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(57) A V-shaped metal strip has a U-shaped bottom
having U-shaped inside and outside surfaces. Only the
U-shaped inside surface is formed with a plurality of fold
lines extending in a longitudinal direction of the strip and

reducing the influence of springback. The fold lines may
be arranged in a manner of bilateral symmetry with re-
spect to an imaginary median plane bisecting the V-
shaped cross section of the metal strip.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a formed strip
such as a roll formed strip, and a roll forming method or
system.
[0002] In particular, the present invention relates to a
stage for forming tubes in a production system for pro-
ducing heat exchangers for air conditioners, including
stages for producing header pipes by press working to
form a flat sheet or plate to a cylindrical shape, for pro-
ducing U-shaped holders by roll forming from a metal
strip, for inserting, in each holder, an inner fin formed by
press forming or roll forming, for forming tubes, such as
heat exchanger tubes, from each holder, for forming cor-
rugated outer fins by a corrugate cutter, and for assem-
bling heat exchanger tubes, outer fins, and header
pipes.
[0003] Tubes for conveying a fluid such as refrigerant
is widely used in heat exchange devices such as a con-
denser of a refrigeration cycle for a motor vehicle, an
evaporator and a radiator. In one production method, a
refrigerant tube is formed by bending a flat metal strip.

SUMMARY OF THE INVENTION

[0004] When a metal tube is formed by applying pres-
sure from both sides on a V-shaped metal strip until a
V-shaped cross section is converted into a closed elon-
gate cross section, the closure and joining of both edges
of the open V-shaped cross section into the closed cross
section is not easy because of undesired springback
due to compressive stresses on the inner side of the
curved portion of the metal strip and tensile stresses on
the outer side. Moreover, springback tends to degrade
the accuracy of the U-shaped or V-shaped cross section
formed by bending operation.
[0005] It is therefore an object of the present invention
to provide a formed strip which can be made securely
into a tube with no or little influence of springback.
[0006] It is another object of the present invention to
provide a bending method or system which can bend a
strip accurately with no or little influence of springback
[0007] It is still another object of the present invention
to provide a method or system for forming flanged strips
of different sizes in a manner reducing the production
cost.
[0008] According to a first aspect of the present inven-
tion, a V-shaped metal strip having a V-shaped cross
section for forming a metal tube having an closed elon-
gated cross section comprises a U-shaped portion hav-
ing a U-shaped curved inside surface and a U-shaped
curved outside surface. Only the inside curved surface
is formed with a plurality of fold lines extending in a lon-
gitudinal direction of the V-shaped metal strip.
[0009] According to a second aspect of the present
invention, a bending method of bending a metal strip

from a flat shape into a folded shape having an approx-
imately U-shaped cross section comprises a preceding
bending step and a following bending step.
[0010] The preceding bending step is for compressing
the metal strip between a wider concave roll having a
circumferential rim formed with a wider V-shaped
groove defined by left and right sloping surfaces forming
a wider spread angle and a wider convex roll having a
circumferential rim formed with a wider ridge projecting
toward a middle of the V-shaped groove between the
left and right sloping surfaces and having a left edge for
pressing the metal strip at a left preceding pressing point
against the left sloping surface and a right edge for
pressing the metal strip at a right preceding pressing
point against the right sloping surface.
[0011] The following bending step is for compressing
the metal strip between a narrower concave roll having
a circumferential rim formed with a narrower V-shaped
groove defined by left and right sloping surfaces forming
a narrower spread angle smaller than the wider spread
angle of the preceding bending step and a narrower con-
vex roll having a circumferential rim formed with a nar-
rower ridge projecting toward a middle of the narrower
V-shaped groove between the left and right sloping sur-
faces and having a left edge for pressing the metal strip
at a right following pressing point against the left sloping
surface and a right edge for pressing the metal strip at
a left following pressing point against the right sloping
surface, the left and right following pressing points being
located between the left and right preceding pressing
points.
[0012] A forming or bending method for forming a fold-
ed metal strip according to the second aspect of the in-
vention may comprise a sequence of bending steps,
each for applying two parallel pushing forces on a metal
strip at two application points toward a V-shaped groove
forming an angle. The distance between the two appli-
cation points and the angle of the V-shaped groove are
decreased step by step in the sequence of the bending
steps.
[0013] According to a third aspect of the present in-
vention, a roll forming system comprises first and sec-
ond roll.
[0014] The first roll includes a main roll section having
a main roll surface for pressing a main strip section of a
strip and a side roll section raised from main roll surface
of the first roll and having a side roll surface for forming
a flange in the strip.
[0015] The second roll includes a main roll section
having a main roll surface for compressing the main strip
section of the strip between the main roll surfaces of the
first and second rolls, a side roll section depressed be-
low the main roll surface of the second roll and having
a first side roll surface for forming the flange in the strip
with the side roll surface of the first roll when the first roll
has the side roll section at a first axial location confront-
ing the first side roll surface of the side roll section of the
second roll, and an annular groove formed axially be-
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tween the main roll section of the second roll and the
side roll section of the second roll, for forming the flange
in the strip with the side roll surface of the first roll when
the first roll has the side roll section at a second location
for fitting in the annular groove of the second roll.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Fig. 1 is an enlarged sectional view showing a
part of a formed metal strip according to a first aspect
of the present invention.
[0017] Figs. 2A , 2D are views for illustrating a se-
quence of steps for producing a tube from the formed
metal strip of Fig. 1.
[0018] Figs. 3 , 9 are sectional views showing seven
forming roll sets used in one production method for pro-
ducing the formed metal strip shown in Fig. 1.
[0019] Fig. 10 is a schematic view showing one half
of a metal strip bent step by step by the roll pairs shown
in Figs. 3 , 9.
[0020] Fig. 11 is a sectional view showing a metal strip
having fold lines produced by the roll pairs shown in
Figs. 3 , 9.
[0021] Fig. 12 is a front elevation of a roll set of a com-
mon roll 104 and a first selected roll 102 for forming
flanges in a strip according to one method according to
the present invention.
[0022] Fig. 13 is an enlarged view showing a part of
the roll set of Fig. 12.
[0023] Fig. 14 is an enlarge view showing a roll set of
the common roll 104 and a second selected roll 102'.
[0024] Fig. 15 is an enlarge view showing a roll set of
the common roll 104 and a third selected roll 102".
[0025] Figs. 16A, 16B and 16C are views for showing
flanged strips formed, respectively, by the roll sets of
Figs. 13, 14 and 15.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Fig. 1 shows a formed or folded metal strip 1
for serving as a material for forming a metal tube having
an elongated cross section according to the present in-
vention. The metal strip 1 is made of metallic material,
such as aluminum or aluminum alloy, light in weight and
superior in heat conductivity.
[0027] The formed metal strip 1 shown in Fig. 1 has
a V-shaped cross section extending in a widthwise di-
rection from an open lateral end 2 to a closed lateral end
6 as shown in Fig. 2A. In this example, the formed metal
strip 1 has first and second (or left and right) flanges 3
terminating, respectively, at first and second (or left and
right) edges 31 of the formed metal strip 1. In the state
of Fig. 2A, the first and second flanges 3 are separated
from each other and define a gap of the open end 2 ex-
tending in a longitudinal direction from a first longitudinal
end of the formed strip 1 to a second longitudinal end.
[0028] The folded metal strip 1 has first and second
(or left and right) side portions or side walls 34 and a U-

shaped curved portion 4 connecting the first and second
side portions 34 to form the V-shaped cross section. In
this example, the first and second side portions 34 are
substantially flat, and diverge, respectively, from first
and second ends of the U-shaped portion 4 so as to form
a V shape in cross section.
[0029] The U-shaped curved portion 4 has an outside
U-shaped surface 4a and an inside U-shaped surface
4b. Only the inside U-shaped surface 4b is formed with
a plurality of fold lines P which extend in the longitudinal
direction of the metal strip 1 and which are arranged in
a circumferential direction of the U-shaped inside sur-
face 4b. The inside surface 4b is bent along each of the
fold lines P. Along each fold line P, two surface regions
meet and form an angle such as an obtuse angle.
[0030] The fold lines P are located away from an im-
aginary median plane O bisecting the V-shaped cross
section of the V-shaped metal strip 1. In Fig. 1, the im-
aginary median plane appears as a center line O. More-
over, in the example of Fig. 1, there are formed three
pairs of fold lines. The first pair consists of left and right
(or first and second) outer fold lines P1 which are ar-
ranged substantially in a manner of bilateral symmetry
with respect to the median plane O. The second pair
consists of left and right (first and second) intermediate
fold lines P2 arranged symmetrically in the manner of
bilateral symmetry with respect to the median plane O .
The third pair consists of left and right (or first and sec-
ond) inner fold lines P3 arranged symmetrically in the
manner of bilateral symmetry with respect to the median
plane O. The distance between the left and right outer
fold lines P1 is greater than the distance between the
left and right intermediate fold lines P2. The height (or
distance) of the outer fold lines P1 from the bottom end
6 of the formed metal strip 1 is greater than the height
(or distance) of the intermediate fold lines P2. The dis-
tance between the left and right inner fold lines P3 is
smaller than the distance between the left and right in-
termediate fold lines P2. The height (or distance) of the
inner fold lines P3 from the bottom end 6 of the formed
metal strip 1 is smaller than the height (or distance) of
the intermediate fold lines P2.
[0031] The formed metal strip 1 can be formed into
the V shape by roll forming or extrusion. In the case of
roll forming, a metal strip is bent progressively by a se-
quence of a first step for bending the strip along each of
the outer fold lines P1, a second step of further bending
the strip along each of the intermediate fold lines P2 and
a third step of further bending the strip along the inner
fold lines P3. In the case of extrusion, the cross sectional
shape of Fig. 1 is obtained by setting the shape of a die.
[0032] The formed metal strip 1 can be used as a ma-
terial for forming a metal tube T for conveying a fluid
such as a refrigerant for a heat transfer device such as
a condenser. In this case, the metal tube T can be
formed as shown in Figs. 2A , 2D. First, the formed
metal strip 1 and an inner fin 5 are prepared as shown
in Fig. 2A. Second, the inner fin 5 is inserted into the
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formed metal strip 1 from the gap at the open end 2 of
the formed metal strip 1. The inner fin 5 of this example
is a corrugated strip of the same material as the metal
strip 1 and extending in a widthwise direction from a first
lateral end to a second lateral end. In the inserted state,
one lateral end reaches the bottom of the V-shaped in-
side cavity of the formed metal strip 1. Third, the V-
shaped metal strip 1 is deformed with a press forming
machine (not shown) by applying a predetermined pres-
sure F from both sides in the thickness direction of the
formed strip into a closed cross sectional shape, as
shown in Fig. 2. In this closed state, the left and right
edges 3 of the formed metal strip 1 are brought into con-
tact with each other, and the left and right flanges 31 are
superposed together. Then, the superposed flanges 31
are compressed tightly and joined together by staking
or caulking, for example. The inner fin 5 is fixedly con-
fined in the closed metal tube T, as shown in Fig. 2D.
[0033] In the operation with the press forming ma-
chine for further bending the formed metal strip 1 having
the V-shaped cross section into the shape having the
closed elongate cross section by applying pressure from
both sides as shown in Fig. 2C, each of the fold lines P
serves as an axis of bending, and promotes bending de-
formation of the metal strip 1. Moreover, internal stress-
es in the U-shaped portion 4 are distributed among the
fold lines P, so that the fold lines P function to reduce
springback. The reduction of springback facilitates the
conversion of the metal strip from the V-shaped cross
section to a desired closed elongate cross section, and
further facilitates the operation of fixing the flanges 3 to-
gether by brazing or welding, for example, in the later
finishing step.
[0034] The fold lines P are formed only in the inside
U-shaped surface 4b, and the outside U-shaped surface
4a remains in the form of a smooth curved surface.
Therefore, the outside of the U-shaped portion 4 of the
metal tube T has a good appearance free of irregulari-
ties and flaws.
[0035] In the example of Fig. 1, the fold lines P1, P2
and P3 are arranged symmetrically on both sides of the
imaginary median plane O. The symmetrical arrange-
ment helps prevent stress concentration at the median
plane, and prevents bending deformation along the me-
dian plane which could cause a crack. Moreover, the
symmetrical arrangement of the fold lines P promotes
symmetrical folding of the metal strip and secures the
desirable shape free from crush, and shape errors.
[0036] The formed metal strip 1 can be used as a ma-
terial for forming a refrigerant tube having an inner fin
for a condenser as mentioned before, and as a material
for forming a refrigerant tube for an evaporator and a
radiator with the same effects.
[0037] Figs. 3 , 9 shows 7 roll forming machines (or
mills) 11 each having a roll set or roll pair, used in a pro-
duction process according to the present invention for
producing a formed metal strip as shown in Fig. 1. The
production process of this example includes a sequence

of seven roll bending steps or passes. Fig. 3 shows a
first forming roll set 11a for the first bending step or pass.
Fig. 4 shows a second forming roll set 11b for the second
bending step or pass. Similarly, Figs. 5, 6, 7, 8 and 9
show, respectively, third, fourth, fifth, sixth and seventh
forming roll sets 11c, 11d, 11e, 11f and 11g for the third,
fourth, fifth, sixth and seventh bending steps.
[0038] Each roll set 11(11a , 11g) includes a concave
roll 12(12a , 12g) with a circumferential rim formed with
a V-shaped groove 13(13a , 13g), and a convex roll 15
(15a , 15g) with a circumferential rim formed with a
ridge 16(16a , 16g) projecting radially toward the deep-
est middle of the V-shaped groove of the mating con-
cave roll. In the example shown in Figs. 3 , 9, each roll
has a shape of bilateral symmetry. An imaginary median
plane divides the concave and convex rolls of each pair
into left and right equal halves.
[0039] Each of the V-shaped grooves 13a , 13g of
the concave rolls 12a , 12g has first and second (left
and right) sloping surfaces 14(14a , 14g) defining a
spread angle θ (θa , θg) of the V-shaped groove as
shown in Figs. 3 , 9. In this example, each sloping sur-
face is a conical surface and appears as a straight line
segment in the sectional views of Figs. 1 , 9. The
spread angle is decreased gradually step by step in the
order of the seven bending steps of the sequence. The
spread angle θb of the second bending step shown in
Fig. 4 is smaller than the spread angle θa of the first
bending step of Fig. 3. The spread angle θc of the third
bending step shown in Fig. 5 is smaller than the spread
angle θb of the second bending step of Fig. 4. Thus,
θa>θb>θc>θd>θe>θf>θg.
[0040] Each of the ridges 16a , 16g of the convex
rolls 15a , 15g has first and second (left and right) edg-
es 17(17a , 17g) confronting the first and second (left
and right) sloping surfaces of the mating concave roll.
In this example, the ridge 16 of each convex roll is in the
form of a flange defined between first and second (left
and right) flat surfaces extending radially. The first edge
is formed between the first flat surface and a circumfer-
ential surface of the flange, and the second edge is
formed between the second flat surface and the circum-
ferential surface of the flange. The width of the ridge 16
measured along the axial direction defines an axial
width of pressure application. The width of the ridge 16
is decreased gradually step by step in the order of the
seven bending steps of the sequence. The width Lb of
the second bending step shown in Fig. 4 is smaller than
the width La of the first bending step of Fig. 3. The width
Lc of the third bending step shown in Fig. 5 is smaller
than the width Lb of the second bending step of Fig. 4.
Thus, La>Lb>Lc>Ld>Le>Lf>Lg.
[0041] A strip 20 is passed through the seven roll set
11a , 11g successively, and thereby bent step by step
from a flat form to a U-shaped form as shown in Fig. 10.
In this example, the strip has flanges formed by the later-
mentioned method shown in Figs. 12 , 16C.
[0042] As shown in Fig. 11, the inside U-shaped sur-
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face of the strip 20 bent by the sequence of the bending
steps has a first pair of fold lines Pa formed by the left
and right edges 17a of the first convex roll 15a shown
in Fig. 3. On each of the left and right side of the median
plane, the left or right edge 17a applies a pressing force
on the strip 20 at an application point, and forms the fold
line Pa extending, at that application point, in the longi-
tudinal direction of the strip 20. The inside surface is
folded along the fold line Pa. The left and right edges
17b of the second convex roll 15b form a second pair of
fold lines Pb located between the first pair of the fold
lines Pa. Similarly, the left and right edges of the subse-
quent bending step form a subsequent fold lines Pc ,
Pg (Pn). In Fig. 11, the shape of the formed strip 20 is
simplified.
[0043] The fold lines formed by a subsequent bending
step which is any of the second through last bending
steps are located between the fold lines formed by a pre-
ceding bending step which is one of the first through
sixth (penultimate) bending step and which is prior to
the subsequent bending step in the sequence. Each fold
line appears as the vertex of an obtuse angle in Fig. 10.
[0044] Bending deformation is produced along each
fold line, and internal stresses are distributed widely
among the fold lines. Therefore, this production process
can reduce the possibility of springback and improve the
accuracy of forming.
[0045] The outside U-shaped surface of the strip are
formed by the smooth sloping surfaces 14a , 14g of the
concave rolls 12a , 12g. Therefore, the outside U-
shaped surface is free of fold lines and other irregulari-
ties.
[0046] In the illustrated example, the number of the
bending steps is seven. However, the invention is not
limited to this. It is possible to decrease or increase the
number of the bending steps.
[0047] Fig. 12 shows a roll forming machine or roll set
for forming one or more flanges in a strip, such as the
flanges 3 of the metal strip 1 shown in Fig. 2A.
[0048] The flanging roll set shown in Fig. 12 includes
a first roll (selective roll) 102 and a second roll (or com-
mon roll) 104.
[0049] The first roll 102 includes a center main roll
section 102a having a center main roll surface for form-
ing a flat center main section 111a in a strip 111 as shown
in Fig. 16A. The first roll 102 further includes left and
right side roll sections 102b each having a side roll sur-
face for forming a flat flange 111b as shown in Fig. 16A.
The center main roll section 102a is bounded axially be-
tween the left and right side roll sections 102b. The di-
ameter of each side roll section 102b is greater than the
diameter of the center main section 102a. Each flange
111b is raised from the main strip section 111a, and there
is formed a step between the main section 111a and the
flange 111b. The first roll 2 further includes left and right
roll flanges 103 each abutting and sliding on the adja-
cent end surface of the second roll 104. The second roll
4 is always held in a correct position relative to the first

roll 2 along the axial direction by being confined between
the left and right roll flanges 103 of the first roll 2.
[0050] The second roll 104 includes a center main roll
section 104a for compressing the center main section
111a of the strip 111 with the center main roll section
102a of the first roll 102, and left and right side roll sec-
tions 104b each having a side roll surface for forming
one of the flanges 111b of the strip 111. Each side roll
surface is depressed below the center main surface.
The diameter of each side roll section 104b is smaller
than the diameter of the center main roll section 104a.
The center main roll section 104a is located axially be-
tween the left and right side roll sections 104b.
[0051] The second roll 104 further includes a left and
right pair of first annular grooves 104c and a left and
right pair of second annular grooves 104d. On each of
the left and right sides, the first and second annular
grooves 104c and 104d are located axially between the
center main section 104a and the side roll section 104b.
The first annular groove 104c is located axially between
the second annular groove 104d and the side roll section
104b, and the second annular groove 104d is located
axially between the center main roll section 104a and
the first annular groove 104c. Between the first annular
groove 104c and the side roll section 104b, there is
formed a first annular projection (or land) 104m. Be-
tween the first and second annular grooves 104c and
104d, there is formed a second annular projection (or
land) 104n.
[0052] The left and right first annular grooves 104c are
designed to form left and right flat flanges 111b' in a strip
111' shown in Fig. 16B. Each of the left and right first
annular grooves 104c has predetermined axial position,
width and depth corresponding to the position, axial
width and the height of the flanges 111'. The left and
right second annular grooves 104d are designed to form
left and right flat flanges 111b" in a strip 111" shown in
Fig. 16B. Each of the left and right second annular
grooves 104d has predetermined axial position, width
and radial depth corresponding to the position, axial
width and the height of the flanges 111" shown in Fig.
16C.
[0053] When the roll forming operation is performed
with the first roll 2 and the second roll 4 as shown in Fig.
13, a flanged strip 111 of a wide width is formed, as
shown in Fig. 16A, from a flat strip 110 such as a flat
metal strip. The center main strip section 111a is com-
pressed between the center main roll surfaces 102a and
104a of the first and second rolls 102 and 104. The left
or right flange 111b of the flanged strip 111 on each of
the left and right sides is formed by compression be-
tween the side roll surfaces 102b and 104b of the first
and second rolls 102 and 104.
[0054] When the roll forming operation is performed
with the second roll 4 and a first roll 102' as shown in
Fig. 14, a flanged strip 111' of a medium width is formed,
as shown in Fig. 16B, from a flat strip 110'. The center
main strip section 111a' is compressed between the
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center main roll surfaces 102a' and 104a of the first and
second rolls 102' and 104. Unlike the first roll 102 shown
in Fig. 13, the first roll 102' of Fig. 14 has left and right
annular projections 102b' each having a side roll sur-
face. The left and right annular projections 102b' are cor-
rectly fit in the left and right first annular grooves 104c
of the second roll 104, respectively, with a predeter-
mined clearance. The left or right flange 111b' of the
flanged strip 111' on each of the left and right sides is
formed between the left or right first annular groove 104c
of the second roll 104 and the side roll surface of the
annular projection 102b' of the first roll 102' fit in the first
annular groove 104c. The width of the flanged strip 111'
shown in Fig. 16B is smaller than that of the flanged strip
111 shown in Fig. 15A. Moreover, the width of the center
main section 111a of the flanged strip 111' shown in Fig.
16B is smaller than that of the flanged strip 111 shown
in Fig. 16A. In this example, the width of the left or right
flange 111b' of the flanged strip 111' shown in Fig. 16B
is smaller than that of the flanged strip 111 shown in Fig.
16A.
[0055] When the roll forming operation is performed
with the second roll 4 and a first roll 102" as shown in
Fig. 15, a flanged strip 111" of a small width is formed,
as shown in Fig. 16C, from a narrow flat strip 110". The
center main strip section 111a" is compressed between
the center main roll surfaces 102a" and 104a of the first
and second rolls 102" and 104. The first roll 102" has
left and right annular projections 102b" each having a
side roll surface. The left and right annular projections
102b" are correctly fit in the left and right second annular
grooves 104d of the second roll 104, respectively, with
a predetermined clearance. The left or right flange 111b"
of the flanged strip 111" on each of the left and right sides
is formed between the left or right second annular
groove 104d of the second roll 104 and the side roll sur-
face of the annular projection 102b" of the first roll 102"
fit in the second annular groove 104d. The width of the
flanged strip 111" shown in Fig. 16C is smaller than that
of the flanged strip 111' shown in Fig. 16B. Moreover,
the width of the center main section 111a" of the flanged
strip 111" shown in Fig. 16C is smaller than that of the
flanged strip 111' shown in Fig. 16B. In this example, the
width of the left or right flange 111b" of the flanged strip
111" shown in Fig. 16C is equal to that of the flanged
strip 111' shown in Fig. 16B.
[0056] The first roll 102' of Fig. 14 has left and right
roll flanges 103' for positioning the second roll 4 correct-
ly along the axial direction by limiting axial movement of
the second roll 104 therebetween like the flanges 3 of
the first roll 102 of Figs. 12 and 13. Similarly, the first roll
102" of Fig. 15 has left and right roll flanges 103" for
positioning the second roll 4 correctly along the axial di-
rection by limiting axial movement of the second roll 104
therebetween.
[0057] In this way, it is possible to use the second roll
104 in common for forming flanged strips of different siz-
es by pairing with a selected one of the first rolls 102,

102' and 102" of different sizes, to the advantage of pro-
duction cost.
[0058] Although the invention has been described
above by reference to certain embodiments of the in-
vention, the invention is not limited to the embodiments
described above. Modifications and variations of the
embodiments described above will occur to those skilled
in the art in light of the above teachings. The scope of
the invention is defined with reference to the following
claims.

Claims

1. A V-shaped metal strip having a V-shaped cross
section for forming a metal tube having an closed
elongated cross section, the V-shaped metal strip
comprising:

a U-shaped portion having a U-shaped
curved inside surface and a U-shaped curved out-
side surface, only the inside curved surface being
formed with a plurality of fold lines extending in a
longitudinal direction of the V-shaped metal strip.

2. A V-shaped metal strip according to Claim 1 where-
in the fold lines are arranged away from an imagi-
nary median plane bisecting the V-shaped cross
section, in a manner of bilateral symmetry with re-
spect to the imaginary median plane.

3. A V-shaped metal strip according to Claim 1 where-
in the V-shaped metal strip extends in the longitu-
dinal direction from a first end to a second end, has
first and second edges extending from the first end
to the second end and being separated open, first
and second side walls extending respectively, from
the first and second edges to the U-shaped portion
to form the V-shaped cross section with the U-
shaped portion.

4. A V-shaped metal strip according to Claim 3 where-
in the V-shaped metal strip has first and second
flanges adapted to be joined together to form the
closed elongated cross section of the metal tube,
the first flange including the first edge and being
formed in the first side wall and the second flange
including the second edge and being formed in the
second side wall.

5. A V-shaped metal strip according to Claim 1 where-
in each of the fold lines is in the form of a vertex of
an obtuse angle in the V-shaped cross section of
the V-shaped metal strip.

6. A formed metal strip member for forming a fluid pas-
sage, the formed metal strip member comprising:

a folded metal strip folded in two, the metal strip
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comprising:
first and second edges defining a first lateral
end of the folded metal strip, and extending in
a longitudinal direction of the metal strip from a
first longitudinal end to a second longitudinal
end of the metal strip;
first and second side walls extending in a width-
wise direction of the folded metal strip, respec-
tively, from the first and second edges toward
a second lateral end of the folded metal strip;
and
a U-shaped bottom defining the second lateral
end of the folded metal strip and connecting the
first and second side walls and extending from
the first longitudinal end to the second longitu-
dinal end, the U-shaped bottom having an out-
side U-shaped surface, and an inside U-
shaped surface formed with a plurality of fold
lines extending in the longitudinal direction.

7. A formed metal strip member according to Claim 6
wherein the folded metal strip is substantially in the
form of bilateral symmetry with respect to an imag-
inary median plane bisecting the U-shaped bottom,
and the fold lines are arranged in pairs each of
which consists of two of the fold lines, one being
substantially an mirror image of the other with re-
spect to the imaginary median plane.

8. A formed metal strip member according to Claim 6
wherein the first and second edges are separate
from each other and define a gap therebetween,
and the first and second side walls are arranged in
the form of a V shape to form a V-shaped cross sec-
tion with the U-shaped bottom.

9. A formed metal strip member according to Claim 6
wherein the first and second edges are joined to-
gether so that the folded metal strip has a closed
cross section.

10. A formed metal strip member according to Claim 9
wherein the formed metal strip member further com-
prises an inner fin confined in the folded metal strip.

11. A bending method of bending a metal strip from a
flat shape into a folded shape having an approxi-
mately U-shaped cross section, the method com-
prising:

a preceding bending step of compressing the
metal strip between a wider concave roll having
a circumferential rim formed with a wider V-
shaped groove defined by left and right sloping
surfaces forming a wider spread angle and a
wider convex roll having a circumferential rim
formed with a wider ridge projecting toward a
middle of the V-shaped groove between the left

and right sloping surfaces and having a left
edge for pressing the metal strip at a left pre-
ceding pressing point against the left sloping
surface and a right edge for pressing the metal
strip at a right preceding pressing point against
the right sloping surface, and
a following bending step of compressing the
metal strip between a narrower concave roll
having a circumferential rim formed with a nar-
rower V-shaped groove defined by left and right
sloping surfaces forming a narrower spread an-
gle smaller than the wider spread angle of the
preceding bending step and a narrower convex
roll having a circumferential rim formed with a
narrower ridge projecting toward a middle of the
narrower V-shaped groove between the left and
right sloping surfaces and having a left edge for
pressing the metal strip at a right following
pressing point against the left sloping surface
and a right edge for pressing the metal strip at
a left following pressing point against the right
sloping surface, the left and right following
pressing points being located between the left
and right preceding pressing points.

12. A bending method according to Claim 11 wherein
the metal strip bent by the preceding bending step
includes left and right sloping walls extending on
both sides of an imaginary median plane so as to
form a V-shaped cross section bisected by the im-
aginary median plane, the left and right preceding
and following pressure points are arranged sub-
stantially in a manner of bilateral symmetry on both
sides of the imaginary median plane of the metal
strip, the distance between the left and right follow-
ing pressure points is smaller than the distance be-
tween the left and right preceding pressure points.

13. A bending method according to Claim 11 wherein
the bending method comprises a sequence of sim-
ilar bending steps inclusive of the preceding bend-
ing step and the following bending step, for de-
creasing the bend angle of the metal strip step by
step, an inserting step of inserting an inner member
into a cavity of the metal strip bent by the sequence
of the bending steps, and a closing step of closing
edges of the metal strip to form a metal tube con-
taining the inner member therein.

14. A bending method according to Claim 13 wherein
the bending method further comprises a flanging
step of forming left and right flanges in the metal
strip prior to the sequence of the bending steps.

15. A roll forming system comprising:

a first roll including a main roll section having a
main roll surface for pressing a main strip sec-
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tion of a strip and a side roll section raised from
main roll surface of the first roll and having a
side roll surface for forming a flange in the strip;
a second roll including a main roll section hav-
ing a main roll surface for compressing the main
strip section of the strip between the main roll
surfaces of the first and second rolls, a side roll
section depressed below the main roll surface
of the second roll and having a first side roll sur-
face for forming the flange in the strip with the
side roll surface of the first roll when the first roll
has the side roll section at a first axial location
confronting the first side roll surface of the side
roll section of the second roll, and an annular
groove formed axially between the main roll
section of the second roll and the side roll sec-
tion of the second roll, for forming the flange in
the strip with the side roll surface of the first roll
when the first roll has the side roll section at a
second location for fitting in the annular groove
of the second roll.

16. A roll forming system according to Claim 15 wherein
the second roll comprises a plurality of the annular
grooves arranged along an axial direction of the
second roll.

17. A roll forming system according to Claim 15 wherein
the second roll comprises a first annular projection
formed axially between the annular groove and the
first side roll section of the second roll, for forming
a step in the strip between the flange and the main
strip section when the flange is formed by the first
side roll surface of the second roll.

18. A roll forming system according to Claim 17 wherein
the annular groove of the second roll is a first annu-
lar groove having a bottom surface serving as a sec-
ond roll surface for forming the flange in the strip,
the second roll f urther comprises a second annular
groove having a bottom surface serving as a third
roll surface for forming the flange in the strip and
the second roll further comprises a second annular
projection formed axially between the first and sec-
ond annular grooves, for forming a step in the strip
between the flange and the main strip section when
the flange is formed by the second side roll surface
of the second roll.
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