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REPLY TO

ATTN OF: April 5, 1971

TO: USI/Scientific & Technical Information Division
Attention: Miss Winnie M. Morgan

FROM: GP/Office of Assistant General
Counsel for Patent Matters

SUBJECT: Announcement of NASA~-Owned
U.S8., Patents in STAR

In accordance with the procedures contained in the Code GP
to Code USI memorandum on this subject, dated June 8, 1970,
the attached NASA~owned U.S. patent is being forwarded for
abstracting and announcement in NASA STAR.

The following ihformation is provided:

U.S. Patent No. 2 3,416,274

Corporate Source : Bell Aerosystems Company
Supplementary

Corporate Source H

NASA Patent Case No.: XLA-031027

Please note that this patent covers an invention made by an
employee of a NASA contractor. Pursuant to Section 305(a) of
the National Aeronautics and Space Act, the name of the
Administrator of NASA appears on the first page of the patent;
however, the name of the actual inventor (author) appears at
the heading of Column No. 1 of the Specification, following the
words ". . . with respect to an invention of. . . ."

7
& Aé 8 o 4 - 2o

Gayle Parker —
! N IER, FE LS
Enclosure: Aa}“‘?ﬁ“““m (THRU)
z : 0

Co of Patent

(NASA CR OR TRMAX OR AD MUMBER) (CATEGORY)

FACILITY FORM 602



Dec, 17, 1968 JAMES E. WEBB 3,416,274
ADMINISTRATOR OF THE NATIONAL AERONAUTICS

AND SPACE ADMINISTRATION
FLEXIBLY CONMECTED SUPFORT AND SKIN

Filed Qct. 8, 1965

INVENTOR
WILLIAM O LEFFKE

oy Lo
%%M

ATTORNEYS




United States Patent Of

3,416,274
Patented Dec. 17, 1968

1ce

1

3,416,274
FLEXIBLY CONNECTED SUPPORT AND SKIN
James E. Webb, Administrator of the National Aero-
nautics and Space Administration, with respect to an
invention of William O. Leffke, Tonawanda, N.Y.
Filed Oct. 8, 1965, Ser. No. 494,283
6 Claims, (CL 52—272)

ABSTRACT OF THE DISCLOSURE

An arrangement for fastening a skin to a frame allow-
ing resilient and sliding movement of the skin relative to
the frame along one or more axes so as to allow thermally
induced expansionary and contractionary movements
along these axes.

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalities thereon or therefor.

This invention relates generally to a fastener device
and more particularly to a resilient fastener for attach-
ment of the skin of aerospace vehicles, allowing resilient
and sliding movement of the skin relative to a mounting
framework to provide for thermally induced expansionary
and contractionary movements along several axes.

The advent of high speed aircraft and aerospace ve-
hicles presents varied problems regarding the structural
requirements for these bodies. For example, aerospace
vehicles encounter a variety of environmental conditions
varying from extreme cold to very high temperatures.
Such circumstances necessarily cause varying degrees of
expansion and contraction of the materials from which
the vehicles are constructed, The skin structures are gen-
erally of thin material that is of little value from a struc-
tural viewpoint. Such a characteristic requires that the
devices utilized for mounting the skin structure on the
framework of the aerospace vehicle be something more
than rivets or screws. Devices, such as screws, bolts and
rivets, have been developed for securing a skin to a frame-
work where there were no rapid variations in size of the
skin or connected members. The more complicated de-
vices generally have large bearing surfaces and the attend-
ant friction involved therewith. U.S. Patent No. 2,948,316,
dated Aug. 9, 1960, for an Anchor Nut Assembly for
Minimizing Heat Transfer, is an example of these de-
vices. Further, these devices involve large cross-sectional
areas of thermal conductive material which would con-
vey the temperature outside the skin to the interior frame-
work and space. Quite obviously, the large variations in
temperatures are unsuitable for a human environment.
Thus, it becomes necessary to prevent heat transfer by
conduction while permitting the skin element to expand
and contract freely to prevent extreme thermal stresses
and buckling which would tend to fatigue the skin mate-
rials.

In order to overcome the disadvantages of the prior art,
the instant invention contemrplates uilization of opposed
elements resiliently separated and located within a slot
and having provision for rigid attachment of the skin to
the innermost opposed element. The slot is located in the
framework to permit the skin to slide in the slot as
well as expand away from the support as necessary.

It is an object of the instant invention to provide an
assembly for maintaining the shape and structural integ-
rity of an aerospace vehicle.

Another object of this invention is to provide an assem-
bly employing an isothermal skin that prevents excessive
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thermal stresses and accommodates normal variations in
critical dimensions.

A further obejct of the instant invention is to provide
insulation of contacting surfaces through use of a low
thermal conductive solid as a lubricating film between a
framework and a novel fastener that offers minimum re-
sistance to sliding,

Another object of this invention is to provide a fastener
for securing the skin to the framework of an aerospace
vehicle while permitting resilience in at least two direc-
tions.

A further object of the instant invention is to provide
a fastener having Belleville washers resiliently separat-
ing opposed elements that slide in a T-slot in a rib with
the skin rigidly attached to the opposed element which
slides on the bottom of the slot.

A still further object of the instant invention is to
provide an assembly wherein a base has a T-slot for slides,
one opposed element of which is connected to a support
resiliently connected to a rib which also has a T-slot
for receiving slides attached to the skin.

Summary of the disclosure

Generally, the foregoing and other objects are accom-
plished by providing an inverted T-slot in a base member
which receives a fastener having opposed elements re-
siliently separated to bear against the top and bottom of
the slot. The opposed element contacting the bottom of
the slot functions as a nut for receiving a screw or bolt
which secures the skin in place. The above construction
may be resiliently attached to supports which are se-
cured to a base or framework by a similar fastener con-
struction and which are resiliently separated from one an-
other to thereby provide an assembly having essentially
one point of fixity.

A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
apparent as the same becomes better understood by ref-
erence to the following description when considered in
connection with the accompanying drawings wherein:

FIG. 1 is an isometric view, with portions omitted for
clarity, of a portion of an assembly employing the instant
invention;

FIG. 2 is an end elevational view of the construction
of FIGS. 1 and 3; and ’

FIG. 3 is an isometric view, with portions omitted for
clarity ,of one embodiment of the instant invention.

Referring now to the drawing and more particularly to
FIGS. 1 and 3 wherein an assembly, such for example
as an aerospace vehicle, embodying the instant invention
is shown. Skin 18 is resiliently attached by fastener 20
to rib 22 having bore 24 in the end thereof. Skin 18 is
secured to supports 26 at least at one point by conven-
tional means such as screw 38. Projections 28 are prefer-
ably monolithic with and extend upwardly from supports
26 and are of hollow or tubular construction sized to fit
within bore 24. The interior opening 3¢ of projection 28
extends downwardly to a threaded portion extending in-
wardly from the bottom of support 26. Spring 36 fits
within projection 28 with one end abutting the bottom of
bore 24 and the other end resting on fastener 6%, to be
described more fully hereinafter. Thus, a resiliency exists
between rib 22 and support 26 which permits relief of
forces in the plane of rib 22 to prevent damage to skin 18.

In the assembly of FIGS. 2 and 3 each support 28,
excepting the end supports, is provided with bores 32 at
each end thereof and may have a single or plurality of
keys 34 for guiding the movement of support 26. Springs
460 fit into bores 32 with a portion of each spring extend-
ing into the respective bores of adjacent supports 26.
Alternatively, supports 26 could be provided with bores
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32 in only one end so that springs 40 would project from
bores 32 to bear against the end of the adjacent support
26. Either construction provides a resiliency between the
supports which permits maintenance of constant forces
that compensate for any expansion or contraction of skin
18 along the line of supports 26.

Framework or base 42 has an elongated inverted T-
shaped slot 46 having bottom 48 and sides 56 that extend
toward the edge of base 42 from bottom 48. A lip is
formed by top 52 and lateral edges 54 of slots 46. Lateral
edges 54 are spaced to permit key 34 on support 26 to
slide therealong. Although slot 46 is shown to be of in-
verted T-shape, it is to be understood that other types of
slots, such as dovetail groove, could be utilized.

Slide or fastener 66 includes opposed elements such as
backup washer 62 and nut 64 which has shank 66 extend-
ing upwardly to interfit bore 30 of support 26. Washer
62 is dimensioned to fit over shank 66 and slide thereon
in response to the forces acting on Belleville washers 70
which resiliently separate opposed elements 62 and 64.
Shank 66 may be provided with internal threads for re-
ceiving bolt 72 in order to secure support 26 to nut 64.
Shank 66 also may have external threads 68 to assist in
securing support 26 to nut 64. In the latter situation, the
threads in bore 36 would be compatible with threads 68
and thus insure a rigid conection therebetween. Each of
the faces of opposed elements 62 and 64 that contact top
52, sides 58 and bottom 48 of slot 46 is coated with fric-
tion-reducing material 74, such for example as Teflon.
Such a coating insures a substantially frictionless sliding
engagement between fastener §0 and slot 46.

Referring now to FIG. 3 wherein skin fastener 20 is
shown as being constructed substantially similar to slide
60. Rib 22 is provided with slot 46 which is substantially
identical to slot 46 in base 42. That is, slot 46 may be of
inverted T or dovetail shape. Opposed elements, such as
backup washer 62 and nut 64, are resiliently separated by
Belleville washers 76. Nut 64 includes shank 66 extending
upwardly through the space between lateral edges 54 of
slot 46 and may be internally threaded to receive screw
72 which rigidly secures skin 18 to nut 64. Again the sur-
faces of opposed elements 62 and 64 that contact the
surfaces of slot 46 are coated with Teflon or an equivalent
type of friction reducing and insulating material.

As seen in FIG. 3, skin 18 is substantially rigidly se-
cured to nut 64 which would infer a rigid connection
between rib 22 and skin 18. However, Belleville washers
70 resiliently support nut 64 and backup washer 62 in
slot 46. Thus, fastener 20 is permitted longitudinal sliding
movement in slot 46 while lateral movement is prevented
by the edges of Opposed elements 62 and 64 encountering
sides 50 of slot 46. Also, shank or projection 66 on nut
64 may be coated with Teflon in order to permit it to
slide between lateral edges 54 and thereby assist in pre-
venting lateral movement of fastener 2¢ in slot 46. Thus,
it is seen that varying environmental conditions are over-
come by permitting skin 18 to move along slot 46 as well
as permitting skin 18 to expand or contract toward or
away from rib 22 because of the resilience of Belleville
washers 70,

‘Tn the overall construction of FIGS. 1-3, slides 66 or
fasteners 26 are located in slot 46 by insertion thereinto
at one end, and supports 26 are positioned with bores 3¢
receiving shank 66 extending from nut 64. Screw 72
rigidly secures support 26 to nut 64. Springs 40 are in-
serted in end bores 32 and a succeeding support 26 posi-
tioned with its slide 66 securely attached thereto and key
34 in slot 46. Upright spring 36 is inserted into bore 3¢
and extends out of projection 28 to put a separating force
on rib 22 which is inserted over projection 28 that fits
within bore 24. Proper selection of spring 36, because
of the loose interfitting of projection 28 in bore 24, per-
mits rib 22 to expand or contract depending on environ-
mental conditions and thereby maintain a constant rela-
tionship providing a minimum of external forces acting on
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4
skin 18. Skin 18 is secured to rib 22 by fasteners 2¢ sub-
stantially in the manner slides 6 are utilized in connect-
ing supports 26 and base 42.

The relatively small thermal cross section of fasteners
20 and 66 prevents substantial conduction of heat between
skin 18, rib 22 and base 42. The characteristics of a
material such as Teflon are advantageous in that they act
as a thermai insulation as well as a friction-reducing
agent to thereby provide a fastening element free to move
in slot 46 and thermally insulate base 42 from support
26 and rib 22. Although key 34 interfits lateral edges 54
of slot 46 and thereby has surface-to-surface contact with
base 42, this contact is insignificant in regard to conduc-
tion of heat from skin 18, especially if coated with Teflon
or a material having similar characteristics.

In view of the above, it is readily apparent that the
instant invention provides a novel fastener permitting
assembly of an aerospace vehicle that maintains the shape
and structural integrity thereof while preventing exces-
sive thermal stresses and accommodating normal varia-
tions in critical dimensions. The instant inventive fas-
tener permits two directional freedom of movement for a
skin structure while insulating the skin from the frame-
work. Further, the resiliency between the supports and
the ribs and supports, permits expansion and contraction
of the structure which prevents the skin from being sub-
jected to damaging stresses.

Obviously, many modifications and variations of the
subject invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed ts new and desired to be secured by
Letters Patent of the United States is:

1. In an assembly employing an isothermal skin struc-
ture, the combination comprising: a base for support of
the structure; at least one support; means connecting said
base and said support allowing free-sliding relative move-
ment in one direction while resiliently securing said rib
to said support in another direction; at least ome rib;
means providing a resilient connection between said rib
and said support; a skin; means connecting said rib and
said skin allowing free-sliding relative movement in one
direction while resiliently securing said support in another
direction; whereby subjection of the structure to varying
pressures and femperatures’ will not cause undue re-
straint or thermal stresses of the skin due to the attach-
ments maintaiping uniform pressure for overcoming
integrated pressure loads and preventing local skin flut-
ter.

2. In an assembly employing an isothermal skin, the
combination comprising: a base for support of the
assembly and having at least one slot therein; a plurality
of resilient and slidable first fasteners interfitting said
slot; a plurality of supports secured to said fasteners;
r_esilient means between said supports; a plurality of
ribs resiliently attached to said supports and having a
slot therein; a plurality of resilient and slidable second
fasteners interfitting said slot in said ribs; and an
isothermal skin secured to said second fasteners and at
least one of said supports, whereby the assembly has
essentially one point of fixity so increases of temeprature
or pressure that cause expansion of the skin are pre-
vented from overstressing the skin because said resilient
means are in compression and tend to separate said sup-
ports from one another and said ribs from said supports
and said fasteners permit adjacent members to slide upon
one another.

3. The assembly of claim 2 wherein said resilient
means comprise springs between said supports; and said
first and second fasteners comprise: nut means for slid-
ably interfitting said slots and having a threaded shank
extending from said slots; backup washer means inter-
fitting said slots and slidably engaging said shank;
Belleville washer means between said nut means and
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backup washer means to provide a resilient connection
therebetween and cause said nut means and backup
washer means to engage opposed surfaces of said slots;
and screw means for securing said supports to said first
fasteners and said skin to said second fasteners,

4. The assembly of claim 2 wherein said slots in said
base and said ribs are T-shaped.

5. The assembly of claim 4 wherein said supporis have
key means interfitting said slots for guiding the move-
ment of said supports along said base.

6. In a space vehicle, the combination comprising: a
framework for support of the vehicle structure; elongated
slots in said framework; slide elements slidably mounted
in said slot and having a threaded projection extending
therefrom; backup washers overlying each of said projec-
tions and disposed in said slots; resilient means extend-
ing between said slide elements and said backup washers
for a resilient interfitting thereof with said slot; a skin
for attachment to said framework; and screw means

passing through said skin and threadingly engaging said 20

projection for rigidly connecting said skin to said slide
elements.
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