembly, atrack
assembly, ashear member, and an energy absorber. The vehicle is configured to
convey an occupant. The seat assembly is configured to carry the occupant. The
track assembly configured for coupling the vehicle and coupling the seat
assembly, the track assembly is configured to control movement of the seat
assembly relative to the vehicle. The shear member is coupled to the track
assembly, wherein, when subjected to aforce below apredetermined level, the
shear member restricts movement of the seat assembly relative to the vehicle and
wherein, when subjected to a force above the predetermined level, the shear
member fractures and allows movement of the seat assembly relative to the

vehicle. The energy absorber is coupled to the seat assembly. The energy
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absorber is configured to dissipate energy based on movement of the seat
assembly relative to the vehicle.

In Example 15, the subject matter of Example 14 can optionally provide
that the vehicle includes an aerospace vehicle or aground vehicle.

In Example 16, the subject matter of any one of Examples 14 to 15 can
optionally provide that the seat assembly includes acrewmember seat.

In Example 17, the subject matter of any one of Examples 14 to 16 can
optionally provide that the track assembly includes at least one guide and a
channdl.

In Example 18, the subject matter of any one of Examples 14 to 17 can
optionally provide that the shear member includes apin.

In Example 19, the subject matter of any one of Examples 14 to 18 can
optionally provide that the energy absorber includes a shock absorber.

These non-limiting examples can be combined in any permutation or
combination.

The above detailed description includes references to the accompanying
drawings, which form apart of the detailed description. The drawings show, by
way of illustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as "examples." Such
examples can include elements in addition to those shown or described.
However, the present inventors also contemplate examples in which only those
elements shown or described are provided. Moreover, the present inventors also
contemplate examples using any combination or permutation of those elements
shown or described (or one or more aspects thereof), either with respect to a
particular example (or one or more aspects thereof), or with respect to other
examples (or one or more aspects thereof) shown or described herein.

In the event of inconsistent usages between this document and any
documents so incorporated by reference, the usage in this document controls.

In this document, the terms "a" or "an" are used, asiscommon in patent
documents, to include one or more than one, independent of any other instances
or usages of "at least one" or "one or more." In this document, the term "or" is
used to refer to anonexclusive or, such that "A or B" includes " A but not B," "B
but not A," and"A and B," unless otherwise indicated. In this document, the

terms "including" and "in which" are used asthe plain-English equivalents of
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the terms "including" and "comprising” are open-ended, that is, a system,
device, article, or process that includes elements in addition to those listed after
such aterm in aclaim are still deemed to fall within the scope of that claim.
Moreover, in the following claims, the terms "first,” "second,” and "third," etc.
are used merely as labels, and are not intended to impose numerical
requirements on their objects.

The above description isintended to beillustrative, and not restrictive.
For example, the above-described examples (or one or more aspects thereof)
may be used in combination with each other. Other embodiments can be used,
such as by one of ordinary skill in the art upon reviewing the above description.
The Abstract isprovided to comply with U.S. 37 C.F.R. §1.72(b), to alow the
reader to quickly ascertain the nature of the technical disclosure. It is submitted
with the understanding that it will not be used to interpret or limit the scope or
meaning of the claims. Also, in the above Detailed Description, various features
may be grouped together to streamline the disclosure. This should not be
interpreted as intending that an unclaimed disclosed feature is essentia to any
claim. Rather, inventive subject matter may liein less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby
incorporated into the Detailed Description, with each claim standing on its own
as a separate embodiment, and it is contemplated that such embodiments can be
combined with each other in various combinations or permutations. The scope
of the invention should be determined with reference to the appended claims,

along with the full scope of equivalents towhich such claims are entitled.
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THE CLAIMED INVENTION IS:

1 A system including:

a shear member configured to couple a seat portion to abase structure of
avehicle, the shear member configured to sustain afirst load without fracture
and configured to inelastically deform under a second load, the second load
greater than the first load; and

an energy absorber coupled to the seat portion and coupled to the base
structure, the energy absorber configured to absorb energy following

deformation of the shear member.

2. The system of claim 1wherein the shear member includes apin.

3. The system of claim 2 wherein the first load and the second load are
aligned along aload axis and wherein the pin has an axis aligned substantially

perpendicular to the load axis.

4, The system of any one of claims 1- 3wherein the energy absorber

includes a spring.

5. The system of any one of claims 1- 4 wherein the energy absorber

includes apneumatic cylinder.

6. The system of any one of claims 1- 5wherein the energy absorber

includes ahydraulic cylinder.
7. The system of any one of claims 1- 6 wherein the energy absorber
includes arestraint configured to restrict movement of the seat portion relative to

the base structure.

8. The system of any one of claims 1- 7 wherein the restraint includes a

track.

10
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9. The system of any one of claims 1- 8 further including a second member
coupled to the seat portion and coupled to the base structure, the second member

configured to deform under athird load.

10. A method comprising:

positioning ashear member in aseat assembly, the shear member
configured to sustain a predetermined load without fracture and configured to
shear under aload in excess of the predetermined load; and

configuring an energy absorbing member to allow relative movement
between the seat assembly and a structure and configured to dissipate energy

corresponding to the predetermined load.

11.  The method of claim 10 wherein positioning the shear member includes

arranging a shear pin the seat assembly.

12. The method of any one of claims 10 - 11wherein configuring the energy
absorbing member includes configuring at least one of a spring, ahydraulic

cylinder, and apneumatic cylinder.

13. The method of any one of claims 10 - 12 further including providing a

track assembly to control the relative movement.

14. A system comprising:

avehicle configured to convey an occupant;

a seat assembly configured to carry the occupant,

atrack assembly coupling the vehicle and coupling the seat assembly, the
track assembly configured to control movement of the seat assembly relative to
the vehicle;

a shear member coupled to the track assembly, wherein, when subjected
to aforce below apredetermined level, the shear member restricts movement of
the seat assembly relative to the vehicle and wherein, when subjected to aforce
above the predetermined level, the shear member fractures and allows movement

of the seat assembly relative to the vehicle; and

11
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an energy absorber coupled to the seat assembly, the energy absorber
configured to dissipate energy based on movement of the seat assembly relative
tothe vehicle.

15. The system of claim 14 wherein the vehicle includes an aerospace

vehicle or aground vehicle.

16. The system of any one of claims 14 - 15 wherein the seat assembly

includes acrewmember seat.

17. The system of any one of claims 14 - 16 wherein the track assembly

includes a least one guide and achannel.

18. The system of any one of claims 14 - 17 wherein the shear member

includes apin.

19. The system of any one of claims 14 - 18 wherein the energy absorber

includes a shock absorber.

12
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