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CONTINUOUS PROCESS OF ROLL-FORMING 
STAMPED SHEET 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part application of co 
assigned, co-pending utility application Ser. No. 11/330,301, 
?led Feb. 11, 2006, entitled CONTINUOUS PROCESS OF 
ROLL-FORMING PRE-STAMPED VARYING SHAPES, 
Which is turn claims bene?t of provisional application Ser. 
No. 60/723,393, ?led Oct. 4, 2005, entitled CONTINUOUS 
PROCESS OF ROLL-FORMING PRE-STAMPED VARY 
ING SHAPES 

BACKGROUND 

[0002] The present invention relates to a continuous pro 
cess of roll-forming pre-stamped varying shapes, and more 
particularly relates to a process combining a stamping/ 
deforming process With a roll-forming apparatus to obtain 
advantages of both in a continuous process. 

[0003] The advantages associated With roll-forming have 
made roll-forming a preferred manufacturing method for 
many open structural sections and tubular structural sec 
tions. Automotive bumpers beams are one example of a 
product that has capitaliZed on the bene?ts of roll-forming to 
produce light Weight, loW cost, and performance based 
designs that are Widely accepted and used commercially. 
Roll-formed tubular bumper beams represent a majority of 
the bumper beam market and continue to gain in popularity 
as bumper beams move from Class A surface designs such 
as stamped and chrome plated beams to structural beams 
that are positioned behind plastic fascias. Another style of 
bumpers are open sections (sometimes called “C” section 
bumpers) are also commonly used for bumper beam designs. 
These open sections typically require additional secondary 
processing to insert and Weld strategically placed internal 
bulkheads and strapping. The use of bulkheads and strapping 
is to improve structural integrity of the section With the 
addition of a minimal amount of Weight. These bulkheads 
and straps improve bending stiffness of the open section but 
achieve this increased performance at the cost of secondary 
processing. 
[0004] The roll-forming process has many bene?ts that 
make it a cost-effective method of manufacturing tubular 
beams. Some advantages of roll-forming include the abili 
ties to form high strength steels and Ultra High Strength 
Steels (UHSS). Pre-pierce, mid-pierce, and/or post-pierce 
operations can be used on ?at sections of the sheet material 
before roll-forming. Also, operations can be done in-line 
With the roll-forming process, such as in-line Welding and 
cutolf. HoWever, roll-forming has limitations, such as the 
inability to change material properties Within the part and 
the inability to change the cross section along the length of 
the part. The inability to change the cross section along the 
length of the part typically results in excessive material 
being used in areas Where it is not needed to meet perfor 
mance requirements in other areas Where it is needed. The 
excessive material also adds to the Weight of the part and to 
material cost. Speci?cally, testing and computer analysis 
shoWs that a tubular beam that is constrained at its ends and 
loaded in the center Will exhibit a free body diagram Where 
greater section depth, (i.e., moment of inertia) at the beam’s 
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center produces a stilfer beam. The inability to change the 
cross section of a roll-formed tubular beam along its length 
results in a tubular beam With a constant moment of inertia. 
The constant moment inertia results in excess material and 
geometry in areas along the length of the tubular beam that 
do not contribute to the overall bending stiffness of the 
beam. 

[0005] Stamping processes have an advantage over roll 
forming in that beams With non-uniform cross sections can 
be made. HoWever, stamping operations are limited and 
generally less e?icient than roll-forming since individual 
sheet blanks must be laterally moved and accurately posi 
tioned after each die stroke. Also, dies cannot make tubular 
beams Without signi?cant di?iculty or complexity, or With 
secondary operations. Further, high strength and ultra high 
strength sheet material is very Wearing on dies depending on 
the amount of shape deformation being imparted onto the 
sheet material and depending on a strength of the material. 

[0006] It is noted that current roll-forming processes 
sometimes utiliZe relatively-loWer-force, fast-acting stamp 
ing presses before the roll-forming process, but these presses 
are used to piece and cut features such as holes, slots, etc. 
into the material While it is ?at and before roll-forming is 
used to shape the part. 

[0007] Typical (most) stamping press methods for forming 
metals can be referred to as cold stamping. In cold stamping, 
the material is formed betWeen dies, With the material and 
dies being kept generally at room temperature. Another type 
of forming is called hot stamping. In hot stamping processes, 
the metal is heated to its austenite temperature (AC3) and 
then cooled rapidly after forming is completed in the die. 
The required austenite temperature and time required to 
quench the material are dependent on the chemistry of the 
material, and the ?nal properties desired. For example, it is 
knoWn to heat steels containing 0.2% mass percent of carbon 
to 850° C. (or higher such as 880° C. to 950° C.) to reach 
their austenitic region, and then to pass them into cooled dies 
in a stamping press for forming While the steel is still 
su?iciently hot. The hot steel is formed using the stamping 
dies and then quickly cooled by the temperature of the dies 
and/or by quenching With Water. For example, the material 
can remain in the die With the press in its full stroked 
position until the steel has reached a loW enough tempera 
ture to maintain the desired material strength. HoWever, the 
above-described hot stamping technique tends to be an 
intermittent “stop-and-go” process Which historically is not 
considered to be Well-suited for use in a continuous pro 
cesses operating at relatively high line speeds (i.e. not 
Well-suited for being used in-line With rollforming equip 
ment). Further, I, the present inventor, am not aWare of 
anyone combining stamping With rollforming, for the rea 
sons discussed above. 

[0008] Thus, a system having the aforementioned advan 
tages and solving the aforementioned problems is desired. 

SUMMARY OF THE PRESENT INVENTION 

[0009] In one aspect of the present invention, an apparatus 
adapted to form a reinforcement beam includes a press 
having dies con?gured to deform a ?at strip of heated metal 
material into a deformed strip With a three-dimensional 
shape by draWing and moving material, and a cooling 
system associated With the press and con?gured to cool the 
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heated metal material of the deformed strip. A roll-former is 
located downstream of the press and cooling system and has 
rolls con?gured to shape edge portions of the deformed strip 
into a continuous beam. 

[0010] In another aspect of the present invention, an 
apparatus adapted to form a reinforcement beam includes a 
heater con?gured to heat steel material to a temperature of 
at least about 850° C. A. press includes dies con?gured to 
deform a continuous strip of hot steel material. A cooling 
system is associated With the press for quenching and 
hardening the hot steel material. A roll-former is positioned 
in-line With the press and doWnstream of the cooling system 
and has rolls con?gured and arranged to receive the strip in 
the feed direction and shape edge portions of the deformed 
strip into a reinforcement beam. 

[0011] In another aspect of the present invention, a method 
comprises steps of hot-stamping a sheet of heated steel 
material having a ?rst tensile strength, including draWing 
and stretching the material. The method further includes 
quenching the stamped sheet to cause the material to have a 
higher tensile strength. The method still further includes 
roll-forming portions of the stamped sheet by use of a 
roll-forming mill into a beam. 

[0012] In still another aspect of the present invention, a 
method of forming a reinforcement beam comprises steps of 
providing a heater, providing a press including forming dies 
at a location doWnstream of the heater and also a cooling 
system associated With the press, and providing a roll 
former having rolls in-line and doWnstream of the press. The 
method includes heating a strip of material, operating the 
dies to deform the strip of material by draWing the hot 
material and thereafter quickly cooling the material, and 
operating rolls of a roll-forming mill to receive the strip in 
a feed direction and shape edge portions of the deformed 
strip into a reinforcement beam. 

[0013] The present inventive concepts focus on tubular 
sections, but it should be noted that the concepts and their 
uniqueness can also be applied to open sections. 

[0014] These and other aspects, objects, and features of 
the present invention Will be understood and appreciated by 
those skilled in the art upon studying the folloWing speci 
?cation, claims, and appended draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0015] FIG. 1 is a How chart shoWing a process embody 
ing the present invention. 

[0016] FIG. 1A is a side vieW ofan apparatus incorporat 
ing a roll-forming mill, a stamping station, a Welding station, 
and a sWeeping station for the process of FIG. 1. 

[0017] FIG. 2 is a side vieW of a vehicle bumper beam 
embodying the present invention. 

[0018] FIGS. 3-6 are cross sections taken through FIG. 2. 

[0019] FIG. 7 is a side vieW of the vehicle bumper beam 
after being roll-formed but prior to being longitudinally 
sWept. 

[0020] FIG. 8 is an end vieW ofthe beam ofFIG. 7 moving 
through an exemplary roll-forming station, the vieW shoW 
ing the beam, the rolls, and a Weld joint. 
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[0021] FIGS. 9-9A are a How chart and side vieW of a 
corresponding machine similar to FIGS. 1 and 1A, but 
adapted for hot stamping steel sheet material prior to the roll 
forming portion of the machine. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0022] The current invention de?nes a Way to produce 
roll-formed tubular beams With varying cross sections from 
high-strength sheet material, such as materials of over 80 ksi 
tensile strength and even ultra-high-strength steel of over 
140 ksi tensile strength (sometimes called “UHSS” or 
“AUHSS” material). For example, a DP980 (DF140) mate 
rial has successfully been used. The ability to change cross 
sections along the length of the beam is achieved by com 
bining a pre-forming process via stamping With the roll 
forming. The stamping process and roll-forming operations 
are done in-line and sequentially. Sequential processes in 
line Without the need for secondary handling results in a very 
cost efficient manufacturing process. The stamping press is 
used to pre-form material as Well as pre-pierce the sheet 
material and add features before it travels through the 
roll-forming tooling. The stamping of the material While it is 
in the ?at produces a shape With varying depth and geometry 
across the length of the part. For example, the formed shape 
could represent the rearWard section of a tubular bumper 
section. The stamping press that combines the stamping of 
features and forming of varying shapes Would have a greater 
tonnage than a typical pre-pierce press that stamps features 
into the material. The present stamping press Would also 
have to include stamping dies beyond the required punches 
and buttons necessary for the stamping of features. Since it 
is envisioned that material grades above mild steel such as 
UHSS material Would be used to fabricate tubular bumper 
systems, it is assumed that a one-hit stamping operation 
must be suf?cient to form the shape. Higher grade materials 
such as UHSS undergo a siZable amount of Work hardening 
Which makes the material susceptible to cracking if multiple 
hits are required to produce the desired ?nal shape. If the 
stamping process requires a large amount of forming and in 
turn causes the materials to signi?cantly Work harden, it is 
likely that the stamped shape Would be formed in a one-hit 
operation to avoid any material cracking that might result 
from multiple stamping of the Work hardened material. 
Aggressive forming via stamping can be done in multiple 
hits if caution is exercised in speed of forming to keep Work 
hardening at a minimum. A good understanding of the 
application of design guidelines With respect to bend radii 
should be exercised When stamping UHSS. It should also be 
noted that the shape When formed by UHSS material is 
formed primarily by moving material and not stretching or 
extruding the material. Materials such as UHSS have high 
yield and tensile strengths and in turn a loW elongation. The 
loW elongation translates directly to loW ductility Which 
prohibits the forming through material thinning, i.e., extru 
sion/draWing. 
[0023] The material that is used to form the shape during 
the stamping process draWs from the Width of the coil and 
not doWn the length of the coil. This Will require that the 
Width of the coil that feeds the stamping press to be 
oversiZed to alloW for shape forming via stamping and still 
provide suf?cient blank Width for the roll-forming operation 
Which is used to ?nish the shape into a tubular geometry. It 
is also envisioned that relief slots Will need to be introduced 
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at the ends of the formed shape. These slots Will assist in 
forcing material from the edges of the blank Width and not 
doWn the length of the formed shape. The relief slots also 
Will maintain blank ?atness of the unstamped non-deformed 
areas of the blank before and after the shape is stamped into 
each part. The forming operation in the press Will produce an 
irregular Width blank since material moves across the coil 
Width and Will need to be resiZed before the material can 
pass through the roll-former. Roll-forming uses the edges of 
the material to guide the material from pass to pass and to 
trap the material While bending is being performed at each 
of the passes. The resiZing of the blank Width can be done 
at one or more locations along the manufacturing process. It 
is contemplated that the irregular blank Will be slit imme 
diately after the material leaves the stamping press. The 
slitting operation may have to be offset Where one edge is slit 
and then used as a reference edge to slit the other edge. The 
material can also be slit after one or more of the early passes 
of the roll-former operation. It is contemplated that there 
may be some advantages to begin some initial forming in the 
roll-form mill before the irregular blank is resiZed With a 
slitting operation and before the roll-forming process is 
?nalized. An additional option is to resiZe the irregular blank 
in a station of a multiple station stamping operation. One 
option Would be to have the bed of the stamping press be at 
least tWice the length of a typical part, or the other option 
Would be to use tWo presses in-line. It is envisioned that the 
?rst station of the stamping press or the ?rst press Would 
stamp the relief slots needed at the ends of the part length 
and form the complete shape. The second station of the press 
or the second press Would stamp features (holes, slots, etc . 
. . ) into the formed shape and trim the irregular blank to a 
siZe appropriate for the roll-forming process Which Will 
?nish the part into a tubular beam section With varying 
cross-sectional geometries along the length of the part. 
[0024] Due to the amount of forming that is required for 
the part, it may be necessary to accumulate material after the 
press and before the roll-forming process. In a typical 
pre-pierce operation Where features are added to the material 
While it is ?at, the die is con?gured to travel With the 
material, (i.e., ?ying pre-pierce die). Preferably, the forming 
die Would be con?gured to stamp While moving longitudi 
nally along With the moving material, i.e., ?ying die con 
?guration. Alternatively, if the shape-forming die is too 
heavy to move With the material, it may become necessary 
to accumulate the material after the press and before the 
roll-forming process. Another option for excessively heavy 
dies Would be to forgo the accumulation of material after the 
press and use a stop-start process With the roll-forming 
operation. Roll-form mills can be run successfully and 
e?iciently using a stop-start repetitive motion, but stop-start 
motion is not a very complimentary process if in-line high 
frequency induction Welding is used. A stop-start process 
may be more suited for either laser Welding or contact 
Welding. 
[0025] The formed shape and either the untrimmed blank 
or the trimmed blank can noW be fed into the roll-forming 
process. The roll-form tooling Would be designed to provide 
clearance for the formed shape. It is envisioned that only 
upper roll tooling be used to complete constant part geom 
etry via roll forming, With the stamp formed perimeter of the 
part Would be supported While the rest of the perimeter is roll 
formed. It is envisioned that the depth of the formed shape 
and the shape itself Would change along the length of the 
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part. The Width at some given location and most preferably 
a location near the transition betWeen the stamped formed 
section and the roll-formed section Would remain constant 
along the length of the part. This common Width is important 
because it provides a location Where the material can be 
constrained as the remaining material is formed in the 
roll-forming process. The ability to constrain the formed part 
as the roll-forming process continues Will cease because at 
some point along the roll-forming process, the individual 
legs of the part Will converge to form a tubular shape. At this 
point, internal mandrels may be necessary to constrain the 
shape formed from stamping While the roll-forming process 
completes the tubular geometry. 

[0026] The individual legs of the part are brought to a 
point of contact via the roll-forming process and at this 
point, the tWo individual legs are Welded to form a one-piece 
tubular part With varying cross sections along the length of 
the part. Welding can be done in various Ways Where the 
type of the Welding process used is based on numerous 
factors, i.e., geometry, desired cycle time, etc. . . . Options 
for Welding may include high frequency induction Welding, 
contact Welding, or laser for tubular section. Other Welding 
options such as impulse seam Welding (rotary spot), plasma 
arc Welding, or laser may be more suitable for irregular 
shaped geometries. All of these Welding methods are Widely 
used today to produce commercially available tubular and 
irregular shapes of constant cross section. 

[0027] An automotive bumper beam typically requires 
some degree of curvature Which is complimentary to vehicle 
styling. As styling changes and becomes more aggressive, a 
bumper beam With multiple radii becomes easier to package 
in the available envelope. lmparting of multiple radii in a 
bumper beam is referred to as a compound sWept bumper. 
This ability to produce compound sWept bumper beams 
in-line and during the manufacturing process can be accom 
plished With an apparatus that uses servos, is driven, and is 
computer controlled. This type of apparatus alloWs for real 
time adjustment of a bending roller Which is used to impart 
curvature into the beam. Because of the real time adjustment 
of the bending roller, multiple radii can be imparted at given 
locations along the length of the beam. The last in-line 
operation is to cut the beam section to length. The cutoff 
operation can be done in various Ways. The most common 
method of cutting bumper beams to length is to use a ?ying 
cutolf apparatus. A ?ying cutoff Will travel With the part and 
perform the cut-off operation as the part is moving at line 
speed. A typical ?ying cut-off apparatus Would include part 
clamping steel forms, air or hydraulic cylinders, and shear 
ing blade. 

[0028] The uniqueness of the present invention is the 
ability to produce a one-piece roll-formed structural beam or 
an open section roll-formed structural beam that has varying 
cross section along the length of the part. The ability to 
change the cross section along the length of the beam is 
achieved by the use of a forming die and a stamping press 
positioned upstream and in-line With the roll-forming pro 
cess. The innovative design of the roll tooling alloWs the 
stamped pre-formed shape to move its coplanar ?at edge 
sections through the individual roll-forming passes freely 
Without distortion or shape change of its noW-stamp-formed 
center section. Each pass of the roll-forming process con 
tinues to form the material of the edge sections into a ?nal 
shape that incorporates the stamped form. Current roll 
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forming processes utilize relatively-loWer-force, fast-acting 
stamping presses before the roll-forming process, but these 
presses are used to piece and cut features such as holes, slots, 
etc. into the material While it is ?at and before roll-forming 
is used to shape the part. The present invention increases the 
tonnage of the upstream stamping press and incorporates 
forming dies into the stamping press. The stamping press or 
presses are used to form the steel With a shape that When 
closed in geometry With the use of roll-forming, produces a 
tubular beam section With varying cross-sectionals along the 
length of the part. The same concept can be applied to open 
sections Where the stamping operation imparts an irregular 
shape across the length of the part and the roll-forming 
operations process the rest of the part shape. The varying of 
cross sections along the length of the part provides the 
opportunity to ef?ciently use material and geometry to 
achieve performance requirements. The result is a Weight 
and performance optimiZed structural member that is pro 
duced in a continuous cost-effective manufacturing process. 

[0029] FIG. 1 is a How chart shoWing a process embody 
ing the present invention, and FIG. 1A shoWs a correspond 
ing apparatus. As noted, the process starts With a step 30 
(FIG. 1) Where a coiled sheet 31 (FIG. 1A) is unrolled and 
the uncoiled strip/sheet 32 is fed forWard. The process 
proceeds to a step 33 to pre-pierce and shape form the sheet 
32 through the use of a stamping press 34 that actuates dies 
35 and 36 together against the sheet 32. The press 34 and/or 
dies 35 and 36 preferably are movable laterally along With 
the sheet 32 during the stamping process and also are 
relatively fast-acting. Alternatively, the roll-forming opera 
tion can be sloWed or stopped during the stamping operation. 
The dies 35 and 36 are con?gured and designed to stamp the 
sheet material, primarily pulling and moving material from 
a Width direction and not from a longitudinal direction of the 
sheet 32. It is noted that a preferred material is ultra high 
strength steel (UHSS), Which can be bent but basically not 
draWn or stretched. Accordingly, pulling and moving mate 
rial laterally (rather than longitudinally) is a signi?cant 
concept When USHH material is used. Slits in the sheet at 
each end of a (future) bumper section can be used to reduce 
longitudinal movement of sheet material during the three 
dimensional deformation process of step 33. 

[0030] The process proceeds in a step 38 through slitter 39 
that slits/cuts edges of the formed sheet 32 to a particular 
knoWn Width dimension, With edge portions of the sheet 32 
still in a coplanar ?at condition. 

[0031] The process then proceeds in a step 41 through a 
roll-forming operation, as illustrated by the roll mill 42 
having roll-forming stations 43-48'. The particular illus 
trated roll mill 42 has rolls constructed to form the sheet into 
a tubular shape (see FIG. 7) Which is Welded in process step 
50 at abutting edges 51, 52 (FIG. 8) and Welded at location 
82 in a Welding station 53 (FIG. 1A). Where necessary or 
desirable, an internal mandrel can be positioned upstream or 
doWnstream to help maintain cross sectional shape or to 
provide support for bending or forming through the roll 
forming operation. For example, the internal mandrel can be 
anchored at location 54 and an anchoring tie-bar or cord can 
extend doWnstream (or upstream) to provide mandrel sup 
port. Due to the stamping operation, the middle or loWer 
portion of the cross section changes shape longitudinally and 
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laterally, causing the ?nal cross section of the ?nal beam 72 
to vary in a depth dimension and shape along its length (see 
FIGS. 3-6). 

[0032] The process then proceeds in a step 60 Where the 
continuous Welded tubular beam 61 is longitudinally sWept 
as it moves through stabilizing/motivating rolls 49 and a 
sWeep station 62 With adjustable external mandrels 63 and 
With (if needed) internal mandrels 64. Thereafter, the con 
tinuous beam 61 is cut to length in step 70 by a cut-off 
apparatus 71 into individual beams 72 useful as impact 
reinforcement bumper beams on a vehicle. The entire pro 
cess is controlled by a controller for optimal, coordinated, 
and simultaneous operation. 

[0033] Notably, one overall apparatus and process of roll 
ing, Welding, and sWeeping a tubular beam of a constant 
cross section is shoWn and described in Sturrus U.S. Pat. 
Nos. 5,092,512 and 5,454,504, and an exemplary cut-off 
device is shoWn in Heinz U.S. Pat. No. 5,305,625. The 
reader is referred to these disclosures if additional detail 
about those processes are desired. Also, their teachings are 
incorporated herein in their entirety for the purpose of fully 
disclosing and teaching the present invention. The present 
concepts can be used With a poWer adjusted variable sWeep 
station, such as those knoWn in the art. 

[0034] FIG. 2 is a side vieW of a vehicle bumper beam 
embodying the present invention as it comes off the cut-off 
apparatus 71. 

[0035] FIGS. 3-6 are cross sections taken through FIG. 2. 
Notably, these cross sections are similar to cross sections 
taken through similar locations in the continuous beam 61 
(see FIG. 7) prior to the step of sWeeping the beam 61. 

[0036] FIG. 7 is a side vieW of the vehicle bumper beam 
after being roll-formed but prior to being longitudinally 
sWept. Notably, the top “half” section of the beam is linear 
and constant in cross section (compare the upper portion of 
FIGS. 3-6 and also see FIG. 8), While the bottom “half’ 
section of the beam is deformed into different three-dimen 
sional changing longitudinal shapes (compare the FIGS. 
3-6). It is contemplated that various features can be incor 
porated into the beams 72. For example, the angled surfaces 
73 (FIG. 2) become coplanar and aligned mounting surfaces 
74 When the beam 61 is sWept to become individual beams 
72. The coplanar mounting surfaces 74 are adapted to be 
attached to a front of vehicle frame rails, such as by 
attachment bolts or fasteners, and can include pre-pierced 
holes for the attachment bolts and fasteners. 

[0037] FIG. 8 is an end vieW ofthe beam ofFlG. 7 moving 
through an exemplary roll-forming station, the vieW shoW 
ing the beam 61 engaged by bottom forming roll 80 and side 
containment rolls 81. A Weld joint 82 found at station 53 is 
shoWn at abutting edges 51 and 52. Sequential formation of 
the top “Wings” or side ?anges 84 of the sheet are illustrated 
by the positions 85-88. It is contemplated that the bottom 
forming roll 80 and/or side constraint roll 81 can also be 
fully or partially replaced With stationary guide blocks 
and/or roll(s). In particular, I envision a modi?cation Where 
only top roll form tooling is used, and the bottom is braced 
With either blocks, or (non-forming) rolls, or a combination 
of blocks and rolls. 

[0038] It is contemplated that the present process can be 
used to manufacture sophisticated beams With non-uniform 
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cross section along their length, allowing the beams to be 
“customized” and optimized for various applications, such 
as for interior cross car structural beam, frame components, 
exterior cross car structural beams, roof boWs, Windshield 
header, rocker panels/sills, door beams, engine cradles, and 
instrument panel supports. It is contemplated that the present 
concept Would be more cost competitive and have a more 
efficient/higher through-put than hydro-forming processes 
and also provide design ?exibility over stamping processes. 

Modi?cation 

[0039] A How chart (FIG. 9) and apparatus (FIG. 9A) are 
illustrated similar to FIGS. 1 and 1A respectively, but 
modi?ed and adapted for hot stamping ahead of the roll 
forming portion of the machine. Speci?cally, uncoiled sheet 
material 32 capable of being hot stamped and quenched for 
high material strength is heated to a temperature of at least 
about 850° C. (and preferably to about 880° C. to 950° C., 
depending on material chemistry) in a step (100) by heaters 
101. The duration of the heating process can be varied, 
depending on the BTU capability of the heaters, and depend 
ing on Whether the process is a stop-start roll forming 
process or a continuous process. A length of the heaters is 
extended as necessary to match a speed of the machine/ 
process. The heaters 101 are positioned immediately prior to 
the step 33 of piercing and shaping of the sheet 32, at a 
location adjacent and upstream of the stamping press 34. 
The dies 35/36 are cooled by a coolant system 103 and/or 
Water/coolant is applied by a quenching system 103 to the 
formed sheet While the formed sheet is still betWeen the dies 
35/36 or as the formed sheet exits the dies 35/36. The timing 
of cooling is critical. Cooling must be done before the 
material temperature drops unacceptably. Typically, the 
quenching is done during or Within seconds of the forming 
operation, such as by cooled dies and/or coolant applied to 
the steel While compressed betWeen the dies. 

[0040] A typical steel suitable for the hot stamping process 
is Usinor pre-coated USIBOR 1500. The material as 
received and formed in the press 34 is preferably at a yield 
strength greater than 370 MPa, preferably at a tensile 
strength greater than 550 MPA, and has an elongation of 
greater than 14%. The properties of the “as-received” USI 
BOR 1500 are very suitable for press forming, because the 
material is able to be draWn (i.e. “stretched” or extruded 
such that a thickness of the material is reduced). At the same 
time, the post quench properties of this material are signi? 
cantly higher; With a yield in the range of 1000 MPa, a 
tensile strength in the range of 1500 MPa, and an elongation 
in the range of 5%. These higher material properties are 
Well-suited for energy absorption, improved part perfor 
mance in crashWorthiness, and provide an excellent strength 
to Weight ratio. By using this material, it is possible to make 
deeper deformations in the sheet in the stamping process 
Without losing as much Width in the ?nal sheet (i.e. prior to 
the step of slitting 38 in slitter 39) . . . thus reducing material 
Waste. Also, it is noted that ultra high strength steels Work 
harden When bent, thus limiting the ability to bend them 
more than once. This problem is avoided by the hot stamping 
process, since the material is able to be draWn and does not 
have the same problems associated With rapid Work hard 
ening of the sheet material. By hot stamping mild steel 
material, there are more options in hoW to move material in 
the stamping die, thus facilitating the stamping process and 
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alloWing deeper sections to be draWn/formed into the sheet 
material. For example, 30% to 50% deeper sections can be 
draWn into the steel sheet. 

[0041] The uniqueness of the present concept includes the 
ability to combine the bene?ts of tWo very different manu 
facturing processes to produce a more competitive part. 
Bene?ts include the ability to change cross section along the 
length of a part. Higher part strength and reduced part 
Weight represent bene?ts that are gained When material 
properties are increased and cross sections are tubular. The 
stamping process either cold stamping or hot stamping has 
the ability to vary shape across the part length. The hot 
stamped process has the added ability to Work With as 
received mild steel Which is suitable for forming and then 
transform the material during the processing into a material 
With extremely high properties. This transformation is 
achieved after the quenching of the heated and formed steel. 
This avoids the problems associated With Work-hardening 
Which can occur When high strength materials are stamped 
. . . since the sheet material becomes high strength only When 

quenched after the stamping operation. In the present pro 
cess, roll forming is used to receive the stamped sheet and 
?nish the forming of the part. The gradual forming stages 
associated With the roll forming process are capable of 
forming materials of very high strength level, including high 
strength and ultra high strength steels. This makes roll 
forming a desirable method for ?nal forming of open or 
tubular pressed forms that are formed hot in a stamping 
press. 

[0042] The hot stamped process provides greater capabil 
ity over cold stamping since forming is done With one 
material grade/ strength and the ?nal part is at another higher 
grade/strength. Material as received for the hot stamping 
processes is generally classi?ed as mild steel and possesses 
properties very suitable for stamp forming. The hot steel is 
formed and then quenched in the die (or immediately 
quickly thereafter), Which produces a martensitic grain 
structure and material properties more common to marten 
sitic steels With tensile strengths greater than 1500 MPa. 

[0043] It is to be understood that variations and modi? 
cations can be made on the aforementioned structure Without 
departing from the concepts of the present invention, and 
further it is to be understood that such concepts are intended 
to be covered by the folloWing claims unless these claims by 
their language expressly state otherWise. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 
1. An apparatus adapted to form a reinforcement beam 

comprising: 

a press including dies con?gured to deform a ?at strip of 
heated metal material into a deformed strip With a 
three-dimensional shape by draWing and moving mate 
rial; 

a cooling system associated With the press and con?gured 
to cool the heated metal material of the deformed strip; 
and 

a roll-former doWnstream of the press and cooling system 
and having rolls con?gured to shape edge portions of 
the deformed strip into a continuous beam. 



US 2007/0074556 A1 

2. The apparatus de?ned in claim 1, including stamping 
dies in the press having at least a portion of the cooling 
system therein. 

3. The apparatus de?ned in claim 2, including a slitter set 
to cut the deformed strip to a uniform Width of desired 
constant dimension. 

4. The apparatus de?ned in claim 2, Wherein the dies are 
con?gured to stretch and extrude the material in a lateral 
direction. 

5. The apparatus de?ned in claim 1, Wherein the cooling 
system is connected to the dies. 

6. The apparatus de?ned in claim 1, Wherein the rolls are 
con?gured and arranged to cause the opposing edge portions 
of the strip to abut. 

7. The apparatus de?ned in claim 6, including a Welder 
con?gured to Weld the opposing edge portions together to 
form the beam as a permanent continuous tube. 

8. The apparatus de?ned in claim 7, including a cut-off 
device for cutting the permanent continuous tube into beam 
segments. 

9. The apparatus de?ned in claim 1, including a controller 
for controlling the press, the roll-former, and the cooling 
system in a coordinated manner. 

10. The apparatus de?ned in claim 1, including a sWeep 
station con?gured to impart a longitudinally curved shape to 
the beam. 

11. The apparatus de?ned in claim 1, Wherein the dies are 
con?gured to form ?at mounting surfaces. 

12. An apparatus adapted to form a reinforcement beam 
comprising: 

a heater con?gured to heat steel material to a temperature 
of at least about 8500 C.; 

a press including dies con?gured to deform a continuous 
strip of hot steel material; 

a cooling system associated With the press for quenching 
and hardening the hot steel material; and 

a roll-former positioned in-line With the press and doWn 
stream of the cooling system and having rolls con?g 
ured and arranged to receive the strip in the feed 
direction and shape edge portions of the deformed strip 
into a reinforcement beam. 

13. A method comprising steps of: 

hot-stamping a sheet of heated steel material having a ?rst 
tensile strength, including draWing and stretching the 
material; 
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quenching the stamped sheet to cause the material to have 
a higher tensile strength; and 

roll-forming portions of the stamped sheet by use of a 
roll-forming mill into a beam. 

14. The method de?ned in claim 13, Wherein the step of 
roll-forming is done along edge portions of the sheet gen 
erally outboard of a center portion of the sheet. 

15. The method de?ned in claim 13, Wherein the material 
has a yield strength after quenching of at least about 1000 
MPa. 

16. The method de?ned in claim 13, Wherein the material 
has a tensile strength after quenching of at least about 1500 
MPa. 

17. The method de?ned in claim 13, including abutting 
and then Welding edges of the sheet together to form a 
permanent tube. 

18. The method de?ned in claim 13, including a step of 
sWeeping the continuous beam into a longitudinal curvilin 
ear shape. 

19. The method de?ned in claim 18, Wherein the step of 
stamping includes forming mounting surfaces on the ?rst 
strip portion, the mounting surfaces being con?gured to 
engage and be secured to vehicle frame rails. 

20. A method of forming a reinforcement beam compris 
ing steps of: 

providing a heater; 

providing a press including forming dies at a location 
doWnstream of the heater and also a cooling system 
associated With the press; 

providing a roll-former having rolls in-line and doWn 
stream of the press; 

heating a strip of material; 

operating the dies to deform the strip of material by 
draWing the hot material and thereafter quickly cooling 
the material; and 

operating rolls of a roll-forming mill to receive the strip 
in a feed direction and shape edge portions of the 
deformed strip into a reinforcement beam. 


