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57 ABSTRACT 
In a self-erecting tube device having a helical axially 
extending ribbon of spring material with adjacent 
turns set to coil tightly in overlapping and telescoping 
engagement and mounted on a base, the tube on erec 
tion is guided by one or two converging-diverging noz 
zles. On erection, the nozzle or nozzles support the 
erected tube by virtue of having inner diameters equal 
to the outer diameter of the portion of the erected 
tube opposite the nozzle in question. In the single noz 
zle embodiment the base of the tube may be sup 
ported by resilient clamping means. The nozzles in 
one embodiment are on collapsible telescoping 
mounts for economy of space in storage. For accurate 
positioning of the tip there is provided a telescopic 
connection between the tip and the tube with resilient 
means biasing the tip outwardly. Restraint means con 
nected to the tip and the base limit the extension of 
the tip to a predetermined distance from the base. 

8 Claims, 15 Drawing Figures 
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SELF-ERECTING TUBE DEVICE 
BRIEF SUMMARY OF THE INVENTION 

Self-erecting tubes having a helical axially extending 
ribbon of spring material with adjacent turns set to coil 
tightly in overlapping and telescoping engagement are 
well known in prior art as seen in U.S. Pat. No. 
3,467,329 dated Sept. 16, 1969 which is incorporated 
herein by reference. The self-erecting tubes desirably 
are guided while erecting. Further, guides are relied 
upon to hold the axis of the tube in a predetermined po 
sition when erected. In addition to guiding, it is neces 
sary to support the outer periphery of the tube near its 
lower end in order to provide resistance to the lateral 
displacement of the tube as well as resistance to com 
pression of the tube in the direction of its axis. U.S. Pat. 
No. 3,467,329 discloses a tubular guide which is satis 
factory for guiding but cannot be employed to provide 
the desired resistance to lateral loading since such a 
guide having sharp internal edges at its ends causes 
very high stress concentrations in the tube. 

In accordance with this invention, excellent guiding 
and a high degree of resistance to compressive and can 
tilever loading results from the employment of one or 
more converging-diverging nozzles. Each nozzle em 
ployed has a minimum inner diameter slightly smaller 
than the outer diameter of the portion of the erected 
tube adjacent the minimum diameter to provide for a 
ram fit of the tube in the nozzle. Advantageously, the 
inner surface of the nozzle will have a hardness greater 
than that of the tube to prevent snagging of the tube 
and to provide for repeated operation. Hardened tool 
steel and hard anodized aluminum are satisfactory. 
Case hardened steel may be employed. 
When a single nozzle is employed, means are pro 

vided to clamp the tube in the vicinity of its stored posi 
tion. The clamp may be, for example, a spring clamp of 
the type well known for use with such tubes. 
The converging-diverging nozzle provides for grip 

ping the tube after it is erected by a narrow band of the 
nozzle throat providing for accurate gripping at a 
known point on the erected tube. It eliminates highly 
undesirable supporting adjacent a sharp edge and re 
sults in a good distribution of the load under cantilever 
loading of the erected tube. It also provides for accu 
rate positioning of the axis of the tube. 
To provide for very accurate positioning of a tip on 

the outer end of the tube at a predetermined distance 
from the base on which the tube is mounted, the tip is 
telescopically connected to the tube and biased out 
wardly by resilient means such as a compression coil 
spring. A restraint means is connected to the tip and 
the base to limit the extension of the tip to a predeter 
mined distance from the base which is less than is per 
mitted by the full extension of the tube perse. This, to 
gether with the accurate positioning of the tube axis 
discussed above, permits the positioning of the end of 
the erected tube at a predetermined position in space. 
To reduce the required storage volume of the device 

of the invention the nozzle or nozzles employed may be 
mounted on supports which collapse towards the struc 
ture employed to store the ribbon of spring material 
forming the tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an elevational view of a self-erecting tube 

device in accordance with the invention; 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
FIG. 2 is an elevational view of the device of FIG. 1 

in the erected condition; 
FIG. 3 is an elevational view, partially broken away, 

showing the lower nozzle of the device of FIG. 1 with 
the tube in the erected condition; 
FIG. 4 is an elevational view, partially broken away, 

of the upper nozzle of the device of FIG. 1 with the 
tube in the erected condition; 
FIG. 5 is a vertical section, partially broken away, 

through a screw 60 of the device of FIG. ; 
FIG. 6 is an elevational view, partially broken away, 

of a cord retaining device in the device of FIG. 1; 
FIG. 7 is a view taken on the plane indicated by the 

line 7-7 of FIG. 6; 
FIG. 8 is an elevational view of an alternate device in 

accordance with the invention, 
FIG. 9 is an elevational view, partially broken away, 

of the device of FIG. 8 in the erected condition; 
FIG. 10 is a view, partially broken away, taken on the 

plane indicated by the line 10-10 in FIG. 8; 
FIG. 11 is a view taken on the plane indicated by the 

line 11-11 in FIG. 8; 
FIG. 12 is a view taken on the plane indicated by the 

line 12-12 in FIG. 8; 
FIG. 13 is a vertical section, partially broken away, 

through an alternative device in accordance with the 
invention; 
FIG. 14 is an elevational view, partially broken away, 

of the device of FIG. 13 in the erected condition; and 
FIG. 15 is an enlarged view of the outer nozzle and 

its mounting in the device of FIG. 8. 
DETALED DESCRIPTION 

Referring first to FIG. 1, a self-erecting tube device 
2 has a base plate 4 by means of which the device 2 can 
be clamped, bolted or otherwise secured to, for exam 
ple, a space vehicle or any other supporting structure. 
Four spaced rods 6 are threadably secured to plate 4 
and locked in position by lock nuts 8. Rods 6 pass 
through openings 10 in flange 12 of canister 13 and are 
secured by nuts 14 on opposite sides of flange 12 and 
by lock nuts 16. Canister 13 has a base 18 provided 
with tapped openings 19 in which rods 20 are thread 
ably secured, Rods 20 pass through clearance holes 22 
in guide member 24. Nuts 26 are tightened up against 
guide member 24 to hold it tightly against canister base 
18. Rods 20 pass through clearance openings 28 in base 
30 of a bobbin 32 and are held in position by nuts 34 
on opposite sides of base 30 and lock nuts 36. 
A flexible restraint cord 44 has a knot tied at one end 

as indicated at 46 and passes through an opening 48 in 
base 30 and is wound about bobbin 32. Cord 44 is se 
cured by passing it partway into "X" slot 52 where it 
is held by a washer 53 (FIG. 6) which is urged against 
cord 44 by a compression coil spring 54 which is re 
tained by a headed screw 56 secured in bobbin 32. As 
shown in FIG. 5, cord 44 passes through a central open 
ing 58 in screw 60 and is knotted at its end 62 so that 
it cannot pull through opening 58. Screw 60 is thread 
ably secured in rod 64 which has secured therein by a 
pressed fit a pin 66 (FIG. 1) which abuts against a tube 
68 through which rod 64 passes. Tube 68 passes 
through flaired opening 72 in guide member 24 and 
opening 74 in canister base 18. A compression coil 
spring 76 biases tube 68 against pin 66. 
A collapsed helical ribbon 78 of spring material with 

adjacent turns set to coil tightly in overlapping and tele 
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scoping engagement of the type disclosed in the previ 
ously discussed U.S. Pat. No. 3,467,329 has its erecting 
end secured to tube 68 by a rivet indicated at 80 and 
its root end secured to canister 13 by a rivet 81. Tube 
68 is held by a pin 84 with a handle portion 86, pin 84 
passing through openings in tube 68 indicated generally 
at 88. 
Compression coil spring 76 surrounds rod 64 and ex 

tends to abut against nut 64A threadably secured to rod 
64 and locked by a lock nut 64B. A tip pay-load 90 is 
secured to rod 64 by a set screw indicated at 92. While 
the tip pay-load may be for a wide variety of uses, the 
tip pay-load 90 is illustrated as being an electrostatic 
sensor which is typical of a class of tip pay-loads em 
ployed with self-erecting tubes and hence need not be 
detailed here. 
Base 4 is secured to a housing 100 by means of cap 

screws 102 which pass through clearance holes 104 in 
base 4 and are threaded to openings 106 in housing 
100. 
A converging-diverging nozzle 10 has a tapered 

outer periphery 112 which is held in engagement with 
tapered wall 114 of base 4 by means of a clamping ring 
116 which is secured by cap screws 118 threaded into 
base 4. 
A converging-diverging nozzle 124 has a tapered 

outer periphery 126 which is held in tight engagement 
with tapered wall 128 of housing 100 by a clamping 
ring 130 which is secured by cap screws 132 to housing 
100. A flanged split ring 140 has an opening 142 for ac 
commodating tip pay-load 90 and a periphery 144 
which engages the inner periphery 146 of clamping ring 
130 to retain split ring 140 in position during the stor 
age condition of the device. 

In operation, when pin 84 is pulled releasing tube 68, 
helical ribbon 78 erects into tube 78A (FIG. 2). At the 
commencement of erection, as tip pay-load 90 is ad 
vanced tip pay-load flange 90A moves split ring 140 
away from clamping ring 130 and the ring 140 falls 
clear of the device in two halves. As tube 78A (FIG. 2) 
erects it is guided by nozzles 110 and 124 and pulls 
cord 44 off bobbin 32. Before tube 78A (FIG. 2) is ar 
rested by nozzles 110 and 124, cord 44 is fully ex 
tended and prevents any further travel of tip pay-load 
90. As tube 78A continues to erect, it causes tube 68 
to continue to advance and compress spring 76. Then 
tube 78A rams into nozzles 110 and 124 because at this 
juncture the diameters of the tube opposite nozzles 110 
and 124 have grown to a greater diameter than the 
inner diameter of nozzles 110 and 124 respectively 
(FIGS. 3 and 4). This causes a ram fit of tube 78A 
within nozzles 110 and 124 in the throat of the con 
verging-diverging surfaces and arrests the further 
movement of tube 78A as best seen in FIGS. 3 and 4. 
The tight holding of tube 78A by nozzles 110 and 124 

strongly resists axial compression of tube 78A from its 
outer end. Further, it greatly increases the resistance of 
the tube to cantilever loading. 
An alternative self-erecting tube device 200 is shown 

in FIGS. 8 and 9. This is a single-nozzle embodiment 
and largely employs parts employed in the embodiment 
of FIG. 1 which are given the same numbers as the 
identical parts in FIG. 1. In the device 200 helical rib 
bon 78 is retained within a spring clamp 202 which is 
secured to canister 13 by rivets 204 and 206, rivet 204 
additionally engaging the outer root end of ribbon 78. 
This clamping arrangement is well known to the art. 
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For proper nozzle centering, a modified base plate 

210 is employed as best seen in FIG. 15. Base plate 210 
has tapped openings 212 for the reception of rods 6. It 
has a tapered opening 214, the center of which is 
shifted in the direction of rivets 204 and 206 (FIG. 8) 
in order to shift the center line of nozzle 110 in this di 
rection for the proper accommodation of tube 78A 
when it erects. With two nozzles and without spring 
clamp 202 as in the embodiment of FIG. 1 it is possible 
to align the nozzles with the center line of canister 13. 
However, when only one nozzle is employed with a 
spring clamp supporting the erected tube in the canis 
ter, it is necessary to align the nozzle with the center 
line of the erect tube within canister 13 as it is held by 
the spring clamp in order to maintain the erect tube 
perpendicular to base plate 210. 
A tip pay-load 218 (FIG. 8) has a depending hollow 

member 220 which is secured to rod 64 by set screw 
92. Hollow member 220 is centered by a split ring 
member 224 having a half 226 and a half 228, each half 
being tethered by a line 230 to clamping ring 116. Split 
ring 224 has a tapered periphery 232 which engages the 
inner perihphery 234 of clamping ring 116. Depending 
member 220 has a flange portion 238 the outer periph 
ery of which is greater than the inner periphery of split 
ring 224. 
The operation of the embodiment of FIG. 8 is the 

same as the operation of the embodiment of FIG. 1 
with the following differences. As the tube 78A extends 
it is guided only by nozzle 110. At the commencement 
of erection, flange portion 238 of depending member 
220 engages split ring 224 and forces it out of clamping 
ring 116 to fall clear of tube 78A. The erection of tube 
78A is arrested when it rams into nozzle 110 at which 
point the tube is axially aligned with the portion of the 
tube remaining within canister 13 and held by spring 
clamp 202. 
A third self-erecting tube device 302 is shown in 

FIGS. 13 and 14. Device 302 has a collapsed helical 
ribbon 304 of spring material which is of the same type 
as spring 78 and which is collapsed into a canister 306 
which in turn is mounted in a sleeve 308 with the upper 
end of canister 306 abutting against a shoulder 310 of 
sleeve 308. The lower end of canister 306 is retained 
by a base member 312 which is secured to sleeve 308 
by cap screws 314. Sleeve 308 is secured to a base 316 
by screws indicated at 38 with base 316 having open 
ings 320 for the reception of machine screws for 
mounting it to the selected supporting surface. 
A rivet 326 connects the inner end of helical ribbon 

304 to a tube 328 which in turn is connected to a re 
duced ring portion 330 of a tip pay-load 332 by a set 
screw indicated at 334. A rivet 335 connects the outer 
root end of helical ribbon 304 to canister 306. 
The device 302 is provided with a pair of converging 

diverging nozzles 340 and 342. Nozzle 340 is con 
nected as by welding to a stepped ring member 344 
which in turn is connected to a cylindrical member 346 
by cap screws 348. Ring member 344 has a down 
wardly extending flange 350 which embraces one end 
of a compression coil spring 352, the other end of 
which is received in a circular groove 354 in base 316. 
Sleeve 346 is connected to a ring member 358 by cap 
screws 360. 
Nozzle 342 is connected by welding to a stepped ring 

member 362 which in turn is connected by welding to 
a sleeve 364. Sleeve 364 is connected to a ring member 
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366 by cap screws 368 and is adapted to be moved into 
contact with a ring 370 which is secured by cap screws 
372 to sleeve 308 as will be shown below. 
When the device is in the collapsed position, reduced 

ring portion 330 fits within nozzle 340 to keep the tip 
pay-load 332 centered and the device is retained in the 
collapsed position by means of a retaining pin 376 
which has a handle 378 and which passes through an 
opening 380 in base 316, openings 382 and 384 in tube 
328 and opening 386 in base 316. 

In operation, when pin 376 is pulled clear of base 
316, collapsed helical ribbon 304 commences to erect 
to form tube 304A moving tip pay-load 332 away from 
ring member 344 and reduced ring portion 330 out of 
nozzle 340. Compression coil spring 352 now urges 
ring member 344 upwardly causing ring member 358 
to engage stepped ring member 362 which then causes 
nozzle 342 to move upwardly along the sleeve 364 and 
ring 366 until ring 366 contacts ring 370 thereby arrest 
ing the upward movement of nozzles 340 and 342. 
When the outer diameters of the erecting tube 304A 
opposite nozzles 340 and 342 respectively enlarge to 
the point where they are greater than the inner diame 
ter of the nozzles respectively, the tube 304A will ram 
into the nozzles and arrest the upward movement of the 
tube with the results already described above. This em 
bodiment has the obvious advantage of providing two 
nozzles while using a minimum of space in storage. 

It will be understood that the above described em 
bodiments are by way of illustration and are not in 
tended to be limiting. 

I claim: 
1. In a self-erecting tube having a helical axially ex 

tending ribbon of spring material with adjacent turns 
set to coil tightly in overlapping and telescoping en 
gagement and mounted on a base, 
a converging-diverging nozzle for guiding the tube 
during erection and tightly engaging the tube on 
full erection, and 
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6 
a second converging-diverging nozzle spaced from 

the first mentioned nozzle for guiding the tube dur 
ing erection and tightly engaging the tube on full 
erection. 

2. The device of claim 1 having collapsible telescop 
ing means for mounting the nozzles. 

3. In a self-erecting tube having a helical axially ex 
tending ribbon of spring material with adjacent turns 
set to coil tightly in overlapping and telescoping en 
gagement and mounted on a base, 
a converging-diverging nozzle for guiding the tube 
during erection and tightly engaging the tube on 
full erection, and 

collapsible telescoping means for mounting the noz 
zle. 

4. In a self-erecting tube having a helical axially ex 
tending ribbon of spring material with adjacent turns 
set to coil tightly in overlapping and telescoping en 
gagement and mounted on a base, 
a converging-diverging nozzle for guiding the tube 
during erection and tightly engaging the tube on 
full erection, 

a tip telescopically connected to the tube, 
resilient means biasing the tip outwardly, and 
restraint means connected to the tip and the base to 

limit the extension of the tip to a predetermined 
distance from the base. 

5. A device in accordance with claim 4 in which the 
resilient means is a spring. 

6. A device in accordance with claim 4 in which the 
tube has a sleeve in its outer end telescopically engag 
ing the tip. 

7. A device in accordance with claim 4 in which the 
tube has a sleeve in its outer end telescopically engag 
ing the tip and the resilient means is a spring engaged 
between the sleeve and the tip. 

8. A device in accordance with claim 7 in which the 
restraint means is a line. 
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