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(57) ABSTRACT 

One or more closed perimeter openings are formed in the 
compression area of a ?ange of a member that is to be bent 
transversely to the ?ange. The member is bent along a 
transverse bend line, and the ?anges are bent inwardly on 
themselves. The bending of the member along the transverse 
bend line is done With a great force, and because portions of 
the side ?anges are supported on their distal and proximal 
side, the material of the side ?anges in the compression area 
plasticiZes and ?oWs into the closed perimeter opening, 
causing them to deform. Because the closed perimeter 
opening or openings are present, the side ?anges are com 
pressed in a more controlled manner, reducing cracking, 
wrinkling and thinning during the bending of the member 
along the transverse bend line. 
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METHOD FOR FORMING A SHORT-RADIUS 
BEND IN FLANGED SHEET METAL MEMBER 

BACKGROUND 

[0001] The present invention relates to a process of manu 
facture and the product made therefrom. It relates to shaping 
sheet metal blanks, particularly to operations in Which a 
sheet metal member having a continuous ?ange is folded 
along a bend line transverse to the ?ange, creating a con 
tinuous corner ?ange. As an example, the present invention 
is useful in forming a joist hanger having a seat member, a 
back member connected thereto, and parallel continuous 
corner ?anges also connecting the tWo members. 

[0002] When a sheet metal member having one or more 
?anges is bent transversely to the ?ange or ?anges such that 
the ?anges are sWung inWardly on themselves, surplus 
material in the ?anges along and near the bend develops. 
This excess material Wants to fold over itself or crimp. 

[0003] The problems caused by excess material are par 
ticularly acute in forming and Wiping dies, operating at high 
frequencies. For example, if the tolerances in the press are 
such that the ?ange is closely contained betWeen the punch 
and the die of the press, then this surplus material in the 
?ange can fold over itself and tear, having no Where into 
Which to ?oW or bend. This condition is also knoWn as 
Wrinkling. In such presses, the material can also become 
caught, causing other portions of the sheet metal member to 
stretch. 

[0004] Wrinkling is unsightly and is often perceived as a 
Weak spot in the part. Stretching can also create undesirable 
indentations in the corner of the ?ange. Both Wrinkling and 
stretching are not easily controlled betWeen parts, such that 
there is a lack of uniformity betWeen the parts. The present 
invention seeks to create a part, having a continuous corner 
?ange that is smooth and lacks any visible Wrinkles, crimps, 
puckering in the portions of the ?ange that have been 
compressed, and any deleterious stretching in the portions of 
the part near the compressed areas of the ?ange. The process 
creates more uniform parts. 

[0005] The di?iculties caused by the surplus material that 
develops can also prematurely age the press. It is knoWn in 
the prior art that excess material that develops betWeen 
components of a die can cause “technical di?iculties”Which 
affects the operation of the press. See US. Pat. No. 1,343, 
647, granted to R. S. Smith in 1920 at page 1, line 37. 

[0006] There are a number of Ways of avoiding the di?i 
culties associated With forming a continuous corner ?ange 
on a high-speed Wiping or forming die. For example, if the 
transverse bend is made With a large radius, the compressed 
area is reduced, and tearing is less likely. Further, reducing 
the height of the ?ange or ?anges also reduces the portions 
of the ?anges to be compressed, reducing the likelihood that 
tearing Will occur. 

[0007] HoWever, it is often desirable to form a continuous 
corner ?ange in a part having a tight-radius, 90-degree bend 
With relatively high side ?anges. For example, the inventor, 
using the present method can consistently form a tight 
radius, 90-degree bend With a 9/16“ high continuous corner 
?ange Without Wrinkling, and With only minimal stretching 
the material in both 12 gauge and 18 gauge material. The 
height of the side ?ange is measured aWay from the trans 
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verse bend line and from the back along the proximal side 
of the ?ange to the top of the ?ange. With regard to 
stretching of the material, the inventor tested parts formed in 
a v-shaped forming die With openings in their side ?anges 
and Without openings in their side ?anges. The inventor 
found that With an 18 gauge part With no openings in the side 
?anges, the material in the very corner of the part Where the 
transverse bend line meets the ?ange bend line the part Was 
thinned by 0.08“. In comparison, the inventors noticed less 
thinning in the same part formed With a 1/8“ diameter 
opening located on the transverse bend line in the side 
?ange, the opening being adjacent the edge of the curved 
portion in the ?ange that results from the transverse and 
?ange bends. The material thinned only 0.04“ in the very 
corner. Thinning Was similarly less in side-by-side compari 
sons of a parts formed With 12 gauge material. 

[0008] There are prior art methods of forming similar 
shapes in light gauge sheet metal; hoWever, they suffer from 
various draWbacks. For example, forming a short-radius, 
90-degree bend With a continuous corner ?ange could be 
accomplished in a draW-action die. HoWever, draW-action 
dies are relatively sloW compared to forming or Wiping dies. 
Also draW action dies require excess material around the 
part to hold the part While it is being stretched. This excess 
material usually needs to be cut off the part once the draWing 
operation is complete, adding an extra step to the process. 

[0009] A number of other patented prior art processes 
form a transverse bend in a sheet metal part having corner 
?anges, hoWever, these methods remove most or all of the 
material from the side ?anges that is likely to be com 
pressed. This avoids the problem of having the excess 
material of the ?anges near the transverse bend crimp or 
Wrinkle on itself; hoWever, the ?ange is substantially Weak 
ened by the removal of most or all of the material near the 
transverse bend. See US. Pat. No. 1,925,804, granted to 
William C. Hiering on Sep. 5, 1933, and US. Pat. No. 
5,203,069, granted to Kurt Hennig on Apr. 20, 1992. 

[0010] The present inventive method for laterally bending 
an elongated sheet metal member having one or more side 
?anges treats the above problems, preventing tearing or 
undue stretching of the metal of and around the ?anges 
Without removing excessive amounts of material from the 
?anges near the transverse bend, or using a sloWer draW 
method, or reducing the height of the ?anges or reducing the 
sharpness of the transverse bend. 

[0011] The method of the present invention is particularly 
suited for forming certain types of sheet metal joist hangers. 
Sheet metal joist hangers are Widely used in Wood frame 
construction to attach joists to carrying members. The 
method of the present invention has particular relevance for 
forming light gauge hangers having an upright back With 
parallel opposed side ?anges extending therefrom, and a 
?anged horiZontal seat extending outWardly from the back in 
the same direction as the ?anges to form a bearing area for 
a joist. See US. Pat. No. 4,802,786 granted to James G. 
Yauger and John M. Rushton on Feb. 7, 1989 for an example 
of such a hanger. US. Pat. No. 3,633,950, granted to Tyrell 
T. Gilb on Jan. 11, 1972 is also exemplary. 

[0012] The particular joist hangers described in the tWo 
above-identi?ed patents are used in the paneliZed roo?ng 
industry, Where large roofs are normal, requiring the use of 
hundreds of such hangers at a time. Currently, many indus 
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trial buildings are designed With paneliZed roofs, creating a 
high demand for such hangers. The present invention pro 
vides an economic method for forming the critical transverse 
bend in such hangers betWeen the back member and the seat. 

SUMMARY OF THE PRESENT INVENTION 

[0013] It is an object of the present invention to form a 
bend in a sheet metal member having one or more ?anges, 
the bend being transverse to the ?ange or ?anges, Without 
causing a Wrinkling or buckling of the material of the ?anges 
in the compressed areas. 

[0014] It is a further object of the present invention to form 
a transverse, short-radius bend in an elongated sheet metal 
member having one or more ?anges, creating continuous 
corner ?anges free from Wrinkles or puckering. 

[0015] It is a further object of the present invention to form 
a transverse, tight-radius bend in an elongated sheet metal 
member having one or more ?anges that are relatively high, 
creating Wrinkle-free, continuous corner ?anges. 

[0016] It is a further object of the present invention to form 
a bent sheet metal member having a tall side ?ange With 
minimal deformities such that the connection of the ?ange 
across the bend line is substantial. 

[0017] It is a further object of the present invention to form 
a folded sheet metal member having a tall side ?ange on a 
high-speed forming die. 

[0018] These objects are accomplished by providing one 
or more openings in the portions of the areas of the ?anges 
that are bent inWardly and Would otherWise buckle or fold on 
themselves if the openings Were not there. The openings 
alloW for the controlled ?oW of material of the compressed 
side ?anges during the formation of the critical transverse 
bend. Controlling the ?oW of the material into the openings 
prevents Wrinkling of the material of the ?anges and Wear on 
the press. 

[0019] According to the present invention, one or more 
closed perimeter openings are formed in the compression 
areas of the ?anges. The ?anges are bent inWardly on 
themselves during the bending of the Web portion of the part 
along the transverse bend line. Because of the force at Which 
the inWard bending occurs, and because portions of the side 
?anges are supported on their distal and proXimal side, the 
material of the side ?anges in the compression area plasti 
ciZes and ?oWs into the closed perimeter opening, causing 
them to deform. Because the closed perimeter opening or 
openings are present, the side ?anges are compressed in a 
more controlled manner, reducing cracking, Wrinkling and 
thinning during the ?nal bending of the Web of the part. 

[0020] This method is particularly useful for shaping 
metal members as light as 18 gauge. It has also been used on 
sheet material as thick as 12 gauge. 

[0021] The method of the present invention improves 
upon eXisting methods by forming the short-radius, 90-de 
gree bend in ?anged metal member Without Wrinkling. As it 
is the Wrinkling of the metal that prematurely ages the die 
components, use of the method of the present invention 
alloWs the manufacturer to go longer before the die com 
ponents have to be replaced. 

[0022] The present invention is particularly useful for 
manufacturing a ?anged joist hanger having an upright back 
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member and a seat member formed out of the back member 
by a sharp-radius bend. The blank is provided With tWo or 
more openings. These openings are formed in the ?anges at 
or near the transverse bend line Where the seat Will be 
formed from the back member. Preferably, the openings 
formed in the blank are separated by the Width of the Web 
plus additional material on either side of the Web, and are 
separated from What Will be the edges of the ?anges. In the 
preferred method of the present invention, the ?anges are 
then formed, and ?nally the transverse bend at or near the 
openings. 

[0023] Use of the method of the present invention to form 
a channel-shaped, light-gauge joist hanger on a high-speed 
progressive press also reduces the Work that needs to be 
performed on the part. Use of the inventive method alloWs 
the press to be operated at a loWer tonnage than With 
traditional methods that Wipe the channel-shaped part to 
create the critical transverse bend. The inventor found that it 
took 750 pounds per square inch less pressure to form 
tight-radius, 90 degree bend in a 12 gauge channel-shaped 
member having openings in the side ?anges in the compres 
sion Zone in a v-shaped forming press, over a channel 
shaped member having no such openings. It only took 
pressure of 2750 pounds per square inch to form a 12 gauge 
member according to the present invention With closed 
perimeter openings in the ?anges. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a top plan vieW of a blank from Which a 
joist hanger can be formed according to the method of the 
present invention. The blank is shoWn as already being cut 
from a coil of sheet metal and With any openings, notches 
and embossments already formed therein. As is Well-knoWn 
in the art, the blank Would not be completely cut from the 
coil if the part Were to be formed on a progressive press as 
is the preferred method for the present invention. 

[0025] FIG. 2 is a top plan vieW of the same part of FIG. 
1 after side ?anges have been formed in the part. 

[0026] FIG. 3 is a top plan vieW of the same part of FIG. 
1 after the ?nal bends have been made. Atop ?ange has been 
formed by means common in the art and a seat member has 
been formed according to the method of the present inven 
tion. The closed perimeter openings in the side ?anges along 
the transverse bend line have been narroWed to slits due to 
the ?oW of plasticiZed metal during the forming of the ?nal 
transverse bend. 

[0027] FIG. 4 is an end vieW of the blank of FIG. 1 taken 
along vieW line 4-4 of FIG. 1. 

[0028] FIG. 5 is an end vieW of the part of FIG. 2 taken 
along vieW line 5-5 of FIG. 2. 

[0029] FIG. 6 is an end vieW of the ?nished part of FIG. 
3 taken along vieW line 6-6 of FIG. 3. 

[0030] FIG. 7 is a side vieW of the part of FIG. 1 taken 
along vieW line 7-7 of FIG. 1. 

[0031] FIG. 8 is a side vieW of the part of FIG. 2 taken 
along vieW line 8-8 of FIG. 2. 

[0032] FIG. 9A is a side vieW of the ?nished part of FIG. 
3 taken along vieW line 9A-9A. 
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[0033] FIG. 9b is cross-section of the ?nished part of 
FIG. 3 taken along section line 9B-9B. 

[0034] FIG. 10 is side vieW of a press used to form a 
transverse bend according to the present invention in a sheet 
metal part. The part created Will be the ?nished joist hanger 
shoWn in FIG. 3. The part is shoWn resting on the upper 
surfaces of the die, and the punch is shoWn in the raised 
position prior to its doWnWard stroke. 

[0035] FIG. 11 is a sectional, side vieW of the same press 
of FIG. 10 taken along vieW line 11-11 of FIG. 12. The vieW 
shoWs the punch at the bottom of its stroke having formed 
the transverse bend according to the present invention in the 
part. 

[0036] FIG. 12 is a sectional vieW of the press shoWn in 
FIGS. 10 and 11 taken along section line 12-12 of FIG. 11. 
The ?nished part is shoWn in cross-section as Well. 

[0037] FIG. 13A is a perspective vieW of the ?nished joist 
hanger of FIG. 3 formed according to the present invention. 

[0038] FIG. 13B is a perspective vieW of the ?nished joist 
hanger of FIG. 16 formed according to the method of the 
present invention. The joist hanger of FIG. 13B differs from 
FIG. 13A only in that it is formed With a plurality of 
openings near the transverse bend for alloWing the plasti 
ciZed metal of the ?anges in the compressed areas to How 
freely during the forming of the transverse bend. 

[0039] FIG. 14 is a top plan vieW of another blank from 
Which a joist hanger can be formed according to the method 
of the present invention. The blank is shoWn as already being 
cut from a coil of sheet metal and With any openings, notches 
and embossments already formed therein. In this blank for 
a joist hanger tWo openings are formed in each side ?ange. 
The openings in each ?ange straddle the transverse bend 
line. 

[0040] FIG. 15 is a side vieW of the same part of FIG. 14 
after side ?anges have been formed in the part. 

[0041] FIG. 16 is a side vieW of the same part of FIG. 14 
after the ?nal bends have been made. A top ?ange has been 
formed by means common in the art and a seat member has 
been formed according to the method of the present inven 
tion. 

[0042] FIG. 17 is a top plan vieW of a sheet metal blank. 
This blank is provided With a bend line to form a single side 
?ange and another bend line for making a transverse bend in 
the part. The bend lines are shoWn in phantom. Since the part 
formed from the blank Will have only one side ?ange, only 
one opening is formed in the part to accommodate the How 
of plasticiZed metal, during the formation of the transverse 
bend. 

[0043] FIG. 18 is a sectional side vieW of a press used to 
form the transverse bend according to the present invention 
in a sheet metal part having only a single side ?ange. The 
movable upper punch is shoWn nearing the completion of its 
stroke. The sheet metal part is disposed betWeen the moving 
punch and the stationary die. The transverse bend in the part 
has been partially formed. The opening in the compression 
area of the side ?ange has already narroWed to an oval due 
to the How of plasticiZed metal. The loWer die is shoWn With 
a knock-out plate or lifter that holds the part as the punch 
moves through its doWnWard stroke. 
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[0044] FIG. 19 is a sectional side vieW of the die of FIG. 
18. The upper movable punch is shoWn having completed its 
doWnWard stroke. The part is shoWn With the transverse 
bend having been completely formed. 

[0045] FIG. 20 is a sectional vieW of the press of FIG. 18 
taken along section line 19-19. 

[0046] FIG. 21 is top plan vieW of punch die for making 
the transverse bend in a part according to the present 
invention. The punch die shoWn is particularly useful for 
forming the part on a progressive press. 

[0047] FIG. 22 is a side vieW of a station in a progressive 
press used to form the transverse bend according to he 
present invention in a sheet metal part. The station shoWn is 
actually the last station in a progressive press. At this station, 
both the ?nal transverse bend is formed in the part and the 
part is cut from sheet metal coil. The station is shoWn With 
the punch press and cutter press at the top of their stroke and 
the part having just been inserted into the station. Portions 
of the punch press and punch die are shoWn in phantom lines 
to illustrate the station better. 

[0048] FIG. 23 is a similar vieW to FIG. 22 of the last 
station in a progressive press Where the part is cut from the 
coil and the transverse bend is formed. The station is shoWn 
With the punch press and cutter press beginning their doWn 
Ward stroke. The part is shoWn pinched betWeen the ejector 
pin and the lifter. 

[0049] FIG. 24 is a similar vieW to FIG. 22 of the last 
station in a progressive press Where the part is cut from the 
coil and the transverse bend is formed. The station is shoWn 
With the punch press and cutter press Well into their doWn 
Ward stroke. The punch press has made contact With the part. 
The ejector pin is noW completely encapsulated in the punch 
press, and the cutter press has cut the part from the coil. 

[0050] FIG. 25 is a similar vieW to FIG. 22 of the last 
station in a progressive press Where the part is cut from the 
coil and the transverse bend is formed. The station is shoWn 
With the punch press and cutter press at the bottom of their 
doWnWard stroke. The part has been bent along the trans 
verse bend line, adopting its ?nal shape. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

[0051] With reference to FIG. 1, the method of the present 
invention is performed on a piece 1 of bendable sheet 
material having a distal side 2, a proximal side 3 and ?rst and 
second ends 4 and 5. In the ?rst step of the process, a closed 
perimeter opening 6 is formed in the piece 1. The closed 
perimeter 6 opening has a ?rst shape. 

[0052] Next the piece 1 is bent along a ?ange bend line 7 
so that the piece 1 adopts a ?rst intermediate position. See 
FIG. 2. The ?ange bend line 7 divides the piece 1 into a 
?ange 8 that contains the closed perimeter opening 6 and a 
Web 9 to the other side of said ?ange bend line 7. The ?ange 
8 has distal and proximal sides 10 and 11 corresponding to 
the distal and proximal sides 2 and 3 of the piece 1. The 
?ange 8 also has a top 12 disposed aWay from the ?ange 
bend line 7 and a bottom 13 coincident With the ?ange bend 
line 7. 

[0053] To complete the inventive method, the Web 9 is 
bent along a transverse bend line 14 that divides the Web 9 
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into a back 15 and a seat 16 and the ?ange 8 into a back 
?ange 17 and a seat ?ange 18, so that said piece adopts a 
second position. See FIGS. 3, 11 and 12. The transverse 
bend line 14 lies near the closed perimeter opening 6. While 
bending the Web 9 along the transverse bend line 14, 
portions of the distal and proximal sides 10 and 11 of the 
?ange 7 are supported such that the seat ?ange 18 and the 
back ?ange 17 are sWung inWardly on each other, such that 
portions of the seat ?ange 18 and the back ?ange 17 near the 
ends 4 and 5 of the part are bent out of line and lie at an angle 
to each other. The bending of the Web 9 along the transverse 
bend line 14 is carried out With a force suf?cient to create 
compression forces in portions of the ?ange 8 near the 
transverse bend line 14, causing portions of the ?ange 8 to 
plasticiZe and ?oW into the closed perimeter opening 6 in the 
?ange 8, such that the closed perimeter of the opening 6 is 
deformed by the material ?oW and the opening 6 adopts a 
second smaller shape than the ?rst shape. 

[0054] As shoWn in FIG. 1, the preferred ?rst shape of the 
closed perimeter opening 6 is a circle having a diameter of 
1/8“. Such an opening 6 is preferred for forming continuous 
corner ?anges in both 12 gauge and 18 gauge metal. Other 
shapes are possible, but a circle is preferred. The closed 
perimeter opening 6 can be made With a ?rst shape that is a 
polygon. HoWever, the sharp angles in a polygon are more 
likely to be the point Where a tear begins during failure of the 
part When a load is placed on the part. Thus, shaping the 
closed perimeter opening 6 as a continuously curving mem 
ber is preferred. 

[0055] The closed perimeter opening 6 is preferably 
formed in the compression area caused by the inWard 
sWinging of the back ?ange and seat ?ange portions 17 and 
18, just above or adjacent to any curved portions in the side 
?ange 8 due to bending the part along the ?ange bend line 
7 or the transverse bend line 14. 

[0056] As it is the bending of the side ?ange 8 along the 
transverse bend line 14 that creates compression areas in the 
side ?ange 8 Where the metal Wants to accumulate due to 
material ?oW, the closed perimeter opening 6, according to 
the present invention must be located in the compression 
area such that it is transected by the transverse bend line 14 
or must be located near the transverse bend line 14, such that 
plastic ?oW Will deform the opening 6. In the preferred 
embodiment, the closed perimeter opening 6 in the com 
pression area is bisected by the transverse bend line 14. 

[0057] In the preferred embodiment the closed perimeter 
opening 6 is also located closer to the Web 9 or the ?ange 
bend line 7, rather than to the top 12 of the ?ange 8. This 
makes for a stronger ?ange 8. 

[0058] When only one closed perimeter opening 6 is used, 
ideally it Will be spaced aWay from both the top 12 of the 
?ange 8 and the ?ange bend line 7 by continuous material 
Zones 19 and 20. See FIG. 1. The continuous material Zones 
19 and 20 consist of areas made up of lines running 
substantially perpendicular to the ?ange bend line 7 betWeen 
the closed perimeter opening 6 and the top 12 and bottom 13 
of the ?ange 8 in the ?rst intermediate position. 

[0059] The ?ange bend line 7 could be a tangent of the 
closed perimeter opening 6, but this is not preferred. 

[0060] The continuous material Zone 19 above the closed 
perimeter opening 6 can also be described in the folloWing 
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manner: it has an upper limit de?ned by the top 12 of the 
?ange 8, a loWer limit de?ned by the top edge of the closed 
perimeter opening 6 and boundaries on either side de?ned 
by lines orthogonal to the ?ange bend line 7 and tangent to 
the closed perimeter opening 6 at the outermost opposed 
points of the perimeter of the closed perimeter opening 6 
along the ?ange bend line 7 When the part is in the ?rst 
intermediate position. The loWer continuous material Zone is 
de?ned similarly, eXcept With reference to bottom 13 of the 
?ange 8. 

[0061] This upper continuous material Zone 19 has a Width 
de?ned as the distance betWeen the top 12 of the ?ange 7 and 
the closest point on the perimeter of the closed perimeter 
opening 6 to the top 12 of the ?ange 8. Ideally this Width is 
greater than the thickness of the material from Which the 
piece 1 is made. 

[0062] In the preferred embodiment, a majority of the 
material of the ?ange 8 lies in a ?rst plane after the piece 1 
has adopted its ?rst intermediate position, and after the piece 
1 has been shaped into its second position, the majority of 
the material of the ?ange 8 still lies in that ?rst plane. See 
FIGS. 2 and 13a. 

[0063] Even if the majority of the material of the ?ange 8 
does not lie in a ?rst plane, under the present invention, the 
back ?ange 17 Will lie at a selected angle or orientation to 
the back 15 and the seat ?ange 18 Will lie at a selected angle 
or orientation to the seat 16, and the back and seat ?anges 
17 and 18 Will retaining those orientation to the back 15 and 
seat 16 throughout the process of forming the transverse 
bend. 

[0064] In this preferred case Where the substantial portion 
of the ?ange 8 lies in a single plane, that plane is at 90 
degrees to the Web 9, such that the back ?ange 17 is 90 
degrees to the back 15 and the seat ?ange 18 is 90 degrees 
to the seat 16. 

[0065] Since in the preferred form, all bends are made 
With tight-radius bends, the substantial majority of the ?ange 
8 When vieWed in cross section near the transverse bend line 
14 Will be planar and only the portion near the ?ange bend 
line 7 Will be curved. See FIGS. 5, 6 and 12. 

[0066] While it is preferred that only one closed perimeter 
opening 6 be formed in the side ?ange 8 near the transverse 
bend line 14, a plurality of openings can be formed in the 
side ?ange 8 near the transverse bend line 14. See FIGS. 
13B through 16. For eXample, an additional closed perim 
eter opening 21 can also be made in the piece 1‘. Preferably, 
the additional closed perimeter opening 21 also has the same 
?rst shape. The additional closed perimeter opening 21 is 
located in the ?ange 8 near the transverse bend line 14. The 
?rst and additional closed perimeter openings 6 and 21 lie 
substantially similar distances from Where the transverse 
bend line 14 and the ?ange bend line 7 intersect. 

[0067] The additional closed perimeter opening 21 is also 
located close enough to the transverse bend line 14 such that 
the additional closed perimeter 21 opening is also deformed 
by material ?oW. The additional closed perimeter opening 21 
Will also take on a second smaller shape than its ?rst shape, 
after the bending along the transverse bend line 14 has taken 
place. 
[0068] When tWo closed perimeter openings 6 and 21 are 
formed in a single ?ange 8, preferably the tWo closed 
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perimeter openings 6 and 21 are spaced along the ?ange 
bend line 7 equal distances from the transverse bend line 14, 
and equal heights above the ?ange bend line 7. 

[0069] As mentioned above, preferably the ?rst and addi 
tional closed perimeter openings 6 and 21 are formed With 
the same ?rst shape. HoWever, in embodiments Where more 
than one closed perimeter opening 6 is formed, said closed 
perimeter openings do not need to be formed With the same 
?rst shape. Further, since the material ?oW cannot be per 
fectly controlled, the second, ?nished shape adopted by the 
closed perimeter openings Will not be the same among the 
openings even if they are formed With the same ?rst shape. 
Although, the preferred ?rst shape has been selected such 
that material ?oW almost completely closes or ?lls-in the 
closed perimeter opening such that the second shapes 
adopted by the closed perimeter openings are similar. 

[0070] While it is preferred that the closed perimeter 
opening 6 be formed in the sheet material blank before any 
bends are made in the material, the operation of forming the 
closed perimeter opening 6 in the ?ange 8 can occur after the 
?ange 8 has been formed by bending the piece along the 
?ange bend line 7. 

[0071] Additional steps can be added to the preferred 
method described above to create a part 1 having tWo side 
?anges 8 and 108 formed according to the present invention. 
See FIG. 1. First, a second closed perimeter opening 106 is 
formed in the piece 1 simultaneously With the closed perim 
eter opening 6 by piercing the part 1. The second closed 
perimeter opening 106 is formed With a ?rst shape. Next, the 
piece 1 is bent along a second ?ange bend line 107 that has 
a portion substantially parallel to the ?ange bend line 7 
simultaneously With the bending along the ?ange bend line 
7. As With the ?rst ?ange bend line 7, the second ?ange bend 
line 107 divides the piece into a second ?ange 108 that 
contains the second closed perimeter opening 106 and the 
Web 9 to the other side of the second ?ange bend line 107. 
The second ?ange 108 also has distal and proximal sides 110 
and 111, a top 112 disposed aWay from the second ?ange 
bend line 107 and a bottom 113 coincident With the second 
?ange bend line 107. As With the ?rst ?ange 7, When the 
piece 1 is bent along the transverse bend line 14 that divides 
the Web 9 into a seat 16 and a back 15 and the ?ange 8 into 
a seat ?ange 18 and a back ?ange 17, the transverse bend 
line 14 also divides the second ?ange 107 into a second seat 
?ange 118 and a second back ?ange 117. The transverse 
bend line 14 also lies near the second closed perimeter 
opening 106. 

[0072] When the piece 1 is bent along the transverse bend 
line 14, portions of the distal and proximal sides 110 and 111 
of the second ?ange 108 are simultaneously supported such 
that the second seat ?ange 118 and the second back ?ange 
117 are sWung inWardly on each other, such that portions of 
the second seat ?ange 118 and the second back ?ange 117 
near the ends 4 and 5 of the part 1 are bent out of line and 
lie at an angle to each other. The bending of the piece 1 along 
the transverse bend line 14 occurs With a force suf?cient to 
create compression forces in portions of the second ?ange 
108 near the transverse bend line 14, causing portions of the 
second ?ange 108 to plasticiZe and ?oW into the second 
closed perimeter opening 106 in the second ?ange 108, such 
that the closed perimeter of the second opening 106 is 
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deformed by the material ?oW and the second closed perim 
eter opening 106 adopts a second smaller shape than the ?rst 
shape. 

[0073] Also in the preferred embodiment, the bends occur 
ring along the ?ange bend lines 7 and 107 and the transverse 
bend line 14 are tight-radius, 90 degree bends, having a 
radius equal to the thickness of the material. This radius is 
measured as the distance from the axis about Which the bend 
is formed and the proximal side 2 of the piece 1. See FIG. 
9b. 

[0074] Although it is not preferred the second ?ange 108 
can be formed With a second closed perimeter opening 106 
and an additional closed perimeter opening 121. 

[0075] The folloWing description relates the process of 
forming a fold or transverse bend in a channel-shaped 
member to create a primarily “L-shaped” channel member 
that can be used as the joist receiving portion of a hanger 
201. 

[0076] It Will be understood by those skilled in the art, that 
the same process With slight adaptations can be used to 
create a sheet metal member 202 having a base or Web 9 
portion and only one side ?ange disposed at an angle thereto. 
Those of ordinary skill in the art Will also recogniZe that the 
inventive method is equally applicable to innumerable other 
articles having bends transverse to continuous corner 
?anges. It is also to be noted that all the bends formed 
according to the preferred method are tight-radius, 90 degree 
bends; hoWever, it is not essential to the invention that the 
side ?anges 8 and 108 be disposed normal to the Web 
member 9 for purposes of the invention, nor is essential that 
the transverse bend itself create tWo members disposed 
orthogonally to each other. Further, the transverse bend line 
14 need not be normal to the ?ange bend lines 7 and 107. 

[0077] The preferred method of forming a light-gauge, 
channel-shaped hanger 201 With a tight-radius transverse 
bend on a high-speed progressive press according to the 
present invention consists of the folloWing steps. 

[0078] To initiate the process, the leading edge of a coil of 
sheet metal is fed into a progressive press. Progressive 
presses are Well-knoWn in the art for forming light-gauge 
sheet metal members having multiple bends. For forming a 
joist hanger 201 according to the preferred method of the 
present invention, the press has a plurality of stations, and 
the coil is fed incrementally into the press. At each station 
successive operations are performed on the coil, until the 
?nished hanger 201 is ejected from the ?nal station. The 
folloWing steps can be performed With a 100 ton press to 
make a channel-shaped joist hanger 201 from 18 gauge 
galvaniZed sheet metal. The progressive press is ideally run 
at approximately 100 strokes per minute. 

[0079] The Width of the coil varies depending upon the 
siZe and number of hanger blanks or pieces 1 Which Will be 
having identical operations performed on them at a particu 
lar point in the press. In the preferred method for forming a 
light gauge, joist hanger 201 suitable for paneliZed roof 
construction, the coil is Wide enough to accommodate tWo 
blanks or parts traveling through the press side-by-side. 

[0080] The coil is fed incrementally into the press. At the 
?rst pair of stations in the progressive press, pilot holes 22, 
notches and any openings in the part are formed. The pilot 
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holes 22 are the largest circular openings in the back 
member 15 shown in FIG. 1. They are used only for tooling 
and guide the coil through the progressive punch press. It is 
in this ?rst pair of piercing stations, that the closed perimeter 
openings 6 and 106 unique to this invention are formed in 
What Will be the continuous curved side ?anges 8 and 108 of 
the hanger 201. 

[0081] Next the blank is partially cut from the coil, but not 
completely. Aportion of the part, betWeen Where the ?rst and 
second side ?anges 8 and 108 end and What Will become the 
top ?ange 23 begins remains connected to the parts before 
it and behind it in the coil. See FIG. 1. This alloWs the blank 
or part 1 to continue to be pushed through the progressive 
press. Also, as mentioned above, there are tWo parts 1 
traveling through the press side-by-side, and at this point the 
tWo are still connected. 

[0082] At the next pair of stations, the embossments 24 for 
strengthening the top ?ange 23 are formed. 

[0083] At the next pair of stations dimples 25 and 125 are 
formed in What Will be the side ?anges 8 and 108. 

[0084] At the next pair of stations, portions of the outer 
margins of the blank are bent up normal to the Web portion 
9 to form a channel-shaped portion consisting of a base or 
Web 9 portion With opposed side ?anges 8 and 108. 

[0085] At the next station, the tWo parts 1 traveling side by 
side are separated by a lance, and the part is stamped With 
any necessary indicia, labeling or instructions. 

[0086] Next, the top ?anges 23 in each part 1 are bent 
doWn by a Wiping punch knoWn in the art. 

[0087] Finally, the part that Will become the joist hanger 
201 is moved into the ?nal station. See FIGS. 21 through 
25. At this station, it is ?rst cut from the coil and then bent 
along the transverse bend line 14 by a male forming punch 
press 301 and a mating female forming punch die 302. The 
male forming punch press 301 is driven doWnWards and 
bends the part 1 along the transverse bend line 14. 

[0088] The cut is made by a cutter press 401 located on the 
upper movable platen 303 and a stationary punch press 402 
located on the bottom platen 304. The bottom edge 403 of 
the cutter press 401 lies just beloW the loWest point of the 
punch press 301. This distance is preferably the thickness of 
the coil. This alloWs the cutter press 401 to cut the part 1 
from the coil in combination With the cutter die 402 before 
the punch press 301 begins to form the transverse bend in the 
part 1. 

[0089] In the last station, generally the clearance betWeen 
the sides 305 of the punch press 301 and the inner side Walls 
306 of the loWer punch die is substantially equal to the 
thickness of the coil to give support to the side ?anges 8 and 
108. Other portions 305a of the sides 305 of the punch press 
301 can be scalloped to accommodate portions of the side 
?anges 8 and 108 Which are not substantially in the same 
plane. See FIG. 11. 

[0090] The punch die 302 has a recessed portion or matrix 
cavity 307 and inner side Walls 306 that support distal side 
portions 10 and 110 of the ?rst and second ?anges 8 and 108. 
The inner side Walls 306 are substantially vertical, but the 
bottom of the cavity 307 tapers from tWo directions at angles 
of 45 degrees. In the preferred embodiment used on a 
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progressive press, the loWer punch die 302 is made up of a 
plurality of parts. The loWer punch die 302 has a rectangular 
containment die portion 308 containing tWo angular die 
members 309. Each angular die member 309 has a slanted 
face 310 sloping toWard the center of the rectangular con 
tainment die portion 308. These slanted faces 310 are 
disposed at 90 degrees to each other. Located betWeen the 
angular die members 309 is a moveable lifter 311. The lifter 
311 sits on a spring 312 Which can be a mechanical spring 
or a gas spring. In the preferred progressive press it is a 
nitrogen gas spring. 

[0091] The upper moveable portion of the press for this 
station, the punch press 301, is formed With an ejector pin 
313 that engages the part 1 before the punch press 301 
reaches it. 

[0092] The ejector pin 313 is moved by a spring 314 as 
Well, Which can be a mechanical spring or a nitrogen spring. 
The springs 314 and 312 for the ejector pin 313 and the lifter 
311 are chosen such that the ejector pin 313 cannot sub 
stantially move the lifter 311. The lifter 311 of the punch die 
302 engages the part 1 before the part 1 reaches it. The 
ejector pin 313 and the lifter 311 support the part 1 during 
the cutting operation that occurs higher up on the doWnWard 
stroke. The lifter 311 is also used in the progressive press to 
eject the hanger 201 from the loWer die 302 after the 
transverse bend has been formed. 

[0093] After the piece is cut from the coil, the punch press 
301 continues to descend, engages the part 1 at the rounded 
tip 315 of the punch press 301 and forces the material of the 
part 1 to deform around its tip 315 and into the recessed 
portion 307 of the loWer punch die 302. The round tip 315 
has a radius of one material thickness. The punch press 315 
has angular sides 316 disposed at 90 degrees to each other. 

[0094] During the forming operation in the last station, 
along the ?anges 8 and 108 in the area surrounding the 
transverse bend line 14 the metal Will be in compression due 
to the inWardly sWinging movement of the ?anges 8 and 108 
on opposite sides of the bend that Will be formed. Because 
of the force at Which the punch press 301 forces the part 1 
doWnWard, plastic deformation of the metal of the ?anges 8 
and 108 near the transverse bend line 14 Will occur. In the 
prior art Wiping operations, the plasticiZed metal Would fold 
on itself, or buckle, Which could lead to tearing and Wrin 
kling. The inventor has noticed from observing hangers 
made according to the conventional process, that as the 
pieces of the die press Wear With use, tearing of the metal 
becomes more of a problem. The tearing of the metal in the 
?anges of the part causes mechanical deformities in the die 
and punch, Which in turn lead to larger Wrinkles and tears in 
the press and so on. But in the present invention, because of 
the presence of the closed perimeter openings 6 and 106 in 
the compression area of the ?anges 8 and 108, the plasti 
ciZed metal is alloWed to ?oW unhindered into the openings 
6 and 106, such that it need not fold on itself causing 
Wrinkles, bulges, crimps or tears. That is to say, the closed 
perimeter openings 6 and 106 provide areas into Which the 
metal of the side ?ange 8 and 108 can ?oW Without bunching 
up onto itself. 

[0095] In an alternate method of the present invention, a 
connector 202 With only one ?ange 8 is formed With a 
transverse bend creating a continuous corner ?ange. See 
FIGS. 17 through 20. 








