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(57) ABSTRACT 

A crash box for placement between a bumper beam and a side 
rail of a motor vehicle includes a longitudinal pro?le made of 
tWo U-shaped shells having overlapping ends siZed to realiZe 
a material doubling for increasing side stiffness and to suit the 
side stiffness to a load level. A ?ange plate is provided on a 
side-rail-proximal end of the longitudinal pro?le and has an 
opening for passage of the longitudinal pro?le. The side-rail 
proximal end of the longitudinal pro?le is con?gured With a 
collar Which is turned outWards. The collar rests against the 
?ange plate and is joined With the ?ange plate. In the event of 
a collision, the longitudinal pro?le of the crash box is moved 
into the side rail as the longitudinal pro?le folds into the side 
rail starting from the ?ange plate, While the side-rail-proximal 
end of the longitudinal pro?le remains secured to the ?ange 
plate. 
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CRASH BOX AND BUMPER FOR A MOTOR 
VEHICLE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the priority of German 
Patent Application, Serial No. 10 2007 012 137.9, ?led Mar. 
12, 2007, pursuant to 35 U.S.C. ll9(a)-(d), the content of 
Which is incorporated herein by reference in its entirety as if 
fully set forth herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a crash box for 
placement betWeen a bumper beam and a side rail of a motor 
vehicle, and to a bumper provided With such a crash box. 
[0003] Nothing in the following discussion of the state of 
the art is to be construed as an admission of prior art. 
[0004] A standard bumper is typically mounted on the front 
or rear of a motor vehicle to absorb impact energy and thereby 
prevent damage to the vehicle structure in the event of a 
frontal or rear impact. The bumper typically includes a 
bumper beam Which is mounted to the side rails of the vehicle 
frame through intervention of crash boxes. The bumper beam 
is provided to introduce energy, generated in the event of a 
collision, into the crash boxes Which convert the impact 
energy into deformation Work. The bumper structure is typi 
cally constructed in such a manner that the crash boxes are 
typically situated in midsection on the side rails and the 
impact energy is transferred via the bumper beam With small 
est possible ?exing into the crash boxes and ultimately into 
the side rails. 
[0005] German Offenlegungsschrift DE 43 16 164 Al 
describes a bumper Which includes a slide-in tube made of 
tWo longitudinal sections of different cross sections. The 
longitudinal section With the smaller cross-section is ?xedly 
connected to the bumper beam, Whereas the longitudinal sec 
tion With the greater cross section is mounted on the chassis of 
the motor vehicle. In the event of an impact, the smaller 
longitudinal section deforms into the greater longitudinal 
section, causing the Wall of the longer section to fold back and 
to roll off the greater longitudinal section. Slide-in tubes of 
this type afford only little lateral stiffness. 
[0006] A problem common to conventional bumpers is the 
fact that the available space for energy absorption is not 
utiliZed effectively in the event of an impact because the crash 
boxes form a block When deformed, thereby reducing the 
deformation path. 
[0007] It Would therefore be desirable and advantageous to 
address this problem and to obviate other prior art shortcom 
rngs. 

SUMMARY OF THE INVENTION 

[0008] According to one aspect of the present invention, a 
crash box for installation betWeen a bumper beam and a side 
rail of a motor vehicle includes a longitudinal pro?le made of 
tWo U-shaped shells having overlapping ends siZed to realiZe 
a material doubling for increasing a side stiffness and to suit 
the side stiffness to a load level, and a ?ange plate provided on 
a side-rail-proximal end of the longitudinal pro?le and having 
an opening for passage of the longitudinal pro?le, Wherein the 
side-rail-proximal end of the longitudinal pro?le is con?g 
ured With a collar Which is turned outWards, With the collar 
resting against and joined With the ?ange plate. 
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[0009] The overlapping ends of the shells may be joined 
together, eg by a rolling Welding seam. Likewise the collar 
may be joined to the ?ange plate through a Welding operation. 
[0010] By doubling the material in the area of the overlap 
ping legs of the shells, the crash box receives a high side 
stiffness Which can be suited to various loads, depending on 
the vehicle type, by adjusting the area of overlap. The high 
side stiffness also provides bene?ts in the event the vehicle is 
toWed. 

[0011] Energy absorption capability of the crash box is 
optimiZed because the longitudinal pro?le shifts in the event 
of a collision in length direction and is folded into the interior 
of the side rail. The longitudinal pro?le is pushed through the 
opening in the ?ange plate into the side rail of the vehicle 
frame. In this Way, the available space can be used in its 
entirety as deformation path. The even deformation causes a 
substantially constant force level. Overall, the energy absorp 
tion capability is signi?cantly increased. 
[0012] According to another feature of the present inven 
tion, the collar may be turned inWards in a direction of the 
longitudinal pro?le. The collar may hereby be con?gured to 
Wrap around a circumference of the longitudinal pro?le in the 
form of a ring. Suitably, the collar is formed of collarportions, 
With one of the collar portions formed in one piece With one 
of the shells, and With the other one of the collar portions 
formed in one piece With the other one of the shells. 

[0013] The longitudinal pro?le rests With the collar upon 
the side-rail-distal side of the ?ange plate, i.e. on the ?ange 
plate side Which is adjacent to the side rail, and is Welded to 
the ?ange plate in this area. This may be realiZed by a con 
tinuous, circumferential Welding seam, or intermittent Weld 
ing seam, or spot Welding seam. The stiffness of the collar 
may be adjusted by varying the geometric con?guration of the 
collar, such as length of its marginal legs, radius of deforma 
tion and angle of the margin legs of the collar in relation to the 
body of the longitudinal pro?le. In this Way, the functionally 
desired folding operation and its initialiZation can be con 
trolled and triggered in the event of impact. 
[0014] According to another feature of the present inven 
tion, the longitudinal pro?le may have rounded corners. The 
longitudinal pro?le is thus substantially rectangular With 
rounded length edges, as vieWed in vertical cross section. As 
a result, side stiffness is further improved and positively 
affects the deformation and folding process. 
[0015] According to another feature of the present inven 
tion, the longitudinal pro?le may have a bumper-beam-proxi 
mal end in the form of a slanted end surface. In this Way, the 
leading end surface can thus be best suited to various geom 
etries of the bumper beam to simplify assembly. 
[0016] To adjust transverse stiffness and side stiffness as 
Well as the section modulus, the shells may be made of dif 
ferent material, eg a combination of steels of different 
strength. Also, the material for the shells and the ?ange plate 
may differ. Moreover, the longitudinal pro?le may have vary 
ing Wall thickness. It is further conceivable to provide the 
shells and/or the ?ange plate of different Wall thickness. All 
these measures alloW adjustment of the stiffness behavior and 
adjustment of a targeted deformation behavior of the crash 
box. 

[0017] The longitudinal pro?le may also be manufactured 
With Zones of different material strength through proper heat 
treatment. In this Way, the folding process can be adjusted in 
dependence on the strength pattern. 
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[0018] According to another aspect of the present inven 
tion, a bumper for a motor vehicle includes a bumper beam 
extending transversely to side rails of a motor vehicle, and a 
crash box arranged betWeen the bumper beam and one of the 
side rails, With the crash box including a longitudinal pro?le 
made of tWo U-shaped shells having overlapping ends siZed 
to realiZe a material doubling for increasing a side stiffness 
and to suit the side stiffness to a load level, and a ?ange plate 
provided on a side-rail-proximal end of the longitudinal pro 
?le and having an opening for passage of the longitudinal 
pro?le, Wherein the side-rail-proximal end of the longitudinal 
pro?le is con?gured With a collar Which is turned outWards, 
With the collar resting against and j oined With the ?ange plate, 
Wherein the longitudinal pro?le of the crash box is con 
structed for movement into the side rail in the event of an 
impact. 
[0019] The crash box is constructed such as to be able to 
completely fold into the side rail. As a result, more energy can 
be absorbed as no remaining block length exists and the 
available deformation path is fully utiliZed. 
[0020] In the event of an impact, the longitudinal pro?le is 
pushed into the open end of the side rail, While the side-rail 
proximal end of the longitudinal pro?le remains secured to 
the ?ange plate. The longitudinal pro?le thus everts in the 
attachment Zone With the ?ange plate and rolls into the side 
rail. The collar is hereby con?gured to act as initiator for the 
folding process. 

BRIEF DESCRIPTION OF THE DRAWING 

[0021] Other features and advantages of the present inven 
tion Will be more readily apparent upon reading the folloWing 
description of currently preferred exempli?ed embodiments 
of the invention With reference to the accompanying draWing, 
in Which: 
[0022] FIG. 1 is a fragmentary perspective vieW of a 
bumper structure having incorporated a crash box according 
to the present invention for attachment to a side rail of a motor 

vehicle; 
[0023] FIG. 2 is a rear, top and side perspective vieW of the 
crash box; 
[0024] FIG. 3 is a front, top and side perspective vieW of the 
crash box; 
[0025] FIG. 4 is a front, top and side perspective vieW of a 
longitudinal pro?le of the crash box; 
[0026] FIG. 5 is a top and side perspective vieW of the 
longitudinal pro?le; 
[0027] FIG. 6 is a front and side perspective vieW of the 
longitudinal pro?le; 
[0028] FIG. 7 is a front and side perspective vieW of a 
modi?ed longitudinal pro?le of the crash box; 
[0029] FIG. 8 is a front vieW of one shell of the longitudinal 
pro?le of FIG. 7; 
[0030] FIG. 9 is a front vieW of another shell of the longi 
tudinal pro?le of FIG. 7; 
[0031] FIG. 10 is a front, top and side perspective vieW of a 
modi?ed crash box; and 
[0032] FIG. 11 is a rear, top and side perspective vieW of the 
crash box of FIG. 10. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0033] Throughout all the ?gures, same or corresponding 
elements may generally be indicated by same reference 
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numerals. These depicted embodiments are to be understood 
as illustrative of the invention and not as limiting in any Way. 
It should also be understood that the ?gures are not necessar 
ily to scale and that the embodiments are sometimes illus 
trated by graphic symbols, phantom lines, diagrammatic rep 
resentations and fragmentary vieWs. In certain instances, 
details Which are not necessary for an understanding of the 
present invention or Which render other details di?icult to 
perceive may have been omitted. 
[0034] Turning noW to the draWing, and in particular to 
FIG. 1, there is shoWn a fragmentary perspective vieW of a 
bumper structure having incorporated a crash box according 
to the present invention, generally designated by reference 
numeral 1, for attachment to a side rail 2 of a motor vehicle. 
The crash box 1 is arranged betWeen an unillustrated bumper 
beam and the side rail 2 to assume the function of a deforma 
tion element for energy absorption. 
[0035] As also shoWn in FIGS. 2 and 3, the crash box 1 is 
made of metal and includes a longitudinal pro?le 3 in shell 
construction comprised of tWo shells 4, 5 Which can be of 
identical con?guration, as shoWn by Way of example in par 
ticular in FIGS. 8 and 9. The shells 4, 5 have a U-shaped 
con?guration With a Web 6, 7 and tWo side legs 8, 9, and 10, 
11, respectively, as shoWn in FIG. 4. The shells 4, 5 have 
complementary con?guration, With the side legs 8, 9; 10, 11 
having overlapping ends, designated by reference symbol U. 
The overlapping ends of the side legs 8, 9; 10, 11 are joined 
together, eg by a rolling Welding seam, in the respective 
overlap Zones U. The side stiffness of the crash box 1 can be 
varied by adjusting the length of the side legs 8, 9; 10, 11 and 
the siZe of the overlap in the overlap Zone U. 
[0036] As indicated in FIGS. 6 by reference numerals 12, 
13, the longitudinal pro?le 3 has rounded corners or length 
edges so that manufacture is facilitated and implementation 
of a desired deformation process is realiZed. 
[0037] A ?ange plate 14 is provided on the longitudinal 
pro?le 3 on a side proximal to the side rail 2, for attachment 
of the crash box 1 to the side rail 2 via mounting openings 15 
(FIGS. 1-3). The ?ange plate 14 is formed With a central 
opening 20 of generally rectangular con?guration to conform 
to a generally rectangular cross section of the longitudinal 
pro?le 3. Using a rectangular shape of the longitudinal pro?le 
3 results in a greater section modulus and increased transverse 
stiffness. The longitudinal pro?le 3 extends through the open 
ing 20 and rests With its collar 17 against a longitudinal 
pro?le-distal side of the ?ange plate 14. The collar 17 is 
hereby Welded to the ?ange plate 14 to secure the longitudinal 
pro?le 3 on the ?ange plate 14. 
[0038] As can be seen in particular in FIGS. 4-7, the lon 
gitudinal pro?le 3 has a side-rail-proximal end 16 Which is 
con?gured With an outWardly folded collar 17. The collar 17 
is turned outWards in the direction of the longitudinal pro?le 
3 and extends in the form of a ring radially about the circum 
ference of the longitudinal pro?le 3. The collar 17 of the 
longitudinal pro?le 3 is made of collar portions 18, 19 Which 
are formed in one piece With the shells 4, 5, respectively, as 
shoWn in particular in FIGS. 8 and 9. 
[0039] The collar portions 18, 19 of the collar 17 are each 
formed in cross section With an arcuate portion 22 Which has 
a radius R extending from the side-rail-distal end 16 to a 
straight marginal leg 23. The marginal leg 23 of each collar 17 
extends hereby at an angle 0t in the direction of the longitu 
dinal pro?le 3, as shoWn in FIG. 8. The angle 0t betWeen the 
Wall of the longitudinal pro?le 3 and the collar 17 ranges 
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between 200 and 70°, preferably between 400 and 50°. Cur 
rently preferred is an angle 0t of 45°. As a result, the folding 
operation is initiated in an optimum manner and the longitu 
dinal pro?le 3 can easily be attached to the ?ange plate 14. 
The radius R of the arcuate portion 22 varies circumferen 
tially in the course of the collar portions 18, 19 so that the 
collar portions 18, 19 ?t snugly With one another, When the 
shells 4, 5 are joined. 
[0040] The con?guration of the longitudinal pro?le 3 can 
be suited to the geometry of a bumper beam by providing the 
longitudinal pro?le 3, When installing the crash box 1 in a 
motor vehicle, With a bumper-beam-proximal end 24 Which 
has a slanted end surface 25. 
[0041] In the event of a collision, the longitudinal pro?le 3 
moves in longitudinal direction through the opening 20 in the 
?ange plate 14 and folds as it enters the open end 26 of the side 
rail 2, While the longitudinal pro?le 3 remains attached via the 
collar 17 onto the ?ange plate 14. The material of the longi 
tudinal pro?le 3 crumples through the opening inWards and 
rolls through the area of the collar 17 into the side rail 2. As a 
result, energy is absorbed in an optimum manner in the event 
of an impact and the available space in the side rail 2 can be 
used in its entirety as deformation path. The deformation is 
hereby effected at substantially constant force level With sig 
ni?cantly increased energy absorption capability. 
[0042] The stiffness behavior of the crash box 1 as Well as 
the deformation behavior can be adjusted by making the 
shells 4, 5 and/ or the ?ange plate 14 of different materials, eg 
of steels of different strength. Also the Wall thickness of the 
longitudinal pro?le 3 may vary in longitudinal direction, or 
the shells 4, 5 and the ?ange plate 14 may be made of different 
Wall thicknesses. 
[0043] Referring noW to FIGS. 10 and 11, there are shoWn 
tWo perspective vieWs of a modi?ed crash box, generally 
designated by reference numeral 100. Parts corresponding 
With those in FIG. 1 are denoted by identical reference numer 
als and not explained again. The description beloW Will center 
on the differences betWeen the embodiments. In this embodi 
ment, provision is made for attachment, eg through a Weld 
ing operation, of the collar 17 of the longitudinal pro?le 3 to 
the ?ange plate 14 on the longitudinal-pro?le-proximal side 
of the ?ange plate 14. 
[0044] While the invention has been illustrated and 
described in connection With currently preferred embodi 
ments shoWn and described in detail, it is not intended to be 
limited to the details shoWn since various modi?cations and 
structural changes may be made Without departing in any Way 
from the spirit of the present invention. The embodiments 
Were chosen and described in order to best explain the prin 
ciples of the invention and practical application to thereby 
enable a person skilled in the art to best utiliZe the invention 
and various embodiments With various modi?cations as are 
suited to the particular use contemplated. 
[0045] What is claimed as neW and desired to be protected 
by Letters Patent is set forth in the appended claims and 
includes equivalents of the elements recited therein: 

What is claimed is: 
1. A crash box for placement betWeen a bumper beam and 

a side rail of a motor vehicle, said crash box comprising: 
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a longitudinal pro?le made of tWo U-shaped shells having 
overlapping ends siZed to realiZe a material doubling for 
increasing a side stiffness and to suit the side stiffness to 
a load level; and 

a ?ange plate provided on a side-rail-proximal end of the 
longitudinal pro?le and having an opening for passage 
of the longitudinal pro?le, Wherein the side-rail-proxi 
mal end of the longitudinal pro?le is con?gured With a 
collar Which is turned outWards, said collar resting 
against and joined With the ?ange plate. 

2. The crashbox of claim 1, Wherein the shells are identical. 
3. The crash box of claim 1, Wherein the collar is turned in 

a direction of the longitudinal pro?le. 
4. The crash box of claim 1, Wherein the collar is con?g 

ured to Wrap around a circumference of the longitudinal pro 
?le in the form of a ring. 

5. The crash box of claim 1, Wherein the collar is joined to 
a longitudinal-pro?le-distal side of the ?ange plate. 

6. The crash box of claim 1, Wherein the collar is joined to 
a longitudinal-pro?le-proximal side of the ?ange plate. 

7. The crash box of claim 1, Wherein the collar is formed of 
collar portions, With one of the collar portions formed in one 
piece With one of the shells, and With the other one of the 
collar portions formed in one piece With the other one of the 
shells. 

8. The crash box of claim 1, Wherein the longitudinal 
pro?le has rounded comers. 

9. The crash box of claim 1, Wherein the longitudinal 
pro?le has a bumper-beam-proximal end With a slanted end 
surface. 

10. The crash box of claim 1, Wherein the shells are made 
of different material. 

11. The crash box of claim 1, Wherein the shells and the 
?ange plate are made of different material. 

12. The crash box of claim 1, Wherein the longitudinal 
pro?le has a varying Wall thickness. 

13. The crash box of claim 1, Wherein the shells are made 
of different Wall thickness. 

14. The crash box of claim 1, Wherein the shells and the 
?ange plate are made of different Wall thickness. 

15. A bumper for a motor vehicle, comprising: 
a bumper beam extending transversely to side rails of a 

motor vehicle; and 
a crash box arranged betWeen the bumper beam and one of 

the side rails, said crash box including a longitudinal 
pro?le made of tWo U-shaped shells having overlapping 
ends siZed to realiZe a material doubling for increasing a 
side stiffness and to suit the side stiffness to a load level, 
and a ?ange plate provided on a side-rail-proximal end 
of the longitudinal pro?le and having an opening for 
passage of the longitudinal pro?le, Wherein the side-rail 
proximal end of the longitudinal pro?le is con?gured 
With a collar Which is turned outWards, said collar rest 
ing against and joined With the ?ange plate, Wherein the 
longitudinal pro?le of the crash box is constructed for 
movement into the side rail. 

16. The bumper of claim 15, Wherein the longitudinal pro 
?le is constructed for crumpling into the side rail starting from 
the ?ange plate, While the side-rail-proximal end of the lon 
gitudinal pro?le remains secured to the ?ange plate. 

* * * * * 


