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The reinforcement element for reinforcing the structure of a 
door of a vehicle extends along a main direction and 
comprises at least a main portion having a reinforcing 
cross - section ( 40 ) extending in a plane substantially perpen 
dicular to the main direction . The reinforcing cross - section 
( 40 ) includes at least four adjacent branches ( 42a , 42b , 42c , 
420 , 42e , 42f , 42g ) , each extending in different directions , 
two successive branches forming a non - zero angle , at least 
two of the non - zero angles being of opposite signs . 
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REINFORCEMENT ELEMENT FOR A 
VEHICLE , METHOD FOR PRODUCING THE 

SAME AND DOOR ASSEMBLY 

[ 0001 ] The present invention concerns a reinforcement 
element for reinforcing the structure of a door of a vehicle , 
said reinforcement element extending along a main direction 
and comprising at least a main portion having a reinforcing 
cross - section extending in a plane substantially perpendicu 
lar to the main direction . 

BACKGROUND 
[ 0002 ] There is a general demand for automotive vehicle 
body structures which provide a high degree of safety for the 
occupants during collisions and other situations involving 
very high loads due to impact forces acting on the vehicle . 
10003 ] In order to obtain a high degree of safety for the 
occupants of a vehicle , the body structure of the vehicle 
must be designed so as to provide a high strength and a high 
resistance to impact forces , by absorbing and distributing the 
impact forces in an effective manner . This is generally 
achieved by means of various reinforcement structures and 
components in the vehicle . 
[ 0004 ] In particular , in order to minimize the safety hazard 
caused by an intrusion into the passenger compartment in a 
side impact accident , it is known to provide the doors of a 
vehicle with structural reinforcement elements , in the form 
of beams or other reinforcement components which are 
suitably arranged inside the door , i . e . between the inner and 
outer panels of the door . In this manner , the structural 
reinforcements provide absorption and distribution of 
impact forces during a collision , in particular involving a 
side impact against the doors . 
[ 0005 ] When designing such a reinforcement element , 
several requirements , often conflicting with each other , must 
be complied with . Indeed , it is desirable to optimize the 
performance of the reinforcement element so as to insure the 
absorption of an important quantity of energy during the 
absorption of impact loads , principally bending loads and a 
significant deflection before failure . At the same time , the 
reinforcement element , placed between the inner and outer 
panels of the door , should have a relatively small cross 
section , in order to avoid interferences with other structures 
and mechanisms also placed within the door , for example the 
door glass when the door window is open and the mecha 
nisms used to operate the door glass . 
[ 0006 ] . Furthermore , it is desirable to reduce the overall 
weight of the vehicle , in order to reduce the energy con 
sumption of the vehicle , so as to meet the future environ 
ment requirements . 

forming a non - zero angle , at least two of said non - zero 
angles being of opposite signs . 
[ 0009 ] . In particular , the invention relates to a reinforce 
ment element for reinforcing the structure of a door of a 
vehicle , said reinforcement element extending along a main 
direction and comprising at least a main portion having a 
reinforcing cross - section extending in a plane substantially 
perpendicular to the main direction , characterized in that the 
reinforcing cross - section comprises at least four adjacent 
branches , each extending in different directions , two suc 
cessive branches forming a non - zero angle , at least two of 
said non - zero angles being of opposite signs , said adjacent 
branches comprising a first branch , a second branch and a 
third branch , said first branch forming with said second 
branch a first non - zero angle , said second branch forming 
with said third branch a second non - zero angle , the first 
non - zero angle and the second non - zero angle being of the 
same sign , the first branch and the second branch being 
joined together by a first arcuate junction , the second branch 
and the third branch being joined together by a second 
arcuate junction , the radiuses of curvature of said first 
arcuate junction and said second arcuate junction being 
substantially comprised between 5 mm and d / 2 , wherein dis 
a distance between said first branch and said third branch . 
[ 0010 ] The first branch extends substantially in a first 
plane , the second branch extends substantially in a second 
plane , and the third branch extends substantially in a third 
plane , the first plane and the second plane intersecting along 
a first intersection line , and the second plane and the third 
plane intersecting along a second intersection line , the first 
and second intersection lines being substantially parallel . d 
is the distance between the first intersection line and the 
second intersection line . 
[ 0011 ] Owing to the geometry of the main section , the 
reinforcement element may absorb an important amount of 
energy before bending and thus provides an improved resis 
tance to impacts , as compared to planar reinforcement 
elements , without requiring a large cross - section . 
[ 0012 ] According to other advantageous aspects of the 
invention , the reinforcement element comprises one or more 
of the following features , considered alone or according to 
any technically possible combination : 
[ 0013 ] at least part of the main portion is made of a press 
hardening steel having a tensile strength higher than or equal 
to 1300 MPa ; 
[ 0014 ] the press hardening steel is Usibor? ; 
[ 0015 ] in the reinforcing cross - section comprises at least 
five adjacent branches , each extending in different direc 
tions , a first branch forming with a second branch a first 
non - zero angle , the second branch forming with a third 
branch a second non - zero angle , the third branch forming 
with a fourth branch a third non - zero angle , the fourth 
branch forming with a fifth branch a fourth non - zero angle , 
said first and second angles being of the same sign , said third 
and fourth angles being of a sign opposite to the sign of the 
first and second angles ; 
[ 0016 ] the non - zero angles are substantially comprised , in 
absolute value , between 80° and 90° ; 
[ 0017 ] two successive branches are joined together by an 
arcuate junction ; 
[ 0018 ] the radius of curvature of the arcuate junction is 
substantially comprised between 5 mm and 15 mm ; 

SUMMARY OF THE INVENTION 

[ 0007 ] It is an object of the present invention to provide a 
reinforcement element having reduced thickness and weight 
and still insuring an improved resistance to side impacts . 
10008 ] . To that end , the invention relates to a reinforcement 
element for reinforcing the structure of a door of a vehicle , 
said reinforcement element extending along a main direction 
and comprising at least a main portion having a reinforcing 
cross - section extending in a plane substantially perpendicu 
lar to the main direction , characterized in that the reinforcing 
cross - section comprises at least four adjacent branches , each 
extending in different directions , two successive branches 
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[ 0019 ] the length of at least one of the branches and / or the 
absolute value of at least one of the angles of the reinforcing 
cross - section vary along the main direction . 
[ 0020 ] The invention also relates to a door assembly of a 
vehicle , comprising a door structure comprising a window 
frame and a door panel , characterized in that it further 
comprises a reinforcement element according to the inven 
tion extending across the door panel . 
[ 0021 ] According to other advantageous aspects of the 
invention , the door assembly comprises one or more of the 
following features , considered alone or according to any 
technically possible combination : 
[ 0022 ] the door structure is made of a metallic material 
different from the material of the reinforcement element ; 
[ 0023 ] the door panel is delimited by a front edge , a rear 
edge substantially parallel to the front edge , a lower edge 
and an upper edge extending between the ends of the front 
edge and the rear edge , said upper edge defining an edge of 
the window frame , the reinforcement element extending 
from the front edge to the rear edge between the upper edge 
and the lower edge and being substantially parallel to the 
upper edge . 
[ 0024 ] The invention also relates to a vehicle comprising 
a door assembly according to the invention . 
[ 0025 ] The invention also relates to a method for produc 
ing a reinforcement element according to the invention , 
comprising the following steps : 
[ 0026 ] hot stamping a reinforcement element blank to 
shape the reinforcement cross section of the main portion , 
10027 ] cooling down the reinforcement element at a cool 
ing rate superior or equal to 27° C . / s in order to obtain a 
structure consisting of martensite . 

[ 0037 ] The door structure 5 comprises a door panel 20 and 
a window frame 22 . 
[ 0038 ] The door panel 20 is a door inner panel , which is 
destined to be joined to a door outer panel ( not represented ) . 
When joined together , the door inner panel 20 and the door 
outer panel define a central space having a front which faces 
the front of the vehicle and a back which faces the back of 
the vehicle . 
100391 . The door inner panel 20 is delimited by a front edge 
20a , a rear edge 20 , a lower edge 20c and an upper edge 
20d . The front edge 20a and the rear edge 20b are substan 
tially parallel to each other , and extend in a substantially 
vertical direction . The lower edge 20c and the upper edge 
20d extend between the ends of the front edge 20a and the 
rear edge 205 . The lower edge 20c and the upper edge 20d 
are substantially parallel to each other , and extend in a 
substantially horizontal direction . 
[ 0040 ] The window frame 22 defines an opening 24 des 
tined to receive a door glass . The window frame 22 is 
delimited by a front edge 22a , a rear edge 22b , a lower edge 
22c and an upper edge 22d . The lower edge 22c is defined 
by the upper edge 20d of the door inner panel 20 . The lower 
edge 22c and the upper edge 22d are substantially parallel to 
each other , and extend in a substantially horizontal direction . 
The front edge 22a and the rear edge 20b extend between the 
ends of the lower edge 22c and the upper edge 22d . The rear 
edge 20b extends in a substantially vertical direction . The 
front edge 22a extends frontward and downward , in an 
oblique direction , from the front end of the upper edge 22d 
to the front end of the lower edge 22c . The front edge 22a , 
the rear edge 22b , the lower edge 22c and the upper edge 22d 
define the opening 24 . 
[ 0041 ] For example , the window frame 22 is made integral 
with the door inner panel 20 . 
[ 0042 ] The door inner panel 20 and the window frame 22 
are made of steel , for example a high formability steel . The 
steel may be coated or uncoated . 
[ 0043 ] For example , the door inner panel 20 has a thick 
ness of 0 . 65 mm . 
[ 0044 ] For example , the window frame 22 has a thickness 
of 1 . 1 mm . 
[ 0045 ] The door structure 5 is for example produced by 
stamping a laser welded blank , which is formed by assem 
bling several blanks by welding . 
[ 0046 ] The waist reinforcement element 13 is attached to 
the door inner panel 20 at the front edge 20a , for example 
by welding or bolting . 
[ 0047 ] The waist reinforcement element 13 is made of 
steel , for example of a cold formed steel having a tensile 
strength comprised between 390 MPa and 450 MPa and a 
yield strength comprised between 300 MPa and 360 MPa . 
[ 0048 ] The hinge reinforcement elements 9 and 11 com 
prise an upper hinge reinforcement element 9 and a lower 
hinge reinforcement element 11 . The upper and lower hinge 
reinforcement elements 9 and 11 are attached to the door 
inner panel 20 , on the outer side of the door inner panel 20 , 
so as to be received within the central space formed between 
the door inner panel 20 and the door outer panel . 
[ 0049 ] The upper and lower hinge reinforcement elements 
9 and 11 provide reinforcement to the door inner panel 20 in 
the areas of the hinges which join the door assembly 3 to the 
vehicle body . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0028 ] Other features and advantages of the invention will 
be better understood from a reading of the following 
description , given with reference to the appended drawings , 
in which : 
[ 0029 ] FIG . 1 shows a door assembly according to a 
particular embodiment ; 
( 0030 ) FIG . 2 shows a perspective view of a reinforcement 
element of the door assembly of FIG . 1 ; 
10031 ] FIG . 3 shows a cross - section along line III - III of 
the reinforcement element of FIG . 2 ; 
[ 0032 ] FIGS . 4 to 8 illustrate successive steps of a method 
for producing the reinforcement element of FIG . 2 . 

DETAILED DESCRIPTION 
[ 0033 ] In the following description , the terms inner , outer , 
front , rear , transversal , longitudinal , vertical and horizontal 
are construed with reference to the usual orientation of the 
illustrated elements , parts or structures when assembled on 
a vehicle structure . 
[ 0034 ] A door assembly 3 of an automotive vehicle 
according to an embodiment is illustrated on FIG . 1 . 
[ 0035 ] The door assembly 3 of this exemplary embodi 
ment is a front driver - side door of a passenger vehicle , for 
example a pickup truck . 
[ 0036 ) . The door assembly 3 comprises a door structure 5 
and a reinforcement element 7 . The door assembly 3 further 
comprises hinge reinforcement elements 9 and 11 , and a 
waist reinforcement element 13 . 
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[ 0050 ] The upper and lower hinge reinforcement elements 
9 and 11 are made of steel , preferably of a press hardened 
steel which , once pressed , has a tensile strength higher than 
or equal to 1300 MPa . 
[ 0051 ] For example , the press - hardened steel has a com 
position comprising , in % weight , 0 . 10 % sCs0 . 5 % , 
0 . 5 % sMns3 % , 0 . 1 % sSis1 % , 0 . 01 % sCrs1 % , Tis0 . 2 % , 
Als0 . 1 % , S < 0 . 05 % , P < 0 . 1 % , 0 . 0005 % sBs0 . 010 % , the 
remainder consisting of iron and unavoidable impurities 
resulting from the production . 
[ 0052 ] The press hardened steel is for example Usibor® , 
in particular Usibor® 1500 or Usibor® 2000 . 
[ 0053 ] The steel may be coated or uncoated . 
[ 0054 ] The reinforcement element 7 is in the form of a 
door beam . 
[ 0055 ] In the event of a side impact collision , the rein 
forcement element 7 is destined to absorb energy from the 
impact forces to prevent collapse and failure of the other 
portions of the door assembly 3 , so as to protect the 
occupants of the vehicle . 
[ 0056 ] When attached to the door inner panel 20 , the 
reinforcement element 7 extends across the door inner panel 
20 , lengthwise between the front edge 20a and the rear edge 
206 . When the door inner panel 20 and the door outer panel 
are joined together , the reinforcement element 7 extends 
across lengthwise between the front and the rear of the 
central space formed between the door inner panel 20 and 
the door outer panel . 
[ 0057 ) . The reinforcement element 7 extends between the 
front edge 20a and the rear edge 20 along a main direction , 
for example along a substantially horizontal longitudinal 
direction . 
10058 ] The reinforcement element 7 is thus substantially 
parallel to the upper edge 20d or the door inner panel 20 . 
[ 0059 ] The reinforcement element 7 comprises a main 
portion 30 and two end portions , namely a front end portion 
32a and a rear end portion 32b . The main portion 30 extends 
between the front and rear end portions 32a , 32b . 
[ 0060 ] The reinforcement element 7 is destined to be 
attached to the door inner panel 20 by means of the front and 
rear end portions 32a , 32b , for example by welding . 
[ 0061 ] The main portion 30 generally comprises an inner 
face , destined to be oriented towards the door inner panel 20 
when the reinforcement element 7 is attached to the door 
inner panel 20 , and an outer face , destined to be oriented 
towards the door outer panel . 
[ 0062 ] As shown in more details on FIGS . 2 and 3 , the 
main portion 30 has a reinforcing cross - section 40 extending 
in a plane substantially perpendicular to the main direction . 
[ 0063 ] The reinforcing cross - section 40 generally com 
prises at least four adjacent branches 42 , each extending in 
different directions , each set of two successive branches 
forming a non - zero angle , at least two of said non - zero 
angles being of opposite signs . 
[ 0064 ] The reinforcing cross - section 40 thus has a folded 
shape . 
[ 0065 ] Owing to this folded shape , when the reinforce 
ment element 7 is subjected to an impact , it first unfolds 
before bending . Therefore , the reinforcement element 7 
protects the occupants of the vehicle by avoiding intrusions 
into the passenger compartment and may absorb a great 
quantity of energy , firstly by unfolding , and then by bending 

[ 0066 ] Preferably , the non - zero angles are substantially 
comprised , in absolute value , between 80° and 90° , prefer 
ably between 85° and 90° . 
[ 0067 ] Owing to the high value of the non - zero angles , 
unfolding the reinforcement element 7 requires an important 
quantity of energy , so that during an impact , the reinforce 
ment element 7 may absorb an important quantity of energy 
before bending . 
[ 0068 ] Furthermore , as explained in further details below , 
the adjacent branches 42 comprise a first branch , a second 
branch and a third branch , the first branch forming with the 
second branch a first non - zero angle , the second branch 
forming with the third branch a second non - zero angle , the 
first non - zero angle and the second non - zero angle between 
of the same sign . The first branch extends substantially in a 
first plane , the second branch extends substantially in a 
second plane , and the third branch extends substantially in 
a third plane , the first , second and third planes being distinct . 
[ 0069 ] The first branch and the second branch are joined 
together by a first arcuate junction , and the second branch 
and the third branch are joined together by a second arcuate 
junction . 
[ 0070 ] Such arcuate junctions indeed provide a lower 
stress concentration coefficient Kt than an acute junction . 
[ 0071 ] The radiuses of curvature of the first and second 
arcuate junctions are substantially comprised between 5 mm 
and d / 2 , d being the distance between the first branch and the 
third branch . This distance d is the distance between the first 
and third planes as measured in the second plane . 
[ 0072 ] More specifically , the first plane and the second 
plane intersect along a first intersection line , and the second 
plane and the third plane intersect along a second intersec 
tion line . The first and second intersection lines are substan 
tially parallel . The distance d is thus the distance between the 
first intersection line and the second intersection line . 
[ 0073 ] For example , the distance d , as defined above , 
between the first and the third branch is 30 mm . In this 
example , the radiuses of curvature of the first and second 
arcuate junctions are substantially comprised between 5 mm 
and 15 mm . 
[ 0074 ] Owing to this value of the radiuses of curvature , a 
reinforcement element 7 having satisfactory and uniform 
mechanical properties can be obtained . 
[ 0075 ] Indeed , as disclosed in further details below , the 
reinforcement element 7 is for example produced by hot 
stamping a substantially planar reinforcement element 
blank . During the stamping , owing to the selected values of 
the radiuses of curvature , the contact surface between the 
dies and the areas of the reinforcement element blank which 
have not been shaped yet is minimized . Thus , the heat 
transfer which may otherwise occur between these areas and 
the dies is reduced , which prevents these areas from an 
uncontrolled cooling which may result in poor and / or non 
uniform mechanical properties . 
[ 0076 ] The adjacent branches 42 further include a fourth 
branch forming with the third branch a third non - zero angle , 
the third non - zero angle being of a sign opposite to the sign 
if the first and second non - zero angles . Preferably , the third 
and fourth branches are also joined together by an arcuate 
junction 43 . 
[ 0077 ] The main portion 30 may have a variable cross 
section . For example , the length of at least one of the 

fo 



US 2017 / 0291476 A1 Oct . 12 , 2017 

branches 42 and / or the absolute value of at least one of the 
angles of the reinforcing cross - section 40 may vary along 
the main direction . 
[ 0078 ] In the example illustrated on FIGS . 2 and 3 , the 
reinforcing cross - section 40 comprises seven branches : a 
first branch 42a , a second branch 42b which is adjacent to 
the first branch 42a , a third branch 42c which is adjacent to 
the second branch 42b , a fourth branch 42d which is 
adjacent to the third branch 42c , a fifth branch 42e which is 
adjacent to the fourth branch 42d , a sixth branch 42f which 
is adjacent to the fifth branch 42e and a seventh branch 42f 
which is adjacent to the sixth branch 42e . 
[ 0079 ] The reinforcing cross - section further comprises 
two legs 44a , 44b joined respectively to the first branch 42a 
and the seventh branch 42g and forming with the first branch 
42a and the seventh branch 42g respectively non - zero 
angles . 
10080 ] For example , the reinforcing cross - section 40 is 
symmetrical about a substantially horizontal line which 
passes in the middle of the fourth branch 42d . 
[ 0081 ] The branches 42a , 42b , 420 , 42d , 42e , 42f extend 
in different directions . 
[ 0082 ] Indeed , each branch 42 forms with each adjacent 
branch a non - zero oriented angle . Thus , the first branch 42a 
forms with the second branch 42b a first angle aan , the 
second branch 42b forms with the third branch 42c a second 
angle ano , the third branch 42c forms with the fourth branch 
42d a third angle acd , the fourth branch 42d forms with the 
fifth branch 42e a fourth angle ade , the fifth branch 42e 
forms with the sixth branch 42f a fifth angle Corand the sixth 
branch 42f forms with the seventh branch 42g a sixth angle 
afo , the angles being non - zero angles . 
[ 0083 ] The first branch extends substantially in a first 
plane , the second branch extends substantially in a second 
plane , the third branch extends substantially in a third plane , 
the fourth branch extends substantially in a fourth plane , the 
fifth branch extends substantially in a fifth plane , the sixth 
branch extends substantially in a sixth plane and the seventh 
branch extends substantially in a seventh plane . 
10084 ] For example , the first 42a , the third 42c , the fifth 
42e and the seventh 42g branches are substantially horizon 
tal , and the second 42b , fourth 42d and sixth 42f branches 
are substantially vertical . Thus , the first , third , fifth and 
seventh planes are substantially parallel . The second and the 
sixth planes are substantially the same , and parallel to the 
fourth plane . 
[ 0085 ] Each branch is preferably joined to the adjacent 
branch ( es ) by an arcuate junction . 
[ 0086 ] The first branch 42a and the second branch 42b are 
joined together by a first arcuate junction , the second branch 
42b and the third branch 42c are joined together by a second 
arcuate junction , the third branch 42c and the fourth branch 
42d are joined together by a third arcuate junction , the fourth 
branch 42d and the fifth branch 42e are joined together by 
a fourth arcuate junction , the fifth branch 42e and the sixth 
branch 42f are joined together by a fifth arcuate junction , and 
the sixth branch 42f and the seventh branch 42g are joined 
together by a sixth arcuate junction . 
[ 0087 ] The first dab , second Abc , fifth def and sixth of 
angles have the same sign , whereas the third acd and fourth 
Ade have a sign opposite to the first dab , second Abc , fifth def 
and fourth Ofo angles . 
[ 0088 ] Thus , the first 42a , second 42b and third 42C 
branches together form a concave curve oriented towards a 

first direction , for example towards the door inner panel 20 . 
The third 42c , fourth 42d and fifth 42e branches together 
form a concave curve oriented towards a second direction 
opposite the first direction , i . e . towards the door outer panel . 
The fifth 42e , sixth 42f and seventh 42g branches together 
form a concave curve oriented towards the first direction . 
[ 0089 ] The arcuate junctions joining the first 42a , the 
second 42b and the third 42c branches , i . e . the first and 
second arcuate junctions , are oriented towards the first 
direction . Similarly , the arcuate junctions joining the fifth 
42e , sixth 42f and seventh 42g branches , i . e . the fifth and the 
sixth arcuate junctions , are oriented towards the first direc 
tion . 
[ 0090 ] The arcuate junctions joining the third 42c , fourth 
42d and fifth 42e branches are oriented towards the second 
direction . 
[ 0091 ] The radiuses of curvature of the first and the second 
arcuate junctions are substantially comprised between 5 mm 
and d _ / 2 , d , being the distance between the first branch 42a 
and the third branch 42c . This distance d , is the distance 
between the first and third planes as measured in the second 
plane . In particular , as explained above , the first plane and 
the third plane intersecting the second plane along two 
substantially parallel intersection lines , the distance d , is the 
distance between these two intersection lines , as shown on 
FIG . 3 . 
10092 ) Similarly , the radius of curvature of the fifth and 
the sixth arcuate junctions are substantially comprised 
between 5 mm and d . / 2 , d , being the distance between the 
fifth branch 42e and the seventh branch 42g . This distance 
d , is the distance between the fifth and seventh planes as 
measured in the sixth plane . In particular , the fifth plane and 
the seventh plane intersecting the sixth plane along two 
substantially parallel intersection lines , the distance d , is the 
distance between these two intersection lines . 
[ 0093 ] The first , second , fifth and sixth arcuate junctions 
preferably have a radius of curvature comprised between 5 
mm and 15 mm , in particular if the distances d , and d , are 
of about 30 mm . 
[ 0094 ] For example , the radius of curvature of the third 
and fourth arcuate junctions is also comprised between 5 
mm and 15 mm . 
[ 0095 ] For example , the radius of curvature of the arcuate 
junctions oriented towards the door inner panel 20 , i . e . of the 
first , second fifth and sixth arcuate junctions , is greater than 
the radius of curvature of the arcuate junctions oriented 
towards the door outer panel , i . e . the third and fourth arcuate 
junctions . 
[ 0096 ] For example , the radius of curvature of the arcuate 
junctions oriented towards the inside of the vehicle is 
substantially equal to 11 mm and the radius of curvature of 
the arcuate junctions oriented towards the outside of the 
vehicle is substantially equal to 8 mm . 
00971 . The main portion 30 has a thickness , defined as the 
dimension of the main portion along a transversal direction , 
comprised between 0 . 6 mm and 3 mm , for example com 
prised between 1 mm and 1 . 5 mm . 
10098 ] Owing to the folded geometry of the reinforcing 
cross - section 40 , the main portion 30 has an overall thick 
ness , defined as the thickness of the convex envelop of the 
main portion 30 , superior to the thickness of the main 
portion 30 along a transversal direction , for example com 
prised between 30 mm and 40 mm , for example 36 mm . 
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[ 0099 ] However , this overall thickness remains small 
enough so that the reinforcement element may be fitted in 
the central space defined between the door inner panel 20 
and the door outer panel without interfering with other 
structures and mechanisms also placed within the central 
space . 
[ 0100 ] Preferably , the main portion 30 of the reinforce 
ment element 7 is made of a press hardening steel which , 
once pressed , has a tensile strength higher than or equal to 
1300 MPa . 
[ 0101 ] For example , the press - hardened steel has a com 
position comprising , in % weight 0 . 10 % sCs0 . 5 % , 
0 . 5 % sMns3 % , 0 . 1 % sSis1 % , 0 . 01 % sCrs1 % , Tis0 . 2 % , 
Als0 . 1 % , S < 0 . 05 % , Ps0 . 1 % , 0 . 0005 % sB < 0 . 010 % , the 
remainder consisting of iron and unavoidable impurities 
resulting from the production . 
[ 0102 ] The press hardened steel is for example Usibor® , 
in particular Usibor® 1500 or Usibor® 2000 . 
[ 0103 ] The steel may be coated or uncoated . 
[ 0104 ] Preferably , the press - hardened steel has a structure 
consisting essentially of ferrite and perlite before the steel is 
pressed , and a structure consisting of martensite after press 
ing . 
01051 Thus , the main portion 30 of the reinforcement 
element 7 is made of a steel having a structure consisting of 
martensite . 
10106 ] . The reinforcement element 7 is for example pro 
duced by hot stamping a reinforcement element blank . The 
reinforcement element blank is a substantially planar blank 
having a shape adapted so that it may be hot stamped to form 
the reinforcement element 7 . 
[ 0107 ] A hot stamping process to shape the reinforcement 
element 7 is illustrated on FIGS . 4 to 8 . 
10108 ] A reinforcement element blank 50 is first heated to 
a suitable temperature , for example 900° C . , and placed in 
a double - action press 52 including a lower die 54 , a whipper 
die 56 and a punch 58 . 
10109 ] . Initially ( FIG . 4 ) , the blank 50 lies on the lower die 
54 , whose shape is complementary to that of the reinforce 
ment element 7 to be formed . Owing to the radiuses of 
curvature of the reinforcement element 7 , which are 
reflected in the lower die 54 , the contact between the blank 
50 , which has not been shaped yet , and the lower die 54 is 
minimized , so that the heat transfer from the blank 50 to the 
lower die 54 is reduced . 
[ 0110 ] The punch 58 , which has a shape substantially 
complementary to a part of the reinforcement element 7 , 
from the second to the sixth branches , is pressed on the blank 
50 in order to shape these branches ( FIGS . 5 and 6 ) . 
10111 ] As shown on FIGS . 5 and 6 , owing to the radiuses 
of curvature of the reinforcement element 7 , which are 
reflected in the lower die 54 and the punch 58 , the contact 
surface between the blank 50 on the one hand , and the punch 
58 and the lower die 54 on the other hand , is practically 
reduced to the areas of the blank which have already been 
shaped or which are being shaped . Therefore , during this 
step , the heat transfer from the areas of blank 50 which have 
not been shaped yet to the lower die 54 and the punch 58 is 
reduced . 
[ 0112 ] The whipper die 56 is then pressed on the blank 50 
so as to shape the first branch with the first arcuate junction , 
and the seventh branch with the sixth arcuate junction . 
During this step , as shown on FIGS . 7 and 8 , the contact 
surface between the blank 50 and the whipper die 56 , is also 

practically reduced to the areas of the blank 50 which have 
already been shaped or which are being shaped . 
[ 0113 ] After hot stamping , the reinforcement element is 
cooled down to ambient temperature at a cooling rate 
superior to or equal to 27° C . / s in order to obtain a structure 
consisting of martensite . 
[ 0114 ] In particular , the cooling rate is chosen so as to 
avoid the formation of ferrite in the regions forming the 
junctions between the branches 42 . Indeed , these regions are 
the ones which are the most deformed during hot stamping , 
so that the formation of ferrite could occur in these regions . 
[ 0115 ] Since the heat transfer between the press 52 and the 
areas of the heated blank 50 which have not been shaped yet 
is reduced , the microstructure and thus the mechanical 
properties of the reinforcement element 7 are controlled and 
uniform . 
[ 0116 ] For example , several reinforcement elements 7 
may be produced by stamping a blank and then cutting the 
stamped blank so as to form the reinforcement elements , the 
cut - off line being located between two adjacent legs 44a , 
44b of two distinct reinforcement elements 7 . 
[ 0117 ] Alternatively , the legs 44a , 44b have a structure 
comprising martensite , bainite and optionally ferrite , the rest 
of the main portion 30 having a structure consisting of 
martensite . Thus , having legs 44a 44b with a structure 
comprising martensite , bainite and optionally ferrite makes 
the cutting easier . 
[ 0118 ] Indeed , when several reinforcement elements 7 are 
produced by stamping a blank and then cutting the stamped 
blank , having legs 44a 44b with a structure comprising 
martensite , bainite and optionally ferrite makes the cutting 
easier . 
( 0119 ] The different structures within the reinforcement 
element 7 may be obtained by applying to the legs 44a , 446 , 
during the stamping , a temperature different to the tempera 
ture applied to the rest of the main portion 30 . 
10120 ] The use of a steel with a tensile strength higher than 
or equal to 1300 MPa allows improving the protection 
against side impacts provided by the reinforcement element 
7 . Moreover , the use of a press hardening steel provides both 
a good formability for the blank so that it may be hot 
stamped to shape the reinforcement element 7 without 
obtaining cnecking or thickening of the steel , and a high 
strength for the reinforcement element 7 once hot stamped . 
[ 0121 ] Owing to the folded geometry of the main section , 
when the reinforcement element 7 is subjected to an impact , 
the reinforcing cross - section 40 first unfolds at the impact 
site , before the reinforcement element 7 bends . Thus , the 
reinforcement element may absorb an important amount of 
energy before bending . 
10122 ] . Even though the door assembly 3 of the exemplary 
embodiment is a front driver - side door of a passenger 
vehicle , the door assembly could alternatively be configured 
for use as passenger side or for rear vehicle doors . The door 
assembly 3 may also be configured to be applied to the full 
range of segments of passenger vehicles as well as other 
types of vehicles including , for example , pick - up trucks , 
sport utility vehicles , trucks , personal transport vehicles . 
[ 0123 ] According to another embodiment , each angle 
formed by two successive branches has a sign opposite to the 
sign of each adjacent angle . That is , each branch 42 adjacent 
to two other branches forms with these two branches two 
angles having opposite signs . The reinforcing cross - section 
may for example have the shape of a W . 
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What is claimed is : 
1 - 13 . ( canceled ) 
14 . A reinforcement element for reinforcing a structure of 

a door of a vehicle , said reinforcement element extending 
along a main direction and comprising : 

at least a main portion having a reinforcing cross - section 
extending in a plane perpendicular to the main direc 
tion , 

wherein the reinforcing cross - section comprises seven 
adjacent branches , each extending in different direc 
tions , two successive branches forming a non - zero 
angle , at least two of said non - zero angles being of 
opposite signs , 

said adjacent branches comprising a first branch , a second 
branch , a third branch , a fourth branch , a fifth branch , 
a sixth branch and a seventh branch , said first branch 
forming with said second branch a first non - zero angle , 
said second branch forming with said third branch a 
second non - zero angle , the third branch forming with 
the fourth branch a third non - zero angle , the fourth 
branch forming with the fifth branch a fourth non - zero 
angle , the fifth branch forming with the sixth branch a 
fifth non - zero angle and the sixth branch forming with 
the seventh branch a sixth non - zero angle , 

the first non - zero angle and the second non - zero angle 
being of a same first sign , said third and fourth non - zero 
angles being of a second sign opposite to the first sign , 
and the fifth and sixth non - zero angles being of the first 
sign , 

the first branch and the second branch being joined 
together by a first arcuate junction , the second branch 
and the third branch being joined together by a second 
arcuate junction , the radiuses of curvature of said first 
arcuate junction and said second arcuate junction being 
comprised between 5 mm and d / 2 , wherein d is a 
distance between said first branch and said third 
branch , 

the third branch and the fourth branch being joined 
together by a third arcuate junction , the fourth branch 
and the fifth branch being joined together by a fourth 
arcuate junction , the fifth branch and the sixth branch 
being joined together by a fifth arcuate junction , and the 
sixth branch and the seventh branch being joined 
together by a sixth arcuate junction , 

the first , second and third branches together forming a 
concave curve oriented towards a first direction , the 
third , fourth and fifth branches together forming a 
concave curve oriented towards a second direction 
opposite the first direction , the fifth , sixth and seventh 
branches together forming a concave curve oriented 
towards the first direction , 

the reinforcing cross - section further comprising two legs 
joined respectively to the first branch and to the seventh 
branch and forming with the first branch and the 
seventh branch respectively non - zero angles , 

the legs having a structure comprising martensite , bainite 
and optionally ferrite , the rest of the main portion 
having a structure consisting of martensite . 

15 . The reinforcement element as recited in claim 14 
wherein said first branch extends in a first plane , the second 
branch extends in a second plane , and the third branch 
extends in a third plane , the first plane and the second plane 
intersecting along a first intersection line , and the second 
plane and the third plane intersecting along a second inter 
section line , the first and second intersection lines being 
parallel , and wherein d is the distance between the first 
intersection line and the second intersection line . 

16 . The reinforcement element as recited in claim 14 
wherein at least part of the main portion is made of a press 
hardening steel having a tensile strength higher than or equal 
to 1300 MPa . 

17 . The reinforcement element as recited in claim 16 
wherein the press hardening steel is Usibor® . 

18 . The reinforcement element as recited in claim 14 
wherein the non - zero angles are comprised , in absolute 
value , between 80° and 90° . 

19 . The reinforcement element as recited in claim 14 
wherein the radiuses of curvature of said first arcuate junc 
tion and said second arcuate junction are comprised between 
5 mm and 15 mm . 

20 . The reinforcement element as recited in claim 14 
wherein at least one of the branches has a varying length 
along the main direction and / or at least one of the angles of 
the reinforcing cross - section has a varying absolute value 
along the main direction . 
21 . A door assembly of a vehicle , comprising a door 

structure including a window frame and a door panel , 
wherein the door assembly further comprises a reinforce 
ment element as recited in claim 14 extending across the 
door panel . 

22 . The door assembly as recited in claim 21 wherein the 
door structure is made of a metallic material different from 
the material of the reinforcement element . 

23 . The door assembly as recited in claim 21 wherein the 
door panel is delimited by a front edge , a rear edge parallel 
to the front edge , a lower edge and an upper edge , the lower 
edge and the upper edge extending between ends of the front 
edge and the rear edge , said upper edge defining an edge of 
the window frame , the reinforcement element extending 
from the front edge to the rear edge between the upper edge 
and the lower edge and being parallel to the upper edge . 

24 . A vehicle comprising a door assembly as recited in 
claim 21 . 

25 . A method for producing a reinforcement element as 
recited in claim 14 comprising the following steps : 
hot stamping a reinforcement element blank to shape the 

reinforcement cross section of the main portion , 
cooling down the reinforcement element at a cooling rate 

superior to or equal to 27° C . / s in order to obtain a 
structure consisting of martensite in at least part of the 
reinforcement element . 

* * * * * 


