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[57] ABSTRACT 
A method and apparatus for joining two tubular mem 
bers in a strong, leak-proof fashion in which a band of 
ductile metal is passed around the adjacent ends of the 
members and circumferentially stressed beyond its elas 
tic limit to conform intimately with the outer surfaces of 
the members throughout practically their entire circum 
stances. Several constructions for applying the circum 
ferential forces are disclosed, and use is taught of a 
packing element to prevent'paraxial or helical leakage. 

19 Claims, 18 Drawing Figures 
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EXHAUST SYSI'EM CONNECTOR SEAL 

Mattereaclnsediaheavybrackets [Jappearsinthe 
oridaalpateatbntfcrlaaopartofthisreiasuespeci?ea 
?oq-atterprlatedlnltalicalndicatestheaddittonsmade 
byreilslle. 

BACKGROUND OF THE INVENTION 
This invention relates to the field of connectors, and 

particularly to means for joining two tubular conduits in 
end-to-end relation to give a tight and rigid joint. The 
invention may be used where the members are of the 
same diameter and are simply butted together, where 
one member is slotted to telescopically receive the 
other, or where one member is a rigid tube and the 
other is a ?exible hose into which the ?rst is inserted, 
the latter two cases of course involving tubular mem 
bers of different although approximately the same diam 
eter, the difference being the wall thickness of the outer 
tubular member or hose. 
Although the invention is generally applicable with 

tubing and hoses of widely varying compositions, we 
have chosen to illustrate it as used with the rigid and 
?exible metal tubing and hoses associated with the ex 
haust systems of commercial trucking equipment hav 
ing diameters ranging mostly between two inches and 
six inches. In this field one tubular member is convention 
ally inserted into another and secured there by tighten 
ing a U-Bolt against a semi-circular shoe, in what is 
known as a quillotine clamp or saddle clamp. This ar 
rangement has the drawback that it deforms the cross 
sections of the tubes from circular to elliptical, so that 
stresses are not uniform and so that gases and sound 
leaks directed paraxially, that is, parallel to the axes of 
the members, frequently result. A further defect of the 
arrangement is that the narrow U-bolt frequently dim 
ples the outer tubular member into the inner one, in 
such a fashion that when the U-bolt is removed it is 
impossible to disassemble the complete system without 
cutting the metal. Again, the U-bolt arrangement is 
very severe in its action on ?exible metal hose, while at 
the same time being relatively inefficient in preventing 
leaks along the helical grooves in such hoses. 

Efforts have been made to overcome the defects of 
U-bolt type clamps by use of closed cylinders generally 
of internal diameter to match the outside diameter of 
the tube being clamped, and with means for contracting 
the cylinder to give circumferential force acting sub 
stantially all the way around its periphery. A packing 
strip of some sort is desirable to seal the paraxial gap 
associated with the closure means. Such clamps must be 
positioned at the time the piping system is being assem 
bled, although they need not be tightened until later, 
and they cannot be replaced without disassembling the 
system. Other structures are known, such as that dis 
closed in the Fortune US. Pat. No. 3,4] 1,748, wherein 
a split cylinder of appropriate diameter is provided with 60 
ears which are pulled together to produce the necessary 
circumferential clamping force. 
None of the prior art devices known to applicants 

have been suitable for use in joining tubular members of 
different sizes, as is necessary when one tube is inserted 
within another. Because of this it has been necessary to 
specially construct stepped clamp diameters to fit the 
two tubes being joined, one around the outside of a 
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2 
larger tube at its end, and one around the outside of the 
smaller tube where it emerges from the other. Sizes and 
modi?cations tend to proliferate in such structures to 
the point where mass production is no longer economi 
cally feasible. 

SUMMARY OF THE INVENTION 
A clamp or connector according to our invention can 

be installed in a tubing system after it has been assem 
bled, and accommodates itself not only to tubes of the 
same diameter but also to tubes of approximately the 
same diameter such as telescoped tubes, gripping and 
sealing both the larger and the smaller tube without any 
special machining or size selection. Our structures fur 
ther are easily packaged for shipment and storage since 
before use they are essentially ?at and stack or nest very 
compactly. 

Various advantages and features of novelty which 
characterize our invention are pointed out with particu 
larity in the claims annexed hereto and forming a part 
hereof. However, for a better understanding of the 
invention, its advantages, and objects attained by its use, 
reference should be had to the drawing which forms a 
further part hereof, and to the accompanying descrip 
tive matter, in which there are listed and described 
certain preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawing, FIG. 1 is a perspective view of a 
connector according to our invention prior to use; 
FIGS. 2-4 show the steps in applying the connector 

to the joint between an inner, rigid metallic tube and an 
outer, ?exible metallic hose; 
FIGS. 5 and 6 are fragmentary sectional views taken 

on the lines 5-5 and 6-6 of FIGS. 3 and 4 respec 
tively; 
FIG. 7 shows a pair of our connecting devices in use 

in an engine exhaust line; 
FIG. 8 is a fragmentary sectional view along the line 

8-8 of FIG. 7; 
FIG. 9 is a fragmentary view of a ?rst modi?cation of 

the invention; 
FIGS. 10 and 11 are sectional views along the line 

10-10 of FIG. 9 at two stages of assembly; 
FIG. 12 is a view like FIG. 9 showing a further modi 

?cation of the invention; 
FIG. 13 is a fragmentary sectional view along the line 

13-13 of FIG. 12; 
FIG. 14 is a fragmentary perspective view of another 

embodiment of the invention; 
FIG. 15 is a sectional view generally along the line 

1S—-15 of FIG. 14, showing the connection after being 
tightened; and _ 
FIGS. 16-18 show a further modification of the in 

vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiment of the invention shown in perspec 
tive of FIG. 1 is a connection device 20 comprising a 
band 21 of ductile metal having parallel sides 22 and 23. 
The ends 24 of the band are cut oil‘ at right angles to the 
sides, and are secured as by rows 15 of spot welds or a 
seam weld to reinforcing bars 26, to form reinforced ?at 
ribs 27 which are bent at dihedral angles with the main 
band along apices 30 which are also at right angles to 
the sides of the band. Spaced bores 31 pass through bars 
36 and the ends 24 of the band beyond the rows of 
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welds, for receiving clamping means shown to comprise 
a U-bolt 32, with cooperating washers 33 and nuts 34; it 
will of course be understood that a pair of individual 
bolts may be substituted for U-bolt 32 at some cost in 
inconvenience; if this is desired. It is to be noted that the 
dihedral angles are so formed that U-bolt 32 and wash 
ers 33 contact bars 26 rather than contacting ends 24 of 
band 21. In the form shown in FIG. 1 the connecting 
devices are readily and compactly nested for packing 
and shipment. 
FIG. 2 shows how a connecting device according to 

the invention is applied to a joint between a rigid tube 
35 and a ?exible metal hose 36 into which the tube is 
inserted. Band 21 is simply wrapped around the joint, 
one-third to one-half of the width of the band overlying 
the larger diameter. The ends are brought into apposi 
tion and alignment, U-bolt 32 is passed through bores 31 
in both ribs, and washers 33 and nuts 34 are loosely 
applied. Next a strip 37 of compressible packing mate 
rial is inserted in the gap between ribs 27, under U-bolt 
32. Before discussing what happens as nuts 34 are tight 
ened, some data with regard to one typical installation 
may be helpful. 
The illustration embodiment used "Stripwound” 

stainless steel hose 36 of 4 inches nominal inside diame 
ter; the outside diameter was 4.19 inches. Rigid tube 35 
of steel was 4 inches nominal outside diameter, with a 
wall thickness of 0.06 inches, band 21 was three and 
one-half inches wide and was of 0.018 inch thick stain 
less steel of “dead soft” temper. Bars 26 were one-quar 
ter by one inch in cross section, bores 31 were one-half 
inch in diameter on two inch centers, and U-bolt 32 was 
a seven-sixteenths inch stock with a ?ne thread: bolt, 
nuts, and washers were grade ?ve hardened steel, and 
the bight of the U-bolt was straight rather than curved, 
to contact bar 24 all along the space between the bores. 
By preference the edges of bars 26 adjacent the dihedral 
angles had their edges rounded. The length of band 21 
between the dihedral angles was approximately 0.80 
inches less than the actual circumference of hose 36. 
Now when nuts 34 are tightened the band is drawn 

intimately against the outer circumference of tube 35 
and hose 36. By reason of the original dihedral angles 
and the clamping forces involved, ribs 27 and ?rst 
drawn into contact at their outer edges, as shown in 
FIG. 5. Further tightening of the nuts compresses pack 
ing 37 until a final condition such as that shown in 
FIGS. 4 and 6 is reached. In the course of this tighten 
ing the elastic limit of band 21 is intentionally exceeded, 
and the band permanently stretches, becoming nar 
rower paraxially at its mid portion as it elongates, and 
increasing the intimacy of the contact between the band 
and the hose and tubing, to the point where the helical 
pattern of the hose becomes perceptible at‘the outer 
surface of the band. By reason of the different diame 
ters, it follows that when nuts 34 are set down equally 
on the U-bolt, a portion of band 21 around hose 36 is 
stretched more severely than the portion around tube 
35, and this in turn results in an arrangement in which 
the bars do not align with the tube axis, but extend 
slightly inwardly toward the smaller diameter, all as is 
shown in the drawing. Compression of packing 37 not 
only ?lls the paraxial gap between the ribs, as shown in 
FIG. 6, but also forces the packing material into the‘ 
helical groove in the hose, so that gas and sound leaks, 
whether paraxial or helical, are ef?ciently sealed. The 
uniformity of application of the forces involved pro 
duces no non-circular distortion of the tubular mem 
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4 
bers, and has no tendency to cause any dimpling or 
indentation to interfere with later disassembly of the 
system for service. The radial normal forces acting with 
the static coefficient of friction is the mechanism which 
holds the tubes and clamps tight or restrains the tubes 
from pulling apart against the forces from internal gas 
pressure or external exhaust system movement forces. 
Finally the connection device is capable of being ap 
plied after the system was assembled, and did not have 
to be put over hose 36 before tube 35 was inserted. 

In FIG. 7 a pair of connectors 20 according to the 
invention are shown in use to connect an engine muffler 
40 between a ?rst tube 41 leading to the exhaust mani 
fold of the engine and a second tube 42 leading to the 
atmosphere. Muffler stub tube 40a is slotted and overlies 
connection tube 41, while connection tube 42 is slotted 
and overlies muffler stub tube 40a, as shown in FIGS. 7 
and 8, to permit it to be closed down tightly in a leak 
tight joint. These ?gures show how the circumferential 
force applied stresses the ductile band, drawing it 
tightly about both the larger and smaller tube except 
along the gap ?lled by packing 37. FIG. 8 shows even 
more clearly than FIG. 4 how the ribs are drawn out of 
parallel with the tube axes into an oblique relation there 
with. 
The tube 41 is shown in FIG. 7 to comprise an elbow, 

and the ?gure makes it clear that band 21 in drawing up 
is capable of adapting itself as at 39 to the curve in tube 
41. 

In FIG. 8 it is also evident that the apex of the dihe 
dral angle contacts the body of the smaller tube, at 43, 
and the end of the larger tube, at 44, but is out of contact 
at its top edge 45 and just below the end of the outer 
tube at 46. This can be remedied in part by the modi? - 
tion of the invention shown in FIG. 9. Here theedge of 
bar 47 is not rectilinear but is very shallowly V-shaped, 
the root of the V being at 48, at the bottom of the outer 
tube. 

Reference to FIG. 5 shows that the first embodiment 
of the invention, the ribs are not at all parallel, particu 
larly in the initial tightening stages. The bores are larger 
than the clamping means to allow this, but even then 
there is some possibility of catching of the U-bolt 
threads on the edges of the adjacent bar 26. To avoid 
this, the modi?cation of FIGS. 9, 10 and 11 has a pair of 
bosses 50 secured to bar 47, at the location of the bores, 
and are no larger than is required to comfortably pass 
and are no larger than is required to confortably pass 
the U-bolt legs. The bores in the other bar are oversized 
as before. This arrangement prevents cocking of the 
U-bolt in the bores, and facilitates smooth movement of 
the U-bolt in drawing the band around the tubular mem 
bers. ‘ 

Parenthetically it may be remarked that while for 
initial investigation the outer surfaces of the tubular 
members were lubricated before the connector was 
applied, experience has made it evident that with bands 
of appropriate ductility to lubrication whatever is nec 

FIGS. 12 and 13 show a bar structure alternative to 
that shown in FIG. 9 in correcting for the effect pointed 
out in connection with FIG. 8. Bars 52 are provided 
with slots 53, 54 between the bores, the slots extending 
quite deeply into the bars to permit the latter to deform 
under the action of the clamping means. As shown in 
FIG. 12, slot 53 has opened slightly, and slot 54 has closed 
slightly, under the clamping force, at the outer edge of 
the bar, allowing it to assume a slightly zigzag shape in 



Re. 30,042 
5 

which an appreciable portion of the dihedral angle 
contacts the larger tube, near 55, and another apprecia 
ble portion of the dihedral angle contacts the smaller 
tube near 56, leaving only a relatively small intermedi 
ate area 57 where there is bridging rather than direct 
contact. 
FIG. 13 more distinctly shows a further possible 

modi?cation. Here the ends 59 of the band 21 not only 
contact the faces of reinforcing bars 52, but in ‘fact go 
completely around them, being welded thereto both 
outwardly and inwardly at 60, 61 and 62, 63. 
A somewhat different embodiment is shown in FIGS. 

14 and 15. Here the ends 65 and band 21 are doubled 
back and welded to the band at 66 before being formed 
into dihedrals and being welded to bars 67 near their 
outer edges. Packing 37 is of course made a part of each 
of the various joints described. 
FIGS. 16-18 show one further embodiment of the 

invention. The structure here differs from FIG. 1 in that 
the apices 70 of the dihedral angles are not at right 
angles to the sides of band 21, but converge slightly. 
This gives the connection when formed a con?guration 
which departs slightly from the cylindrical even before 
the distorting circumferential forces are applied, so that 
the condition of FIG. 8 is more readily achieved with 
less differentially longitudinal stretching of the band. 
From the foregoing it will be evident that we have 

devised new and improved means for sealingly connect 
ing tubular elements, and that this means is character 
ized by a construction in which a surrounding band can 
be circumferentially stressed past its elastic limit to 
closely and securely conform to the con?gurations of 
tubular elements being joined even though they may be 
of different diameters by as much as 0.25 inches. 
Numerous characteristics and advantages of our in 

vention have been set forth in the foregoing description, 
together with details of the structure and function of the 
invention, and the novel features thereof are pointed out 
in the appended claims. The disclosure, however, is 
illustrative only, and changes may be made in detail 
especially in matters of shape, size and arrangement of 
parts, within the principle of the invention, to the full 
extent indicated by the broad general meaning of the 
terms in which the appended claims are expressed. 
What is claimed is: 
1. The method of joining two substantially incom 

pressible tubular members axially which comprises 
bending a flat band of ductile metal around the adjacent 
ends of the members in direct super?cial contact with 
said members and circumferentially stressing the band 
beyond its elastic limit to cause it to conform to the 
surfaces of the members throughout substantially their 
entire circumference the ductile metal band being such 
that it yields before the material of said member. 

2. The method of claim 1 in which the members are of 
slightly different diameters. 

3. The method of claim 2 in which one of the mem 
bers is telescopically received within the other. 

4. The method of claim 1 in which one of the tubular 
members is a ?exible metallic hose, and the circumfer 
ential forces are sufficient to perceptibly mold the band 
into the hose con?guration. 
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5. The method of claim 1 with the further step of 65 
retaining said band in a stressed condition past the elas 
tic limit of a metal. 

6. In combination: 

6 
a pair of substantially incompressible tubular mem-‘ 

bers of generally the same outside diameter to be 
joined in end to end relation; 

a band ductile metal initially of strip form having end 
portions and bent to circular shape whereby the 
end portions confront one another; said band sur 
rounding the joint between said members, the 
width of said band being generally the same as the 
diameters of said members, and a substantial por 
tion of the width of said band engaging each of said 
members in direct contact therewith; 

and means circumferentially stressing said band be 
yond its elastic limit, whereby to draw the band 
into intimate sealing engagement with the outer 
surfaces of said members, and maintaining said 
engagement when achieved, the ductile metal band 
being such that it yields before the material of said 
members. 

7. The structure of claim 6 in which the last named 
means includes a pair of reinforced ?at ribs integral in 
part with said band and forming dihedral angles there 
with, and clamping means mechanically drawing said 
ribs into mutual ?at contact in a plane containing the 
axes of said members, whereby to produce the circum 
ferential stress in said band, the length of said band 
between said ribs being less than the circumferences of 
said members, so that when the clamping means are 
tightened said band is stressed beyond its elastic limit 
and deforms into intimate super?cial engagement with 
the member. 

8. Apparatus according to claim 7 in which each of 
said ribs includes a bar secured to an end of said band 
and provided with bores adapted to be brought into 
alignment for receiving said clamping member. 

9. Apparatus according to claim 8 in which said bar 
and said band are joined by spot welding along a line 
between the dihedral angle and said bores. 

10. Apparatus according to claim 7 in which the 
apices of said dihedral angles are oblique with respect to 
the center line of said band. 

11. Apparatus according to claim 8 in which at least 
one of said bars includes transverse slots between said 
bores to permit deformation of said bar to accommodate 
tubular members of somewhat different diameters. 

12. Apparatus according to claim 9 in which at least 
one end of said band is doubled on itself prior to the 
formation of the dihedral angle, and in which the weld 
spots traverse both thicknesses of said band and extend 
along a line outside said bores. 

13. Apparatus according to claim 12 in which the end 
of said band after doubling is welded to the body of the 
band. 

14. Apparatus according to claim 8 in which one of 
said bars includes a pair of lateral extensions through 
which said bores pass to prevent cocking of said bar 
with respect to said clamping means, said bores in said 
one bar being of the same diameter as said clamping 
means, and said bores in the other bar being larger than 
said clamping means. 

15. Apparatus according to claim 8 in which at least 
one end of said band is wrapped around the associated 
bar for traversal by said clamp means, of both layers of 
said wrap, both of said layers being spot welded to the 
bar along a line between the dihedral angle and said 
bores. 

16. Apparatus according to claim 7 in which one of 
said tubular members is of somewhat larger diameter 
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than the other, and approximately one-third the width end portions being less than the circumference of said 
of said band overlies the larger of said members. first tube; and 

17. Apparatus for connecting and sealing telescoped clamping means extending through said bores for me 
exhaust tubes comprising, in combination,- chanically drawing said ribs into mutual ?at contact 
a pair of substantially incompressible exhaust tubes of 5 when tightened- lhe gauge and ductility ofsaid metal 

di?‘erent diameter telescopically joined in end-to-end being such that the hand is stressed cm‘umfereh?ally 
,elan'on; beyond its elastic limit, but not ruptured, without 

a band of ductile metal initially of strip form having end WW"? said. ?f'st_ '“be- and is fleform‘fd [m0 and 
portions and bent to circular shape whereby the ended mamm'f'ed "' '"f‘mate supe'?flal sealfhg engagef 
pom-ans confront one another. said band Surrounding l0 ment with both said tubes, as said clamping means is 
the telescoped joint between the tubes, with a substan- "ghtened‘ . . . . . . . _ 

tialpom-on ofthe width ofsaid band engaging each of 19. {in exhaust systetnjomt comprising, in combination. 
said tubes in direct contact therewith.‘ an "me, "{be‘ Zf {hmkness “fd’efl'f‘ collapsing :nder 

a pair of ?at reinforced ribs integral in part with said end is 2:558:22?!’ avmg an out“ e lame!” ofpre eter 
rtions, said ribs being rovided with bores ada ted ' - - . . . 

{:be brought mm aligmrfem’ the length ofsaid blind an outer tube coaxial therewith and having an inside 
_ _ _ , diameter of substantially said predetermined size, one 

heme" Smd "b3 bemg less than the “mum/‘arena of end of said outer tube surrounding an end of said 
the small" ofsaid tubes; and inner tube in telescoped relation; 

engagement when achieved, the ductile metal band 
being such that it yields before the material of said 
tubes. 

damping meal" extending thmhgh said bows’ mechahi‘ 20 a clamping band, for completing and maintaining a 
can)’ draw"! Said ribs in!" mutual?at coma“- ahd tight joint between said tubes by stress-deformation 
circumferential’? “Fe-“hi8 mid hhhd beyond '73 elastic about the juncture of said tubes, and having a central 
limit ‘0 defb'm said bahd in“? ihtima‘e WPel?f-‘ihl portion of width comparable to the diameter of said 
sealing engagement with both of said tubes as said tubes and?m and second end portions spaced apart 
clamping means are tightened, and to maintain said 25 along the band by a distance less than the circumfer 

ence of said inner tube; 
said band comprising a strip of stress-deformable stain 

less steel extending from end to end therefrom. for 
bending closely around the juncture of said tubes into 
a position in which said end portions extend generally 
radially outward in the same direction from said tubes 

18. Apparatus for producing and maintaining tight tele 
scoped joints in exhaust tubes comprising, in combination: 30 

a ?rst tube of thickness to resist collapsing under com 
pression and having an outside diameter of predeter 
mined size: 

a second tube having an inside diameter of substantially 

65 

in spaced generally parallel relation; 
each of said end portions having a ?at transversely rigid 

bar extending across and secured to an end of said 

said predetermined size, telescopically receiving one 35 5MP’ and a‘ lea-"Partially “wrapped lhe'ehlh spaced 
end ofsaid ?rst “we; bores extending perpendicularly through said bar and 

a band of ductile sheet metal of width comparable with 3MP’ the bores m the two end Porno“ bemg 
said predetermined size’ mid band including end similarly spaced and positioned so that they can be 
portions, and a center portion surrounding the jmw brought into alignment when_the strip is returned on 
ture between the telescoped tubes, with a substantial 40 “self to bm'g said end pomam mm sa'd generally 
Part ofthe width afthe band engaging the outer sup parallel relation. andaportion at one edge ofeach bar 

. . . . being cut away to facilitate drawing the portion of the 
face of each of said tubes in direct contact therewith, Sm. heme” Said end "ions into engagement with 
and with said end portions extending in generally the “i5 tubes: p0 
‘Mme, ‘?reman from and tubes m generally Parallel 45 and clamping means extending through said bores for 
rehamn" _ _ , mechanically drawing said end portions into mutual 

a Pig" of?af "bs ex'ef'dmimmmebf ofsa'd band a"?! ?at contact when tightened. the gauge and ductility of 
lhtegml 1" Pan with “'d end P‘_"f'0hs'_each _of ‘Nd said stainless steel being such that the band is stressed 
ribs ‘Including ‘1 "amve’sely "gld 'emfom'lg b4’ circumferentiallv beyond its elastic limit. but not 
secured to one ofsaid end Portions’ and of thickness 50 ruptured, and is deformed into and maintained in 
["88 with respect to that ofsaid hand, said ribs heihg intimate super?cial engagement with both said tubes, 

with bores adapted [0 b8 brought into align- as said clamping means is tightened_ 
ment when said end portions are in said generally 
parallel relation, the length of said band between said " * ' * ‘ 

55 

60 


