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REINFORCEDEXPANSIBLE: TUBE 
Hoel L. Bowditch, Foxboro, Mass, assignor to The Fox 

boro Company, Foxboro, Mass a corporation of 
Massachusetts'. 

Application November 24, 1954, Serial No. 470,936 
2 Claims. (CI. 137-793) 

This invention relates to reinforced convoluted tubular 
devices which are expansible lengthwise, such as bellows 
like structures with reinforcing means therefor. 
Such devices are useful, for example, as fluid pressure 

sealing units for movable: shafts, as flexible conduits, 
pressure-sensing elements, valve motors, and the like. It 
is important for such devices to be very flexible so that 
they can be-readily moved or adjusted according to the 
operational movement or adjustment required of them, 
and for this reason it is usually, desirable to form the 
device from relatively thin, flexible metal. It is also 
important for such devices to be strong enough to with 
stand the operational pressures and movements to be 
applied thereto. According to the concept of the present 
invention, it is, further, important for such devices to 
have relatively uniform, linearity, approaching movement 
and strength characteristics with respect to operational 
pressures as applied thereto. in various stages of move 
ment: or adjustment thereof. Thus the output movement 
of such a device, according to this invention, closely ap 
proaches linearity with respect to operational pressures 
applied thereto, for the purposes of indication, record 
ing, or control. Further, the strength and flexibility char 
acteristics of the unreinforced portions of the device ac 
cording to this invention are and remain essentially uni 
form under variations of applied pressure, and adjust 
ment. - 

The present invention provides, therefore, a rein 
forced expansible tube unit which has high-strength under 
fluid pressure and with respect to the tube material, con 
dition, and thickness dimension, and which is provided 
with such form and arrangement as to result in essentially 
linear movement response to applied pressure, and in such 
uniform elongation or bending upon readjustment as to 
avoid concentrated or spot areas of stress. 
The present invention accordingly provides a reinforced 

expansible tube unit which is particularly useful in ap 
plications involving high fluid pressures, for example, 
-pressures of the order of up to 40,000 p.s. i., although 
there is no specific limit to the possible pressure range, 
since it depends in part on material, material condition, 
and dimensions. 

It is therefore an object of this invention to provide 
a new and improved reinforced expansible tube. 

It is a further object to provide a new and improved 
high-pressure bellows: structure. 

Other objects and advantages of this invention will be. 
in part apparent and in part pointed out hereinafter, and 
in the accompanying drawings, wherein: 

Figure I is an elevation, in partial section, of a con 
voluted and reinforced tube. unit embodying this inven 
tion; 

Figure II is a plan view of the structure of Figure I; 
Figure II is a plan view of a reinforcing ring unit 

such as those used in Figure I; 
Figure IV is a section of the reinforcing ring unit of 

Figure III, taken as on line IV-IV thereof; 
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Figure V is an enlarged section of a fragment of the 

2. 
device (Figure I) as an illustration of the cross-section 
form of the device; 

Figure VI is an enlarged showing of a cross-section 
slice fragment of the device according to Figure V, and 
is an illustration of a tube formed in triple lamination 
as produced by initially providing a cylindrical tube 
formed of three closely fitting telescoping sleeves; 

Figure VII is a flexible coupling application showing 
of the structure of Figure I; 

Figure VIII is a valve stem seal application showing 
of the structure of Figure I; 

Figure IX is an illustration of a device according to 
this invention with an internal, shaft in longitudinal slid 
ing fit within the convolutions thereof; 

Figure X is a fragmentary illustration of a further 
alternate structure. in longitudinally central cross-section, 
wherein the reinforcing ring units are provided with 
dished guide and spring loading discs; 

Figure XI is a plan view of one of the dished disc re 
inforcing ring units as used in the structure of Figure X; 

Figure. XII, is an edge view of the ring unit of Fig 
ure XI; 

Figure. XIII is a valve motor application showing of 
the structure of Figure I; and 

Figure XIV is a pressure sensing element application 
showing of the structure of Figure-I. 
As a matter of convenience in the following descrip 

tion devices embodying this invention will be referred 
to hereinafter in the specification as bellows units, in 
view of the bellows-like side wall convolutions common 
to the various embodiments of this invention as disclosed 
herein. - - 

Figure I presents, a bellows unit 10 as an illustrative 
embodiment of this invention wherein a metal tube 1.1 is 
provided with annular transverse convolutions 12. Be 
tween and defined by the convolutions 2, annular val 
leys 13 are provided, with-reinforcing ring units or bodies 
14 mounted in the valleys 13. Mounting flanges. 15 
and 16 are integrally secured to the tube, one at each 
end thereof. The flanges 15 and 16 are used to mount 
the bellows unit 10 on the particular assembly to which 
the bellows unit is to be applied. Such arrangements 
are shown in Figures VII, VIII, XIII and XIV. Figure 
II is a plan view of flange 15. These flanges are shown 
as heavy discs such as may be used in high pressure 
applications. Bolt holes 17 are provided in the flanges 
15, 16, for use in mounting the bellows unit, and the 
flanges are provided with central, cylindrical openings 
15, 16’ through which the cylindrical ends of the tube 
11 are extended, in tight fitting integral mounting rela 
tion therewith. The flanges 15, 16 are further provided 
with annular outer end bosses 18 and 19 in laterally 
flaring continuation of the flange central openings 15 
and 16'. The tube 11 is similarly flared within the 
flange bosses 18 and 19 and the outer ends of the tube 
and the flange bosses are welded together in annular 
joining seals as at 20 and 21. - 
The outer end faces of the flanges 15 and 16 are pro 

vided with annular step abutments 22, 23 and 24, 25 as 
means for aiding the fitting and sealing of the flanges to 
suitably cooperating portions of the members to which 
the bellows unit 0 is secured in its various applications. 
The inner end faces of the flanges 15 and 16.are provided 
with annular abutments 26 and 27 which are curved in 
cross-section to engage and match a portion of the curva 
ture of the first of the tube convolutions 12 at each end 
of the tube 1. Further, the inner end faces of the flanges 
15 and 16 provided with annular channels.28 and 29-which 
are curved and relieved in cross-section to provide ex 
pansion room for the tube convolutions 12, lengthwise 
of the tube 11. As may be noted hereinafter, this flange 
inner face arrangement is simply a continuation of the 
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arrangements provided by each of the convolutions 12 
by the reinforcing ring units 14 which are adjacent there 
to. Thus the flanges 15 and 16 abut on portions of the 
first of the convolutions 12 at their respective ends of 
the tube 11. - -- . . . 
As shown in Figures I, III, IV, the annular reinforcing 

ring units 14 are formed with inner annular rings 30 and 
outer annular rings 31, and these rings are joined by an 
annular, narrow neck portion 32. With reference to di 
mension in the lengthwise direction of the tube 11 and 
the bellows unit 10, this dimension being the thickness 
dimension of the ring units 14; the outer ring has the 
greatest dimension, the inner ring has a lesser dimension, 
and the narrow neck has the least dimension. The ring 
units 14 are mounted on the tube 11 with the inner rings 
30 bottomed in the convolution valleys 13. The convolu 
tions 12 are reentrant between the inner and outer rein 
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forcing unit rings 30 and 31 and lengthwise of the tube 
1, as permitted by the narrowness of the reinforcing 

ring neck 32. Consequently the convolutions 12 radially 
overlie portions of the reinforcing unit inner rings 30 and 
thus block off the reinforcing ring units 14 with respect to 
movement radially out of the convolution valleys 13. 
The configurations and dimensions of the tube convolu 

tions 12, the valleys 13 therebetween, and the reinforcing 
ring units 14, and their relations with each other, while 
shown generally in Figure I, are more clearly and ac 

20 

25 

curately shown in the enlarged showings of Figures V 
and VI. 
The reinforcing unit inner ring 30 in transverse cross 

Section, i.e. centrally of the ring unit and lengthwise of 
the bellows unit 10 as assembled thereon, is oval shaped, 

80 

with the long dimension lengthwise of the bellows unit, 
and has end faces 33 curved on a radius 34. The valley 
(13) formations of the tube 11 are in overall close en 
gagement with the radially inner faces and for the most 
part the cross-section end faces 33 of the reinforcing 
unit inner rings 30. 
Thus the bottom portions of the tube valleys 13 are 

rigid and take no appreciable part in the flexing and 
elongation of the bellows unit. Further, very substan 
tial reinforcement of the bellows unit at the valley areas 

35 
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is provided by the reinforcing ring units 14. This rein 
forcement is not only transversely of the bellows units, 
but is also lengthwise thereof. Such lengthwise reinforce 
ment is provided at the reinforcing unit inner rings 30, 
since portions of adjacent convolutions are rigidly sep 
arated at a fixed distance by the reinforcing unit inner 
ring 30 therebetween. Thus, the flexing and elongations 
of the bellows unit 10 is accomplished by flexing of the 
unrestricted portions of the convolutions 12. Further 
lengthwise reinforcement of the bellows unit 10 is pro 
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vided by the reinforcement unit outer rings 31. A nor 
mal, at rest condition is illustrated in Figure I, with the 
outer rings 31 somewhat separated from each other 
lengthwise of the bellows unit. However, endwise crush 
sing or tilting forces on the bellows unit are limited in the 
effect they can have on the convolutions 12 by the fact 
that after a short movement of compression, the rein 
forcing unit rings 31 are seated on each other to form 
a rigid cylinder. The reinforcing unit rings 31 are formed 
with flat upper and lower faces as a means of facilitating 
Such lengthwise reinforcement by providing substantial 
and matching mutual seating areas on the rings 31. 

Figure VI provides a detailed enlargement of a cross 
Section slice of a convolution 12 between two reinforcing 
units 14, while Figure VI shows a laminated tube 11' 
the same configuration may also be provided in a single 
thickness tube 11 (Figure V). 
The reinforcing ring units 14 are formed with clear 

ances 14 which provide room, both transversely and 
lengthwise of the bellows unit, for the convolutions 12 
to be expanded without backing or external restraint as 
they are formed into a close approximation of a circu. 
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lar contour as indicated in Figure VI, radius 35. Fur 
ther, the clearances 14 provide room for the convolution 
to be flexed without hindrance throughout the operating 
range of the bellows unit, while essentially maintaining 
a circular contour, although the radius thereof may be 
slightly changed during such flexing. Such forming of 
the convolution provides a circular contour under ten 
sion and with an appreciable grain component, both in 
the direction of operational stress, generally lengthwise 
of the tube 11, as indicated in Figure VI by the arrows 36. 
Thus the convolutions 12 are provided with uniform 

dynamic strain, and have no undesirable concentrations 
of stresses. The dynamic relation of the circular form 
of the convolutions 12 as on the radius 35, to the cir 
cular forms of the curved ends 33 of the reinforcing unit 
inner rings 30 as on the radius 34, may be considered 
as one circle tangentially rolling on another circle. Fur 
ther, as seen in cross-section, Figure VI, the convolutions 
12 are each made up of a circular portion 37 stemming 
from a curved wall relatively narrow neck portion 38, 
wherein the walls of the neck portion 38 are formed to 
match the reinforcing ring curved ends 33. The curve 
of the circular portion 37 blends in each case with the 
curve of a wall of the neck portion 38 at a point on the 
end portion curve of the reinforcing unit inner ring 30. 
The circular portion 37 may be identified as a flexure con 
volution. Such portions may vary somewhat in dimen 
sion as the belows unit 10 is flexed, but the greater part 
of each flexure convolution is unhindered and unsupported 
by backing walls or the like, throughout the operating 
range of the device. Thus a bellows unit is provided 
which closely approaches linearity in its movement in 
response to fluid pressure as applied thereto. 
The Figure VI laminated tube 11' structure provides 

the advantages of separate tube walls that may move with 
respect to each other during the forming and operation 
of a device according to this invention. Such an arrange 
ment can be an aid in avoiding undesirable stress ar 
rangements or concentrations in the tube. The Figure 
V and VI showings of this invention illustrate how the 
reinforcing unit inner rings 30 are blocked off by the 
convolutions 12, with respect to possible movement of 
the rings 30 radially outward, that is, out of the valleys 
13. This structural arrangement is indicative of the reen 
trant form of the convolutions 12, lengthwise of the bel 
lows, and with respect to the annular reinforcing units 14. 

This device is provided with circular cross-section 
shapes in the convolutions 12, as illustrated in Figures 
V and VI. The annular reinforcing unit clearances 14 
are sufficient to permit this action without any backing 
or Support for these circular forms, even with the re 
inforcing ring units 14 held in close engagement with 
each other by the crushing pressure as applied endwise of 
the bellows unit. Consequently the convolutions 12, 
are under tension, uniformly, and in the direction of 
the circular cross-section form of the convolutions, Fig 
lure VI, arrows 36. Further, the grain form is appre 
ciably in the direction of these arrows 36. Therefore 
flexing action of the bellows unit upon application of fluid 
pressure thereto closely approaches linearity of response. 
With this arrangement it will be seen that each of the 
convolutions 12 has a flexible portion which is a large 
part of the whole convolution with this flexible portion 
remaining flexible, unhindered and externally unsup 
ported, as a whole, throughout the operating range of 
the bellows device. Certain small dimensional changes 
may occur, that is, the circular cross-section radius may 
change slightly during the operation of the device; the 
circular cross-section of the convolution may roll some 
what on the reinforcing unit inner ring 30; or there may 
be slight slippage between the neck portion of the con 
volution and the inner ring 30. In any case the dimen 
sional changes thus brought about in the flexible portion 

75 
of the convolution are relatively quite small, with no 
practical appreciable effect on the dimensions of the flex 
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ible portion of the convolution or on the linearity of the 
device. - 

Figure VII shows the bellows unit 10 of Figure I in an 
application as a flexible coupling on a high pressure 
fluid flow pipe line. The bellows unit 10 connects two 
pipes 56 and 57 to form a continuous conduit therewith. 
The bellows unit flanges 15 and 16 are secured to pipe 
flanges 58 and 59, and the bellows unit is pressure sealed 
to the pipe flanges. With this arrangement the pipes 56 
and 57 may be substantially out of alignment and the 
bellows unit may be subject to bending, without estab 
lishing stress concentrations in the bellows unit 10. This 
desirable condition is made possible by the form and 
construction of the bellows unit as described hereinbe 
fore and involving its linear response, its uniform ten 
sion dynamically and statically, its grain disposition, and 
the circular cross-section configuration of the bellows con 
struction. 

Figure VIII shows the bellows unit 10 of Figure I in 
an application as a high pressure seal. In order to con 
trol flow in a pipe line it is conventional to mount a 
valve stem for movement through a wall of a control 
chamber. Under high pressure conditions such arrange 
ments present difficult problems with respect to sealing off 
the valve stem without undesirably affecting its move 
ment. The bellows unit of this invention provides a 
ready and practical solution to this problem, as illus 
trated in Figure VIII. In this figure, at the bottom there 
of, an input passage 60 leads to a control chamber 61 
through a valving aperture 62 and an output passage 
63 leads from the chamber 61. A valve stem 64 ex 
tends into the chamber 61 and is movable to open and 
close the valving aperture 62. One end of the bellows 
unit 10 is secured and sealed to the fixed valve chamber 
housing and the other end is secured and sealed to the 
valve stem 64. In this showing the valve stem 64 is 
movable by a conventional fluid pressure diaphragm mo 
tor 65. The valve stem 64 is shown in two parts, but it 
is integral and solid from the motor 65 through the 
bellows unit 10 to the valving aperture 62. 

Figure IX is an illustration of how a valve stem, or a 
shaft for other purposes, may be arranged within a bel 
lows unit according to this invention. Figure IX shows 
a shaft 66 in sliding fit bearing relation with the inner 
walls of the bellows unit 10. This is, for example, a 
pressure seal structure such as item 10, Figure VIII, 
(wherein the Figure VIII shaft 64 is enlarged, as at 66, 
Figure IX, to engage the inner walls 13 of the bellows unit. 
The valleys 13 may have cylindrical inner walls of special 
bearing material if desired. This arrangement also thus 
provides means for preventing undesirable tilting of the 
bellows unit. 

Figures X, XI, and XII are illustrative of a further 
alternate structure of this invention. A part of this struc 
ture duplicates, to the limit of its fragmentary showing, 
the structure of Figure V. Additionally, however, each 
of the reinforcing ring units 14' is provided with a pair 
of dished, annular resilient discs or rings 69 as radially 
outward extensions of the main bodies of the reinforc 
ing ring units. On each reinforcing unit the dished discs 
are placed in convex face to convex face relation with 
respect to each other. Under normal conditions, with 
the main bodies of the reinforcing ring units 14' in 
spaced relation with each other, the lower disc of one 
ring unit is in peripheral engagement with the upper disc 
of the ring unit next therebeneath. This engagement is 
spring biased lengthwise of the bellows unit. Conse 
quently this form of this invention is spring loaded in 
the direction of elongation of the bellows unit, and the 
discs 69 provide another form of protection against bel 
lows buckling or tilting. 

Figure XIII shows the bellows unit 10 of Figure I in an 
application as a fluid pressure motor. That is, the bel 
lows unit here is substituted for the Figure VIII dia 
phragm motor 65. In this Figure XIII structure, one end 
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6 
flange (15) of the bellows unit is secured and sealed to a 
fixed mounting member 70, with a fluid pressure input 
passage 71 therein leading to the upper open end of the 
bellows unit. There is no shaft within the bellows, and 
pressure applied therewithin produces responsive move 
ment of the lower end bellows flange 16. This lower end 
of the bellows is sealed off against a solid mounting disc 
72, and the upper end of a valve stem 73 is secured to 
the under side of the mounting disc 72. The valve stem 
73 is extended to indicate its use in a valve block for 
opening and closing a fluid flow passage 74. 

Figure XIV shows the bellows unit 10 of Figure I in 
an application as a fluid pressure sensing element. Such 
an element may have its lower end flange 16 fixedly 
mounted on a fluid flow pipe line 75, with an opening (not 
shown) providing access to the interior of the bellows 
from the pipe line 75. The upper end flange 15 of the 
bellows unit 10 is sealed off against a solid disc 76 and is 
movable in response to fluid pressures applied within the 
bellows unit 10. As an indication of an application of 
such movement, a mechanical connection 77 is shown as 
operating an indicator 78, pivoted as at 79, with respect 
to a scale 80. 

This invention, therefore, provides a new and improved 
reinforced convoluted tubular device, such as a bellows 
like structure with reinforcing means therefor. 
As many embodiments may be made of the above in 

vention, and as changes may be made in the embodiments 
set forth above without departing from the scope of the 
invention, it is to be understood that all matter herein 
before set forth or shown in the accompanying drawings 
is to be interpreted as illustrative only and not in limiting 
SeSe. 

I claim: 
1. A reinforced bellows unit comprising a transversely 

convoluted tube and annular transversely reinforcing ring 
bodies mounted on said tube between the convolutions 
thereof, said reinforcing ring bodies each having an inner 
annular ring, an outer annular ring, and a relatively nar 
row annular neck portion joining said rings, each of said 
convolutions extending between said annular rings of each 
adjacent ring body at the said annular neck portion there 
of, and outer, lengthwise reinforcing and spring loading 
dished rings mounted on said outer anular rings, each of 
said outer rings being provided with a pair of said dished 
rings arranged convex face to convex face lengthwise of 
said tube, and the outer rim of each disc being in spring 
biased engagement with the outer rim of a disc on the next 
adjacent outer annular ring. 

2. A flexible, reinforced bellows-like unit comprising an 
integral transversely multiconvoluted tube and individual 
reinforcing ring bodies mounted on said tube between the 
convolutions thereof, said reinforcing ring bodies each 
having an inner anular ring as a base form thereof with 
said base lying deep in the valley of one of said convolu 
tions, an outer anular ring as a top thereof with said top 
lying above the peaks of the adjacent convolutions of said 
tube, and a relatively narrow neck portion joining said 
base and top to form a joining leg on a radius of said con 
voluted tube, each of said convolutions having a trans 
verse cross section of essentially circular form in a plane 
extending lengthwise of said tube, which is substantially 
greater than a semi-circle and which bulges lengthwise of 
said tube to lie, on radii of said tube, between portions of 
the bases of the adjacent rings and portions of the tops of 
said adjacent rings, said rings providing, with each ad 
jacent pair of rings, an annular housing chamber for one 
of said convolutions with an operating clearance for said 
one of said convolutions sufficient to enable said convolu 
tion to maintain said circular cross section throughout the 
operating range of expansion of said tube, and said tops 
being formed and arranged for abutment with their ad 
jacent tops as a limit stop system to limit the possible 
lengthwise compression of said convoluted tube. 

(References on following page) 
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