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FLEXIBLE HOSE AND METHOD FOR 
MANUFACTURING 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to ?exible 
hoses and methods for manufacturing such hoses. More 
particularly, the present invention relates to ?exible hoses 
for use in vehicular exhaust systems and methods for 
manufacturing such hoses. 

BACKGROUND OF THE INVENTION 

[0002] Strip Wound ?ex tube or hose has been in existence 
for over 100 years. Some common uses for strip Wound ?ex 
tube include ?exible electrical conduit, ?exible pneumatic 
hose and ?exible hose for use in truck exhaust systems. 
Throughout the speci?cation, the terms “hose” and “tube” 
Will be used interchangeably. 

[0003] Strip Wound ?ex hose is sometimes referred to as 
interlocked “S” hose. Typically, ?exible hose is made of a 
strip of metal having a generally “S” shaped cross section 
including a ?rst hook portion positioned opposite from a 
second hook portion. To form a hose body, the strip of metal 
is Wrapped in a helical pattern. As the strip of metal is 
Wrapped in the helical pattern, the ?rst and second hook 
portions of adjacent helical Wraps are interlocked to form 
pivotal interlock seams of the hose body. Typical metals 
used in manufacturing ?exible hose include galvaniZed 
steel, aluminiZed steel, and stainless steel. 

[0004] A ?exible hose segment used in a truck exhaust 
system is subjected to a very harsh, destructive environment. 
Hence, ?exible hoses in truck exhaust systems are more 
likely to fail sooner than ?exible hoses used in less harsh 
environments such as electrical or pneumatic applications. 
Common causes of ?exible hose failure in truck exhaust 
systems include: (1) heat; (2) vibration from the engine and 
truck; (3) displacement from frame tWists and engine motor 
mount ?exing; (4) corrosion and carbon contamination; and 
(5) Wear. 

[0005] Engine heat causes thermal expansion of the ?ex 
ible hosing incorporated Within an exhaust system. A neW 
piece of ?exible tubing has suf?cient ?exibility to inhibit 
thermal stresses on the exhaust system parts. Unfortunately, 
heat causes the ?exible tube to groW progressively more 
rigid With age. Consequently, older ?exible tubing is subject 
to breakage due to thermal expansion/contraction. 

[0006] Vibrations causing damage to ?exible hoses in 
vehicle exhaust systems are commonly caused by engine 
vibrations and pressure pulsations in the exhaust gas ?oW. 
Such vehicular vibrations cause slight relative movement 
betWeen the individual Wraps of the ?exible hose. The 
relative movement betWeen adjacent convolutions of the 
hose causes the convolutions to rub against one another and 
abrade the ?exible hosing. 

[0007] Displacement of exhaust system tubing is produced 
primarily When a vehicle is shifting gears, or When the 
vehicle frame is tWisted by impacts to the frame such as road 
bumps. TWisting of the vehicle frame produces bending 
moments on the exhaust system tubing and muf?er that can 
cause breakage. Changes in torque associated With shifting 
gears can also cause vehicle engines to displace in their 
mounts thereby causing exhaust tubing connected to the 
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engines to be displaced. NeW ?exible tubing can readily 
absorb the movement associated With frame tWist or engine 
torque motion. HoWever, such movement can cause break 
age of older, less ?exible tubes. 

[0008] Corrosion and carbon contamination also are 
responsible for ?exible tubing failure. Depending on the 
choice of metal, exterior corrosion of a piece of ?exible 
tubing is typically caused by rain, snoW, and road salt. As the 
outside of the ?exible tubing corrodes, the individual con 
volutions or Wrapped segments become rigid With respect to 
one another. Heat can also cause corrosion or scaling of the 
metal. Carbon produced by diesel engines, along With the 
products of combustion such as Weak acid, can further cause 
internal deterioration and in?exibility of ?exible tubing. 

[0009] The various factors mentioned above all contribute 
to ?exible tubing failure. Typically, Wear failure is caused by 
a combination of the above factors. For example, often a 
segment of ?exible tube becomes in?exible forcing all 
motion to be concentrated on one convolution of the ?exible 
tube segment. Frequently, the one convolution is located in 
the center of the segment. This, in turn, causes excessive 
motion and forces on the center of the segment Which cause 
the ?exible tubing to break at the center. Alternatively, a 
bending moment can be greatest at an end of a piece of 
tubing causing the tubing to break adjacent to the clamp. 

SUMMARY OF THE INVENTION 

[0010] One aspect of the present invention relates to a 
?exible hose, tube or conduit formed by a continuous strip 
having rounded lateral edges. The continuous strip is Wound 
in a helical pattern to form a cylindrical hose body. The strip 
has a generally S-shaped cross section including an inner 
hook portion and an outer hook portion. The strip is Wrapped 
helically such that the inner and outer hook portions of 
adjacent helical Wraps interlock. The rounded edges of the 
strip inhibit Wear of the ?exible hose, increase the ?exibility 
of the ?exible hose, and facilitate utiliZing roll forming 
techniques to manufacture the ?exible hose. 

[0011] Another aspect of the present invention relates to a 
method for making a ?exible hose. The method includes the 
steps of providing a coil of material, slitting the coil of 
material into strips having lateral edges, and conditioning or 
?nishing the lateral edges of at least one of the strips to 
remove burrs. The method also includes the step of shaping 
the strip such that the strip has a generally S-shaped cross 
section including ?rst and second oppositely disposed hook 
portions. The method further includes the step of Wrapping 
the strip in a helical pattern to form a cylindrical hose body, 
and interlocking the ?rst and second hook portions of 
adjacent helical Wraps as the strip is Wrapped into the helical 
pattern. 

[0012] A further aspect of the present invention relates to 
using a lubricant to inhibit Wear in a length of ?exible S-type 
tubing. 

[0013] Avariety of advantages of the invention Will be set 
forth in part in the description that folloWs, and in part Will 
be apparent from the description, or may be learned by 
practicing the invention. It is to be understood that both the 
foregoing general description and the folloWing detailed 
description are explanatory only and are not restrictive of the 
invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The accompanying drawings, Which are incorpo 
rated and constitute a part of this speci?cation, illustrate 
several aspects of the invention and together With the 
description, serve to explain the principles of the invention. 
A brief description of the draWings is as folloWs: 

[0015] FIG. 1 is a cross sectional vieW cut through a 
conventional strip used to manufacture ?exible hose; 

[0016] FIG. 2 is a cross sectional vieW of the strip of FIG. 
1 after having been formed into a precursor S-shaped cross 
section; 
[0017] FIG. 3 is a cross sectional vieW of the strip of FIG. 
1 after having been formed into a ?nal S-shaped cross 
section; 
[0018] FIG. 4 is a diagrammatic cut-aWay vieW taken 
along a length of prior art ?exible tubing; 

[0019] FIG. 5 is a schematic illustration of one embodi 
ment of a truck exhaust system constructed in accordance 
With the principles of the present invention; 

[0020] FIG. 6 is a diagrammatic cut-aWay vieW taken 
along a length of ?exible tubing constructed in accordance 
With the principles of the present invention; 

[0021] 
[0022] FIG. 8 is a ?oWchart shoWing one embodiment of 
a method in accordance With the principles of the present 
invention; 

FIG. 7 is an enlarged vieW of a portion of FIG. 6; 

[0023] FIG. 9A is a side vieW of a schematic skiving 
machine; 
[0024] FIG. 9B is a cross sectional vieW taken along 
section line 9B-9B of FIG. 9A; 

[0025] FIG. 10 is a cross sectional vieW through a strip 
having partially rounded edges; 

[0026] FIG. 11 is a cross sectional vieW through a strip 
having chamfered edges; 

[0027] FIG. 12 is a cross sectional vieW through a strip 
having square deburred edges; 

[0028] FIG. 13 is a bar graph illustrating comparative leak 
tests results; 

[0029] FIG. 14 is a graph illustrating comparative initial 
extension test results; 

[0030] FIG. 15 is a graph illustrating comparative exten 
sion test results after 250,000 cycles of vibration testing at 
20 hertZ and 1/2 inch displacement; 

[0031] FIG. 16 is a graph illustrating additional compara 
tive initial extension test results; and 

[0032] FIG. 17 is a graph illustrating additional compara 
tive extension test results after 250,000 cycles of vibration 
testing at 20 hertZ and 1/2 inch displacement. 

DETAILED DESCRIPTION 

[0033] Reference Will noW be made in detail to exemplary 
aspects of the present invention that are illustrated in the 
accompanying draWings. Wherever possible, the same ref 
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erence numbers Will be used throughout the draWings to 
refer to the same or like parts. 

[0034] In analyZing failed ?exible hose samples, it has 
been determined by the inventors that the manufacturing 
process conventionally employed to manufacture ?exible 
hose has been at least a partial cause of some hose failures. 
For example, as described in the Background of the Inven 
tion, ?exible hose is commonly made of a thin strip of metal 
that is sheared or slitted from a Wide coil of metal. The 
slitting or shearing process generates square sheared edges 
With a burr located on opposite sides of the strip Width. As 
Will be described in greater detail beloW, When the strip is 
formed into a neW piece of ?ex hose, the burrs formed on 
opposite sides of the strip initiate Wear of the ?ex hose. For 
example, it has been found that When a conventional strip of 
material is helically Wound by a ?ex tube making machine 
that uses a roll forming process, the burrs at the edges of the 
strip make contact With successive convolutions of the 
neWly formed ?ex hose thereby resisting the roll forming 
forces applied by the ?ex tube making machine. Addition 
ally, during use of the ?exible hose, vibrations and ?exing of 
the hose causes the burrs to aggressively engage adjacent 
convolutions or Wraps of the ?exible hose thereby causing 
abrasion and galling of the ?exible hose and eventual failure. 

[0035] FIG. 1 shoWs a strip of material 20 that has been 
cut or slit from a Wider coil of material. The strip 20 includes 
a pair of oppositely disposed sides 22 extending along the 
length of the strip 20. A Width W of the strip 20 extends 
betWeen the sides 22. Each of the sides 22 includes a pair of 
lateral edges 24. As shoWn in FIG. 1, the loWer most lateral 
edges 24 include burrs 26 formed during the slitting process. 
It Will be appreciated that the draWings are not to scale, and 
that in certain vieWs the burs 26 are exaggerated in siZe for 
the purpose of illustration. 

[0036] To manufacture a piece of ?exible hose from the 
strip 20, the Width W of the strip 20 is ?rst shaped into a 
precursor S-shaped cross section having ?rst and second 
precursor hook portions 28‘ and 30‘ as shoWn in FIG. 2. 
Next, the strip 20 is helically Wrapped While concurrently 
the ?rst and second precursor hook portions 28‘ and 30‘ of 
adjacent Wraps are interlocked and clenched together to 
form ?nal hook portions 28 and 30 shaped as shoWn in FIG. 
3. Typically, the Wrapping and interlocking of the strip 20 is 
performed through the use of a roll forming machine or other 
type of ?exible hose manufacturing machine that is conven 
tionally knoWn in the art. 

[0037] FIG. 4 illustrates a piece of prior art ?exible hose 
32 manufactured by helically Wrapping the strip 20. As 
shoWn in FIG. 4, the ?rst and second hook portions 28 and 
30 of adjacent or sequential helical Wraps 34 are interlocked 
to form a plurality of ?exible joints disposed along the 
length of the ?exible hose 32. When the strip 20 is helically 
Wrapped and interlocked, as shoWn in FIG. 4, the burrs 26 
located at the lateral edges of the strip 20 at least partially 
inhibit ?exation at the joints of the ?exible hose 32. For 
example, burrs 26 associated With the second hook portions 
30 project against or otherWise engage corresponding ?rst 
hook portions 28 interlocked With the second hook portions 
30. Similarly, burrs 26 associated With the ?rst hook portions 
28 project against or otherWise engage corresponding sec 
ond hook portions 30 that are interlocked With the ?rst hook 
portions 28. When the ?exible hose 32 is subjected to 
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vibrations or is ?exed, the burrs 26 abrade and gall adjacent 
helical Wraps 34 of the ?exible hose 32 thereby reducing the 
useful life of the hose 32. 

[0038] To overcome the above-identi?ed problems, the 
present invention teaches manufacturing a ?exible hose 
from a strip of material having lateral edges that have been 
conditioned to remove burrs. For example, the lateral edges 
can be skived, roller conditioned, burnished or otherWise 
deburred prior to helically Wrapping the strip 20 to form a 
piece of ?exible hose. In certain embodiments of the present 
invention, the lateral edges of the strip are conditioned by 
rounding the lateral edges. In one particular embodiment of 
the present invention, the edges are rounded to form gen 
erally 90° ?llets that provide a continuous 180° curvature at 
the sides of the strip. 

[0039] It Will be appreciated that ?exible hose or tubing in 
accordance With the principles of the present invention can 
be used for a variety of applications such as electrical 
conduit, and ?exible pneumatic hose. HoWever, ?exible 
hose constructed in accordance With the principles of the 
present invention is particularly suited for use in high 
vibration/?exation environments such as vehicular exhaust 
systems or other engine exhaust systems. More particularly, 
?exible hose constructed in accordance With the principles 
of the present invention is ideally adapted for use in exhaust 
systems for vehicles having diesel engines such as truck 
exhaust systems, construction equipment exhaust systems, 
and farm tractor exhaust systems. 

[0040] FIG. 5 illustrates a truck exhaust system 40 con 
structed in accordance With the principles of the present 
invention. Generally, the exhaust system 40 includes a motor 
such as a diesel engine 42 (shoWn schematically) or an 
internal combustion engine. Additionally, the exhaust sys 
tem 40 includes a muf?er 44 and an exhaust conduit 46 for 
conveying exhaust gases from the engine 42 to the muf?er 
44. Preferably, portions of the exhaust conduit 46 comprise 
relatively in?exible exhaust tubing 48, While at least a 
portion of the exhaust conduit 46 also includes a length of 
?exible hose 50. The ?exible hose 50 is adapted for absorb 
ing vibrations and displacements commonly associated With 
vehicular applications. 

[0041] The ?exible hose 50 includes inventive features for 
inhibiting Wear of the ?exible hose 50. As shoWn in the vieW 
of FIG. 6, the ?exible hose 50 includes a cylindrical hose 
body 52 that is formed by a continuous strip 54 that is Wound 
in a helical pattern. The strip 54 includes rounded lateral 
edges and has a generally S-shaped cross section. For 
example, the S-shaped cross section of the strip 54 includes 
an inner hook portion 56 and an outer hook portion 58. The 
strip 54 is helically Wrapped such that the inner and outer 
hook portions 56 and 58 of adjacent Wraps or convolutions 
interlock. 

[0042] The inner hook portion 56 of the strip 54 includes 
?rst and second opposing portions 60 and 62 interconnected 
by a curved portion 64. Similarly, the outer hook portion 58 
of the strip 54 includes ?rst and second opposing portions 66 
and 68 interconnected by a curved portion 70. As shoWn in 
the cross sectional vieW of FIG. 6, the ?rst and second 
opposing portions 60, 62 and 66, 68 are generally straight 
and substantially parallel. The second portion 62 of the inner 
hook portion 56 is connected to the second opposing portion 
68 of the outer hook portion 58 by a connecting member 72. 
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As shoWn in the cross sectional vieW of FIG. 6, the 
connecting portion 72 is generally straight and is obliquely 
aligned With respect to the second opposing portions 62 and 
68 of the inner and outer hook portions 56 and 58. 

[0043] Referring again to FIG. 6, the strip 54 is Wrapped 
in a plurality of helical turns or convolutions 74. The ?rst 
opposing portion 60 of each convolution is interleaved 
betWeen the ?rst and second opposing portions 66 and 68 of 
an adjacent convolution 74. Similarly, the ?rst opposing 
portion 66 of each convolution 74 is interleaved betWeen the 
?rst and second opposing portion 60 and 62 of an adjacent 
convolution 74. Such an interleaved con?guration is 
arranged and con?gured to provide a ?exible interlock 
betWeen each convolution 74 of the ?exible hose 50. 

[0044] As mentioned above, the edges of the strip 54 are 
rounded to inhibit Wear of the ?exible hose 50. As shoWn in 
the enlarged vieW of FIG. 7, each of the inner and outer 
hook portions 56 and 58 includes a distal end 76 having a 
pair of edges 78. The edges 78 have been rounded to form 
90° ?llets that cooperate to form a continuous 180° curva 
ture at each distal end 76. While it is preferred for the distal 
end 76 to have complete 180° curvatures, it Will be appre 
ciated that in certain embodiments the edges can be rounded 
so as to form ?llets or curvatures having less than 90°. 

[0045] To further inhibit Wear of the ?exible hose 50, a 
lubricant 79 can be applied to the edges 78 of the strip 54. 
For example, dry ?lm lubricant can be applied to the edges 
of the strip 54. In one particular embodiment, a high 
temperature lubricant including a dispersion of graphite and 
synthetic oil is used at the edges. One such lubricant is sold 
by DoW Corning under the designation C40. In other par 
ticular embodiments, a dry ?lm lubricant includes a disper 
sion of molybdenum disulfate (MoSz), graphite and a resin 
in solvent. Such a dry ?lm lubricant is available from DoW 
Corning under the designation 321. Preferred lubricants 
adapted for use With the hose 50 include high temperature 
lubricants capable of Withstanding temperatures greater than 
750° F. It Will be appreciated that lubricants can be used in 
combination With the edge conditioning techniques 
described above, or independently from such edge condi 
tioning techniques. 

[0046] The various aspects of the present invention pro 
vide numerous advantages. For example, by rounding the 
edges of a strip prior to roll forming the strip into a tube 
body, the roll forming forces required to helically Wrap the 
strip are reduced. Speci?cally, as compared to square edges 
having burrs, the rounded edges provide reduced resistance 
to the roll forming process. Also, in testing ?exible hose 
constructed in accordance With the principles of the present 
invention, it has been determined that by rounding or 
deburring the edges of the strip prior to manufacturing 
?exible hose, the resultant hose has increased ?exibility as 
compared to conventional ?exible hose, having uncondi 
tioned edges, Wrapped at the same tension. Consequently, 
?exible hose constructed in accordance With the principles 
of the present invention can be Wrapped at tighter tensions 
While maintaining the same ?exibility achieved by conven 
tional ?exible hose. By Wrapping the ?exible hose in tighter 
helical convolutions, it has been determined that leakage 
through the ?exible hose can be reduced. 

[0047] FIG. 8 illustrates an embodiment of a method in 
accordance With the principles of the present invention for 
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making ?exible hose such as the ?exible hose 50 depicted in 
FIGS. 5, 6 and 7. The method includes a step 100 of slitting 
a strip from a relatively Wide coil of material such as 
galvanized, aluminiZed, or stainless steel. The method also 
includes a step 102 of conditioning the edges of the strip by 
techniques such as skiving, rolling, burnishing or deburring. 
The method also includes a step 104 of lubricating the 
conditioned edges of the strip. Furthermore, the method 
includes a step 106 of shaping the strip such that the strip has 
a precursor generally S-shaped cross section. Finally, the 
method includes a step 108 of Wrapping the shaped strip in 
a helical pattern While concurrently interlocking and clench 
ing hook portions of adjacent helical Wraps so as to form a 
generally cylindrical, jointed hose body. 

[0048] A variety of conventional precision slitting 
machinery exists for conducting the slitting step 100 of the 
method shoWn in FIG. 8. For example, suitable slitting 
machinery can be acquired from Ruesch Machinery Com 
pany of KenilWorth, N.J. Typically, When a strip is formed 
by a slitting process, the strip Will have a cross section 
similar to the prior art strip 20 illustrated in FIG. 1. As 
shoWn in FIG. 1, a strip 20 has burrs 26 located at opposite 
lateral edges 24 of the strip 20. 

[0049] The edge conditioning step 102 preferably utiliZes 
a skiving or cutting process. Skiving involves using a 
skiving or cutting tool to remove unWanted material from 
the edges of the strip such that a desired edge shape is left 
behind. Typically, the cutting tool remains stationary and the 
material desired to be skived is moved along the cutting tool. 
Skiving is advantageous because it does not result in sub 
stantial thickening or Work hardening and therefore provides 
an accurate edge treatment. 

[0050] FIGS. 9A and 9B provide a schematic depiction of 
a skiving process for conditioning the edges of the strip 54 
shoWn in FIGS. 5, 6 and 7. As shoWn in FIGS. 9A and 9B, 
cutting tools 110 are positioned on opposite sides of the strip 
54. The cutting tools 110 include semicircular cutting blades 
112 adapted to cut the edges of the strip 54 such that 180° 
curvatures are provided on opposite sides of the strip 54. 
Preferably, the cutting blades 112 remain at a ?xed location 
While the strip 54 is translated past the blades 112 causing 
the edges to be conditioned. Also, at sloW speeds of the strip 
54, vibration of the cutting blades 112 can assist in the 
skiving process. 

[0051] One broad concept of the present invention teaches 
conditioning the edges of a strip of material used to form an 
S-type ?exible hose. Consequently, the present invention is 
not intended to be limited to skiving a 180° curvature at the 
sides of a particular strip. Instead, the present invention 
relates to making the edges of the strip less abrasive. For 
example, FIG. 10 shoWs an alternative strip 154 having 
edges 155 that are partially rounded. Similarly, FIG. 11 
illustrates another strip 254 having edges 255 that have been 
chamfered to make the edges less abrasive or harsh. Fur 
thermore, FIG. 12 illustrates another strip 354 having edges 
355 that have been squared deburred to make the edges less 
abrasive. 

[0052] While skiving is a preferred technique for condi 
tioning the edges of a strip intended for use in making a 
?exible hose, other techniques such as burnishing and roll 
ing can also be used. It Will be appreciated that machines 
suitable for skiving, burnishing or rolling the edges of a strip 
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are knoWn. For example, suitable machines can be acquired 
from Barnes Advanced Technology, Inc. of Buffalo, NY. 

[0053] The lubricating step 104 preferably involves the 
application of a high temperature lubricant to the edges of 
the strip. For example, prior to the shaping step 106, a 
lubricant can be sprayed, brushed, rolled or otherWise 
applied to the edges of the strip. Preferably, the lubricant is 
applied While the strip is in a coiled con?guration. Alterna 
tively, lubricant can be applied to the strip by spraying or 
dripping the lubricant onto the edges of the strip before 
adjacent convolutions of the strip are “S” formed together 
and interlocked. Furthermore, lubricant can also be applied 
to the strip after the Wrapping step 108 by pouring or 
draining the lubricant through the manufactured hose and 
alloWing it to seep betWeen the joints of the hose thereby 
coating the edges of the strip. 

[0054] Avariety of materials can be used to lubricate the 
edges of the strip. For example, preferred lubricants include 
graphite as a lubricating agent. In certain embodiments, a 
dry ?lm lubricant such as a dispersion of MoS2, graphite and 
resin in solvent are utiliZed. For certain other embodiments, 
lubricants including a dispersion of graphite and synthetic 
oil can be used. It is preferred for the lubricants to be high 
temperature lubricants adapted to remain stable at tempera 
tures exceeding 750° F. and that include a solid lubricating 
substance such as graphite or MoS2. 

[0055] The shaping step 106 of the method of FIG. 8 
involves shaping the strip such that the strip has a precursor 
S-shaped cross section. Preferably, the shaping step 106 
involves shaping the strip through the use of a roll forming 
process. The shaping step 106 also preferably involves 
clenching the strip from the precursor S-shaped cross section 
to the ?nal S-shaped cross section (shoWn in FIGS. 6 and 
7) during the helical Wrapping step 108. Consequently, there 
is preferably some overlap in sequence betWeen the shaping 
and helical Wrapping steps 106 and 108. 

[0056] With respect to the strip 54 of FIGS. 5, 6 and 7, 
during the helical Wrapping step 108, the strip 54 is helically 
Wrapped While concurrently the inner and outer hook por 
tions 56 and 58 of adjacent Wraps are interlocked. For 
example, as the strip 54 is helically Wrapped, the ?rst portion 
60 of the inner hook portion 56 is inserted betWeen the ?rst 
and second portions 66 and 68 of the outer hook portion 58. 
Similarly, the ?rst portion 66 of the outer hook portion 58 is 
inserted betWeen the ?rst and second portions 60 and 62 of 
the inner hook portion 56 While the strip 54 is helically 
Wrapped. Once the inner and outer hook portions 56 and 58 
are interlocked as described above, the ?rst and second 
opposing portions 60, 62 and 66, 68 are clenched or com 
pressed from a precursor S-shaped con?guration to the ?nal 
S-shaped con?guration as shoWn in FIGS. 5, 6 and 7. The 
precursor S-shaped con?guration facilitates interlocking the 
hook portions 56 and 58. The ?nal S-shaped con?guration 
provides a tight joint betWeen adjacent convolutions. 

[0057] It Will be appreciated that ?exible hose manufac 
turing machines capable of shaping a strip into an precursor 
S-shaped cross section, and then helically Wrapping and 
interlocking the strip, are knoWn in the art. For example, 
suitable machines for forming ?ex pipe from strips of metal 
are sold by Flexible Pipe by Detlor LTD of Mississagua, 
Canada. One particular machine sold by Flexible Pipe by 
Detlor LTD has model number PD-100. 



US 2001/0015233 A1 

[0058] Flexible hoses constructed in accordance With the 
principles of the present invention preferably have initial 
leak rates of less than 1.5 cu. ft./min. at 4.5 lbs./in2 internal 
air pressure and initial extensions greater than 20% from 
fully compressed. 

[0059] FIGS. 13-17 illustrate test results comparing a 
sample of ?exible hose constructed in accordance With the 
principles of the present invention With several samples of 
conventional ?exible hose. In conducting the vibration 
cycles, each sample Was mounted horiZontal With one end 
?xed and one end vertically displaced 1A1 inch above and 
beloW horiZontal. The frequency of vertical displacement 
Was 20 HertZ (20 times per second. Each sample had a 5 inch 
inner diameter; and a 15 inch length at 50% extension from 
fully compressed to fully extended. 

[0060] In FIGS. 13-15, reference number 80 has been 
assigned to all data generated With respect to ?ex hose 
provided from supplier X that has been edge conditioned as 
shoWn in FIGS. 6 and 7. Also, reference number 82 has 
been assigned to all data generated With respect to standard 
?ex hose provided from supplier X that has not been edge 
conditioned. Further, reference number 84 has been assigned 
to all data generated With respect to standard ?ex hose 
provided from supplier Y that has not been edge condi 
tioned. Moreover, reference number 86 has been assigned to 
all data generated With respect to polygonal ?ex hose 
provided from supplier Z that has not been edge conditioned. 

[0061] FIG. 13 illustrates the results of a leak test con 
ducted on the samples identi?ed above. For each of the 
samples, the left column represents initial testing of the 
samples, While the right column represents testing after 
250,000 cycles. Referring to FIG. 13, a comparison of the 
data 80, 82, 84 and 86 demonstrates that the ?exible hose 
constructed in accordance With the principle of the present 
invention had reduced leakage as compared to the prior art 
hose samples. 

[0062] FIG. 14 illustrates initial pull test results relating to 
the samples identi?ed above. Referring to FIG. 14, a 
comparison of the data 80, 82, 84 and 86 demonstrates that 
the sample of hose constructed in accordance With the 
principles of the present invention extended farther than the 
other test samples. 

[0063] FIG. 15 is a graph illustrating pull test results 
conducted on the samples identi?ed above after 250,000 
cycles. Referring to FIG. 15, a comparison of the data 80, 
82, 84 and 86 demonstrates that the sample representative of 
a ?exible hose constructed in accordance With the principles 
of the present invention achieve greater extension than the 
other sample hoses. 

[0064] In FIGS. 16 and 17, reference number 88 has been 
assigned to all data generated With respect to relatively 
tightly Wound ?ex hose provided from supplier X that has 
been edge conditioned as shoWn in FIGS. 6 and 7. Also, 
reference number 90 has been assigned to all data generated 
With respect to relatively loosely Wound ?ex hose provided 
from supplier X that has been edge conditioned as shoWn in 
FIGS. 6 and 7. Further, reference number 92 has been 
assigned to all data generated With respect to standard ?ex 
hose provided from supplier Y that has not been edge 
conditioned. Moreover, reference number 94 has been 
assigned to all data generated With respect to relatively 
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loosely Wound ?ex hose provided from supplier X that has 
been edge conditioned as shoWn in FIGS. 6 and 7, and 
lubricated With synthetic oil. 

[0065] FIG. 16 illustrates initial pull test results relating to 
the samples identi?ed above, While FIG. 17 illustrates pull 
test results conducted on the samples identi?ed above after 
1,000,000 cycles. 
[0066] With regard to the foregoing description, it is to be 
understood that changes may be made in detail, especially in 
matters in the construction materials employed and the 
shape, siZe, and arrangement of the parts Without departing 
from the scope of the present invention. It is intended that 
the speci?cation and depicted aspects be considered illus 
trative only With a true scope and spirit of the invention 
being indicated by the broad meaning of the folloWing 
claims. 

We claim: 
1. A ?exible hose comprising: 

a continuous metal strip having rounded lateral edges, the 
strip being Wound in a helical pattern to form a cylin 
drical hose body, the strip having a generally S-shaped 
cross section including an inner hook portion and an 
outer hook portion, and the strip being Wrapped heli 
cally such that the inner and outer hook portions of 
adjacent Wraps interlock. 

2. The ?exible hose of claim 1, Wherein the lateral edges 
of the continuous strip are rounded to generally form a 180° 
curvature along lateral sides of the strip. 

3. The ?exible hose of claim 1, further comprising a 
lubricant disposed on the lateral edges of the strip. 

4. The ?exible hose of claim 3, Wherein the lubricant is a 
dry ?lm lubricant. 

5. The ?exible hose of claim 3, Wherein the lubricant 
includes graphite. 

6. The ?exible hose of claim 3, Wherein the lubricant is a 
high temperature lubricant that remains stable at tempera 
tures that exceed 7500 F. 

7. The ?exible hose of claim 3, Wherein the lubricant 
includes MoS2 

8. A vehicle exhaust system comprising: 

an engine; 

a muf?er; 

an exhaust conduit for conveying exhaust gas from the 
engine to the muf?er, at least a portion of the exhaust 
conduit including a ?exible hose comprising a continu 
ous strip having rounded lateral edges, the continuous 
strip being Wound in a helical pattern to form a cylin 
drical body, the strip having a generally S-shaped cross 
section including an inner hook portion and an outer 
hook portion, and the strip being Wrapped helically 
such that the inner and outer hook portions of adjacent 
Wraps interlock. 

9. The vehicle exhaust system of claim 8, Wherein the 
lateral edges of the strip are rounded to generally form 180° 
curvatures along lateral sides of the strip. 

10. The vehicle exhaust system of claim 8, Wherein the 
lateral edges of the strip are lubricated. 

11. A method for making a ?exible hose comprising: 

providing a coil of material; 

slitting the coil of material into strips having lateral edges; 




