View metadata, citation and similar papers at core.ac.uk

L
P
brought to you by .{ CORE
provided by NASA Technical Reports Server

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WasHingvon, D.C, 20546 *
_ November 19, 1970
REPLY TO
ATTN OF: GP
’
TOs UsI/Scientific & Technical Information Division
Attention: Miss Winnie M. Morgan
FROM: Gp/office of Assigtanﬁ General Counsel for
Patent Matters
SUBJECT:,

Announcement of NaSA~Owned U. §. Patents in STAR

In accordance with the procedures agreed upon by Code GP
and Code USI, the attached NASA-owned U. S. Patent is being
forwarded for abstracting and announcement in NASA STAR.

The following information islﬁrovidedz

U. S. Patent No. ¢ g__3,526,365

Government or

Brown Engineering Company
Corporate Employee H

Huntsville, Alabama

Supplenmentary Corporate
Source (if applicable) H

NASA Patent Case No. 3 MFS-11497 g

NOTE - If this patent covers an invention made by a corporate
employee of a NASA Contractor, the following is applicable:

Yes [x] No [ ]
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 (authoxr) appears at the heading of Column No. 1 of
° the Specification, following the woxds ".
an invention of .

[Elxzabeth A Carter
Enclosure

Copy of Patent cited above

o « Wlth respsct to -

D s

CATEGORY)
(NASA CR OR TMX OR AD NUMBER) (

EACILITY FORM 602

Cosar, S/

%

3


https://core.ac.uk/display/10289858?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Sept. 1, 1970 T. O. PAINE, DEPUTY 3,526,365
ADMINISTRATOR OF THE NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
. COLLAPSIBLE NOZZLE EXTENSION FOR ROCKET ENGINES
Filed May 21, 1968 ' 4 Sheets-Sheet 1

FIG. 6

WARREN E. DARROW, JR.
BILLY C. URSERY
INVENTORS

BY ?4;,.,,5&—7

Wanflund 1 RL

ATTORNEYS



Sept. 1, 1870 T. O. PAINE, DEPUTY

3,526,365

ADMINISTRATOR OF THE NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
COLLAPSIBLE NOZZLE EXTENSION FOR ROCKET ENGINES

Filed May 21, 1968

7

4 Sheets-Sheet 2

WARREN E. DARROW, JR.
BILLY C.URSERY
INVENTORS

L, cCy
Wafandy Rigzine

HTORNEYS

BY



Sept. 1, 1970 T. O. PAINE, DEPUTY 3,526,365
ADMINISTRATOR OF THE NATIONAL AERONAUTICS

AND SPACE ADMINISTRATION
COLLAPSIBLE NOZZILE EXTENSION FOR ROCKET ENGINES
Filed May 21, 1968 4 Sheets~Sheet 3

it

[N

&

16l
163
N /
21 23 25 27
FIG. 5 FIG. 4
27
6 25
23
|
6
21

WARREN E. DARROW, JR.
BiLLY C. URSERY
INVENTORS

BY Q"é’w £ Cy
Wasfond W, Fgga

ATTORNEYS




Sept. 1, 1970 T. O. PAINE, DEPUTY 3,526,365
ADMINISTRATOR OF THE NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
COLLAPSIBLE NOZZLE EXTENSION FOR ROCKET ENGINES
Filed May 21, 1968

4 Sheets-Sheet 4

155
| | s e
s 1 M ' =
& U S| =
orte ) 2l
(4 g @ o)
136~ o LES| T
(=]
@TQ 1 e 4~137
3=/}
141 /
fus3
/
1477 2 y
o= i [ 4
I NE
51 — l i
Y
‘|
N
16l 57
FiG. 9 FIG. IO

WARREN E DARROW, JR
BILLY C. URSERY
INVENTORS

BY 9;,445 G"ﬁ
Wanfand H. Figgun

ATTORNEYS



United States Patent Of

3,526,365
Patented Sept. 1, 1970

ice

1

3,526,365
COLLAPSIBLE NOZZLE EXTENSION FOR

ROCKET ENGINES
T. O. Paine, Deputy Administrator of the National Aero-
nautics and Space Administration, with respect to an
invention of Warren E. Darrow, Jr., Huntsville, Ala.,

and Billy C. Ursery, Guntersville, Ala.

Filed May 21, 1968, Ser. Ne. 730,733
Int, Cl. B6de 15/06

U.8. €l 239—265.43 5 Claims

ABSTRACT OF THE DISCLOSURE

A collapsible nozzle extension for a rocket engine com-
prising a set of conical extension sections that are tele-
scoped in the collapsed position and mate end to end in
the extended position. The conical sections and existing
engine nozzle are interconnected by a plurality of fold-
ing and extending linkage arms, each comprising a series
of pivotally connected links, circumferentially spaced
around the nozzle. The links incorporate springs that
urge the folded linkage arms and thus the conical exten-
sion .sections toward the extended position, and the arms
are latched in the folded position by a mechanism that
releases the arms for nozzle extension.

The invention described herein was made in the per-
formance of work under a NASA contract and is subject
to the provisions of Section 305 of the National Aero-
nautics and Space Act of 1958, Public Law 85-568 (72
Stat. 435; 42 U.S.C. 2457).

BACKGROUND OF THE INVENTION

This invention relates generally to rocket engines and
more particularly to a collapsible nozzle extension for
rocket engines that can be deployed in a zero gravity
environment at the desired instant, such as immediately
after a rocket stage separation.

Currently, an important aspect of space vehicle devel-
opment is that of uprating existing wvehicles for the pur-
pose of increasing their payload capability so that pay-
load requirements expected in the early 197(0°s may be
satisfied, This vehicle uprating requires an increase of the
thrust capability of the vehicle engine systems. One way
of increasing the performance of a rocket engine having
an underexpanded nozzle is to increase the area ratio of
the engine nozzle throat with respect to the engine nozzle
exit area. This is accomplished by extension of the noz-
zle to a pre-determined increased in exit area.

Certain stages of existing space vehicles are powered
by engines that have a highly underexpanded nozzle, and
an extension of the existing nozzle to a larger area ratio
will increase the thrust capability of the particular engines.
However, if the existing nozzle structure of an engine is
simply extended to produce a larger area ratio, the exten-
sion in some instances would interfere with components,
such as propellant tanks, of the adjoining stage of the
space vehicle, Thus, what is required is a collapsible noz-
zle extension that can be stowed in a compact arrangement
and deployed after adjoining stage separation, which
means that the extension must be deployable under low
of zero gravity conditions,

SUMMARY OF THE INVENTION

The invention comprises a set of telescoping conical
sections that are interconnected to each other and to the
exit end of the existing engine nozzle by a plurality of
folding and extending circumferentially spaced linkage
arms. In the stowed position the conical sections are tele-
scopically arranged concentrically around the exit end
of the nozzle, and in the extended position the sections
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mate end to end. Each of the linkage arms is secured to
the existing engine nozzle and may be latched in the folded
position, being urged toward the extended position by
springs incorporated in the links, The linkage arms are
released by the latch mechanism when nozzle extension is
desired and the spring-urged linkage arms force the ex-
tension of the conical sections in a weightless environ-
ment, When the conical sections are extended the linkage
arms automatically lock in the extended position thus
rigidifying the nozzle extension.

Accordingly, it is a general object of the present inven-
tion to provide an improved collapsible nozzle extension
for rocket engines.

A more specific object of the invention is to provide
a nozzle extension system that may be stowed in a com-
pact arrangement and extended to effect the nozzle exten-
sion at the exact time required.

Another object of the invention is fo provide an exten-
sion system for a rocket engine nozzle that will operate
under zero gravity conditions without the necessity for
complex and heavy actuating equipment such as electric
motors, gears and guide tracks for forcing the extending
parts into place.

Another object of the invention is to provide a collapsi-
ble nozzle extension that will automatically lock and
rigidify in the extended position after extension has been
accomplished.

These and other objects and advantages of the inven-
tion will become apparent upon reference to the follow-
ing specification, attendant claims and drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is an elevational view of adjoining stages of
a space vehicle, partially broken away to show a rocket
engine of one stage equipped with a collapsible nozzle
extension in the stowed position.

FIG. 2 is an elevational view of a rocket engine nozzle
such as shown in FIG. 1 equipped with the nozzle ex-
tension system of the present invention, the extension
being in the collapsed position.

FIG. 3 is an elevational view of the rocket engine
nozzle of FIG. 2 showing the nozzle extension in the ex-
tended position.

FIG. 4 is an enlarged cross-sectional view of the en-
gine nozzle of FIG. 2 taken along line 4—4 of FIG. 2.

FIG. 5 is an enlarged cross-sectional view of the en-
gine nozzle of FIG. 3 taken along line 5—5 of FIG. 3.

FIG. 6 is a view of the outer side of a pair of links
taken along line 6—6 of FIG. 5.

FIG. 7 is a view of the under side of the pair of
links shown in FIG. 6.

FIG. 8 is an enlarged cross sectional view showing the
mating ends of two conical extension sections and the con-
nection between a conical section and one of the links
of FIGS. 6 and 7.

FIG. 9 is a view, partially in cross section, of a bracket
assembly taken along line 9—9 of FIG. 5.

FIG. 10 is another view of the bracket assembly of
FIG. 9 taken along line 10—18 of FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, therein is shown adjoining stages
11 and 13 of a space vehicle with stages meeting along
a separation line 15. The stage 11 is powered by a rocket
engine 17 which is equipped with a collapsible nozzle
extension system to be deployed immediately following
separation of the stages 11 and 13. As indicated previous-
ly, it is necessary to employ a collapsible nozzle extension
system that can be deployed after stage separation, since
the nozzle would interfere with components of the stage
13, such as its propellant tank, if the existing nozzle of
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the engine 17 were merely lengthened with a noncollapsi-
ble extension. Moreover, since stage separation may
occur in low or zero gravity conditions, it is required that
the nozzie extension system on the engine 17 be de-
ployable under such conditions.

In FIG. 2 a nozzle 19 of the rocket engine 17 is shown
with the extensible nozzle system in the collapsed or
stowed position. As shown in FIG. 4, the extensible sys-
tem includes a series of comical metallic sections 21, 23,
25 and 27 concentrically arranged around the exit end of
the nozzle 19 with each section diverging in diameter
from its upper or forward end to its lower or trailing
end. The respective sections gradually decrease in diam-
eter so that they will telescope into a compact arrange-
ment. The sections are interconnected, supported and
shifted from the collapsed to the extended position by
a plurality of linkage arms 31 circumferentially spaced
equally around the lower end of the nozzle 19, The em-
bodiment illustrated in FIGS. 2 and 3 utilizes six linakge
arms 31 spaced at 60 degree intervals. In FIGS. 3 and §
the conical sections 21, 23, 25 and 27 are shown extend
ed with the linkage arms 31 supporting them and rigidi-
fying them in the extended position.

Each of the linkage arms 31 comprises a series of
pivotally connected links 33 and 35 (see FIGS. 5, 6 and
7). Each of the links 33 has a web portion 37 extending
between flanges 39 with a diverging length 41 merging
with a portion 43 having parallel edges. At the diverging
end of the links 33 are a pair of lugs 45 and a center lug
47 having aligned holes therein to receive a pivot pin
49, The outer side (FIG. 6) of the links 33 has two
converging ribs 51 that merge into the center lug 47.
The opposite end of each link 33 has two projecting lugs
53 having aligned holes to receive a pivot pin 55 (FIG. 7)
and projecting from the outer side of the links as an in-
tegral part of the side flanges 39 are two further lugs
57 also having aligned holes to receive a pivot pin 59
(FIGS. 5, 6 and 8).

The second link 35 is channel shaped having a diverg-
ing portion 61 and a straight-edge portion 63 at the end
of which are a pair of lugs 65 having aligned holes to
receive the pivot pin 59. As seen from FIGS. 5, 6 and 7,
the lugs 65 of the link 35 receive the lugs 57 of the link
33 with these lugs being pivotally connected by the pivot
pin 59. Likewise, the diverging ends of the links 33
and 35 mate with the lugs 45 and 47 of the links 33
fitting between a pair of lugs 69 of the links 35. These
lugs are pivotally conmected by the pivot pin 49 and
this pivot joint is spring biased by a pair of springs 71
arranged on the pivot pin 49.

The spring 71 are mounted on each side of the center
Iug 47 of the link 33 and one end of each spring 71 passes
through an aperture 73 on each side of the web por-
tion of the link 35. The opposite end of each of the
springs 71 is directed parallel with the web portion 37
of the link 33 and bears against the inner surface of the
web portion 37 strongly biasing the links 33 and 35, and
thus the entire linkage arm 31, toward the extended or
unfolded position shown in FIGS. S, 8 and 9.

Thus the several links 33 and 35 are connected
in the manner described to form the linkage arms 31.
The links 33 are joined respectively to the conical sec-
tions 21, 23, 25 and 27 through connectors 77 (see FIG.
8) having angularly related arms 79 and 81 with the
end of the arm 79 having a connecting plate 83 joined
by screws 85 to a connecting flange 87 welded to the
forward end of each of the various conical sections. The
other arm 81 of the connectors 79 is joined by screws 89
to a stop element 91 that is welded to the end edge of each
conical section. When the conical sections are extended,
the stops 91 contact a shoulder surface 93 formed near
the lower or trailing end of the conical sections. The for-
ward end of each of the conical sections is slightly di-
verged so as to mate with a tapered end edge 95 of the
respective conical sections.
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Fach of the linkage arms 31 is supported at its upper-
most link by a bracket assembly 97 that also includes a
mechanism for latching the linkage arm in the folded
position and releasing the linkage arm simultaneously
with other linkage arms for extension in response to a
signal. The uppermost link of each linkage arm is re-
cessed at 99 to avoid interference with a lower structural
ring 101 of the main nozzle 19.

Referring to FIGS. 5, 9 and 10, each bracket assembly
97 includes a support structure 103 comprising spaced
and opposed vertically tapered angle plates 185 covered
by a plate 167 fastened to the angle plates by screws 189.
This forms a hollow structure that is joined by welding
to structural rings 111, 113 and 115 of the main nozzle
19. A notch 116 is formed in the lower region of the
support structure 103. In this notch is installed an angle
plate 117, and fitted on the angle plate 117 is an angular
connector 119 for receiving the upper end of the upper-
most link 35. The plate 117 and the connector 119 are
joined to the support 183 by bolts 121. The connector
119 (see FIG. 9) has a pair of triangular shaped ribs 123
formed integrally with the connector and between these
ribs 123, secured by bolts 125, is a U-shaped stop ele-
ment 127 with the web portion thereof inclined to act as a
stop for the uppermost link 35 when the linkage arm is
in the folded position shown in FIG, 4.

The connector 119 carries a lower lug 129 that has a
hole therethrough to match with the holes in the end
lugs 65 of the uppermost link 35, being connected by a
pivot pin 131 (FIG. 4).

Joined to the support structure 103 near its lower end
through connecting lugs 135 and a bolt 137 is a channel-
shaped bracket arm 139. On the upper side of the bracket
arm is an integral connector 141 receiving an adjustable
connecting rod 143 that extends from the connector 141
to a second connector 145 mounted on the upper region
of the support structure 103. The function of the con-
necting rod 143 is to maintain the bracket arm 139 in its
horizontal positien.

Extending between a connector 147 of the bracket arm
139 and a linkage arm release lever 149 is a pneumatic
cylinder 151 that is connected through a tube 153 to an
annular air conduit 155. The conduit 155 extends around
the nozzle 19 and is supplied by a source of air pressure
(not shown). The pneumatic cylinder 151 includes a
piston 156 joined to a clevis 157, the latter being con-
nected to the release lever 149.

The outer end of the bracket arm 139 includes a
shallow groove 159 that receives the pivot pin 49 located
between the end pair of links 33 and 35. A pivoted U-
shaped locking and releasing element 161 projects beyond
the end of the bracket arm 139 and includes a groove 163
that also engages the endmost pivot pin 49. When the pivot
pin 49 is locked at the end of the bracket arm 139 with
the entire arm in its folded position the upper portions of
the links 33 and 35 partially enter the channel of the
bracket arm 139, The several linkage arms are thus
held in their retracted position with the springs between
the respective linkage elements urging the arms toward
the extended position.

When it is desired to deploy the nozzle extension the
pnenmatic cylinder 151 on each of the support arms
139 is actvated simultaneously to retract the piston 156
and pivot the releasing element 161 to thus release the
pin 49 and each of the linkage arms 31 at precisely the
same time. When the linkage arms are released the
conical sections extend in a step fashion with the outer
section 21 becoming fully extended before the next section
starts to extend and so on until each of the sections has ex-
tended to the position shown in FIGS. 3 and 5. The last
section to extend is the smallest element 27 the upper or
forward end of which mates with a pre-installed conical
transition section 165 that is joined by bolts 167 to the
diverging end of the existing nozzle 19.
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As indicated in FIG. 5, when the respective linkage
arms 31 extend the springs 71 in the joints between the
links 33 and 35 force the pivot pins 49 to an overcentered
position to produce an overcenter locking of the linkage
arms in the extended position. The linkage arms are thus
locked in the extended position and the arms become rigid
load carrying members rigidifying the extended conical
sections and preventing them from retracting. The springs
incorporated between the linkage elements 33 and 35 are
strong enough to force the conical sections to their ex-
tended position under low or zero gravity conditions with-
out any auxiliary power equipment such as motors, gears
and guide tracks.

It is understood that various interfitting and sealing
configurations and materials may be incorporated at the
overlapping end portions of the extended conical sections.

What is claimed is:

1. A collapsible extension for a nozzle of a rocket en-
gine comprising:

(2) a tubular section arranged concentrically around
the exit end of said nozzle and adapted to shift a
predetermined distance in a direction rearward of
said nozzle;

(b) said exit end of said nozzle bearing a tubular por-
tion adapted to mate with the forward end of said
section when said section is shifted to the extended
position;

(c) means for maintaining a connection between said
section and said nozzle when said section is in the
collapsed, extended or an intermediate position;

(d) means for locking said section in the collapsed ar-
rangement and releasing said section for extenmsion;

(e) means for urging said section to the extended posi-
tion;

(f) said connection means comprising a plurality of
linkage arms circumferentially spaced around the
said nozzle;

(g) each of said arms comprising a pair of pivotally
connected folding and extending links;

(h) one link of each of said pair of links connected
to said section;

(i) the other link of each of said pair of links con-
nected to said nozzle.

2. The invention as defined in claim 1 wherein said
urging means comprises springs incorporated in said pivot
connections between said links.

3. The invention as defined in claim 2 wherein said
extension incorporates means including said springs for
automatically locking said linkage arms in the extended
position.
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4. The invention as defined in claim 1 wherein said
means for locking said section in the collapsed arrange-
ment and releasing said section for extension includes a
bracket arm overlying and engaging each of said linkage
arms, said releasing means further including an air cylin-
der associated with each of said bracket arms, each of
said air cylinders being connected to a common source of
air pressure to effect simultaneous release of each of said
linkage arms.

5. A collapsible extension for a nozzle of a rocket en-
gine comprising:

(a) a plurality of tubular telescoped sections arranged
concentrically around the exit end of said nozzle and
adapted to shift a predetermined distance in a di-
rection rearward of said nozzle;

(b) said exit end of said nozzle bearing a tubular por-
tion adapted to mate with the forward end portion
of the innermost of said telescoping sections when
said section is shifted to the extended position;

(c) the forward end portion of each of the other of
said telescoping sections adapted to mate with the
trailing end portion of the next smallest section when
said sections are shifted to the extended position;

(d) means for maintaining an interconnection between
said sections and said nozzle when said sections are
in the collapsed, extended or an intermediate posi-
tion;

(e) means for locking said sections in the collapsed
arrangement and for releasing said sections for ex-
tension;

(f) means for urging said sections to the extended po-
sition;

(g) said interconnection means comprising a linkage
arm that folds in the collapsed position of said sec-
tions and unfolds in the extended position of said
sections;

(b) means including said linkage arm for locking said
sections in the extended position.
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