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Juan Miguel Galindo Torres
TFM: Optimización de una puerta de automóvil en diferentes materiales ante impacto lateral.



Front view
Scale:  1:5

Barra de protección contra impactos laterales 1.
Dimensiones en mm.
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Front view
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Barra de protección contra impactos laterales 2.
Dimensiones en mm.
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Front view
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Barra de protección contra impactos laterales 3.
Dimensiones en mm.
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Front view
Scale:  1:5

Barra de protección contra impactos laterales 4.
Dimensiones en mm.
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Front view
Scale:  1:5

Barra de protección contra impactos laterales 5.
Dimensiones en mm.
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Front view
Scale:  1:5

Ensamblaje de panel exterior de puerta con barra.
Se muestra la barra 1 como referencia.
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Anexo 2.

 FMVSS214:
Normativa 
ensayo S6.

Juan Miguel Galindo Torres
TFM: Optimización de una puerta de automóvil en diferentes materiales ante impacto lateral.
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Anexo 3.

Hojas de 
especificaciones 
de materiales.

Juan Miguel Galindo Torres
TFM: Optimización de una puerta de automóvil en diferentes materiales ante impacto lateral.
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MECHANICAL PROPERTIES

Steel grade Yield Strength

R
p,02

 (N/mm2)

Yield Strength after 

bake hardening1)

min

Tensile strength

R
m

 (Nmm2)

Elongation 

A
80

%

min

Min. bending 

radius for 90 1

min max min max

Docol 500 DP 290 370 400 500 600 20 0xt

Docol 500 DL 230 300 350 500 600 24 0xt

Docol 600 DP 350 450 500 600 700 16 0xt

Docol 600 DL 280 360 450 600 700 20 0xt

Docol 800 DP 500 650 600 800 95 10 1,0xt

Docol 800 DL 390 540 550 800 950 13 1,0xt

Docol 1000 DP 700 950 850 1000 1200 7 2,0xt
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Docol 800 DP t=1,0 mm
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Steel grade C 

%

Si 

%

Mn 

%

P 

%

S 

%

Al
tot 

%

Nb 

%

Docol 500 DP 0,08 0,30 0,65 0,010 0,010 0,040 -

Docol 500 DL 0,05 0,20 1,50 0,010 0,002 0,040 -

Docol 600 DP 0,10 0,20 0,80 0,010 0,002 0,040 0,015

Docol 600 DL 0,10 0,40 1,50 0,010 0,002 0,040 -

Docol 800 DP 0,13 0,20 1,50 0,010 0,002 0,040 0,015

Docol 800 DL 0,14 0,20 1,50 0,010 0,002 0,040 0,015

Docol 1000 DP 0,15 0,50 1,50 0,010 0,002 0,040 0,015

CHEMICAL COMPOSITION
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TECHNICAL SERVICE AND INFORMATION
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GMAW (MAG)

Gas metal arc welding

MMA

Manual metal arc welding

AWS: A5.28 ER 10XS-X AWS: A5.5 E10X18

AWS: A5.28 ER 11XS-X AWS: A5.5 E11X18

AWS: A5.28 ER 12XS-X AWS: A5.5 E12X18

TABLE 1: RECOMMENDED FILLER METALS FOR DOCOL UHS

STRENGTH OF WELDED JOINTS
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MECHANICAL PROPERTIES

Steel grade Yield strength

R
el

 (N/mm2)

Yield strength  after

bake hardening1)

min

Tensile strength

R
m

 (Nmm2)

Elongation A
80

%

min

Min bending radius

90 2�bend

min max min max

Docol 900M 700 - 900 900 1100 3 3.0 xt

Docol 1200M 950 - 1150 1200 1400 3 3.0 xt

Docol 1400M 1150 - 1350 1400 1600 3 3.0 xt

Docol 1500M2) 1200 - - 1500 1700 3 3.0 xt
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Steel grade C 

%

Si 

%

Mn 

%

P 

%

S 

%

Al
tot 

%

Nb 

%

Ti 

%

Docol 900M 0,05 0,20 2,00 0,010 0,002 0,040 - -

Docol 1200M 0,11 0,20 1,70 0,010 0,002 0,040 0,015 0,025

Docol 1400M 0,17 0,20 1,40 0,010 0,002 0,040 0,015 0,025

Docol 1500M 0,21 0,20 1,10 0,010 0,002 0,040 0,015 0,025

CHEMICAL COMPOSITIONS
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Min or strain

Docol 1400 M 1,5 mm
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GMAW (MAG)

Gas metal arc welding

MMA

Manual metal arc welding

AWS: A5.28 ER 10XS-X AWS: A5.5 E10X18

AWS: A5.28 ER 11XS-X AWS: A5.5 E11X18

AWS: A5.28 ER 12XS-X AWS: A5.5 E12X18

TABLE 1: RECOMMENDED FILLER METALS
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Hot-dip galvanised products

Galvatite high-strength steel
Galvatite high-strength steel allows the user to increase

the strength of the finished component or reduce the

steel thickness, or both. It also offers corrosion

resistance and good forming properties.

Typical applications
• automotive components

• cold-formed tubes

• building frames

• floor decking

• racking and shelving

• building components

Standard
Galvatite high-strength steel complies with EN 10292 :

2000 and is available in the grades and coatings shown

in table 49 (right).

Mechanical properties
The values shown for the mechanical properties in table

50 below are for temper-rolled material and are for test

pieces taken either transverse to or in the rolling

direction (see test direction in table). 

Chemical composition
Galvatite high-strength steel meets the requirements of

the cast analysis in the standard, as shown in table 51

on page 68.

Dimensions
The width and thickness limits are shown in table 52 on

page 68. The minimum width for all products is 900mm.

Widths below this may be available after consultation.

Table 49: Standard: EN 10292 : 2000

Grade Symbol for coating type

H180BD Z, ZF

H220BD Z, ZF

H220PD Z, ZF

H300PD Z

H220YD Z

H260YD Z

H260LAD Z, ZF

H300LAD Z, ZF

H340LAD Z

H380LAD Z

H420LAD Z

Table 50: Mechanical properties: EN 10292 : 2000

Rp0.2 (N/mm2) BH2 (N/mm2) Rm (N/mm2) A80 (%) r90 n90

Grade Test Min-Max Min Min-Max Min Min Min

H180BD t 180-240 35 300-360 34 1.5 0.16

H220BD t 220-280 35 340-400 32 1.2 0.15

H220PD t 220-280 – 340-400 32 1.3 0.15

H300PD t 300-360 – 400-480 26 – –

H220YD t 220-280 – 340-410 32 1.5 0.17

H260YD t 260-320 – 380-440 30 1.4 0.16

H260LAD t 260-330 – 350-430 26 – –

H300LAD t 300-380 – 380-480 23 – –

H340LAD t 340-420 – 410-510 21 – –

H380LAD t 380-480 – 440-560 19 – –

H420LAD t 420-520 – 470-590 17 – –

H260LAD l 240-310 – 340-420 27 – –

H300LAD l 280-360 – 370-470 24 – –

H340LAD l 320-400 – 400-500 22 – –

H380LAD l 360-460 – 430-550 20 – –

H420LAD l 400-500 – 460-580 18 – –

Note: The letters in the test column indicate test direction. The letter t indicates transverse to the rolling direction and the letter l indicates
longitudinal, i.e. in the rolling direction.
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Table 51: Chemical composition: EN 10292 : 2000

Grade C Mn Si Al P S Ti1 Nb1

Max Max Max Min Max Max Max Max

H180BD 0.04 0.70 0.50 0.020 0.060 0.025 – –

H220BD 0.06 0.70 0.50 0.020 0.080 0.025 – –

H220PD 0.08 0.70 0.50 0.020 0.080 0.025 – –

H300PD 0.10 0.70 0.50 0.020 0.080 0.025 – –

H220YD 0.01 0.90 0.10 0.020 0.080 0.025 0.120 –

H260YD 0.01 1.60 0.10 0.020 0.100 0.025 0.120 –

H260LAD 0.10 0.60 0.50 0.015 0.025 0.025 0.150 0.090

H300LAD 0.10 1.00 0.50 0.015 0.025 0.025 0.150 0.090

H340LAD 0.10 1.00 0.50 0.015 0.025 0.025 0.150 0.090

H380LAD 0.10 1.40 0.50 0.015 0.025 0.025 0.150 0.090

H420LAD 0.10 1.40 0.50 0.015 0.025 0.025 0.150 0.090

Notes:
1. The sum of the contents of these elements should not exceed 0.22%.
2. Values are in weight percentages.

Table 52: Dimensions: EN 10292 : 2000

Thickness Width

Max

H180BD H220BD H220YD H260YD H220PD H300PD H340LAD H380LAD
> ≤ H260LAD H300LAD H420LAD

0.38 0.40 – – – – 970 – – –

0.40 0.43 – – – – 1220 – – –

0.43 0.45 1070 – – – 1220 – – –

0.45 0.50 1250 – – – 1520 – – –

0.50 0.56 1520 – – – 1520 1300 – –

0.56 0.60 1520 1520 1320 1320 1520 1300 – –

0.60 0.63 1520 1520 1580 1580 1520 1500 1450 –

0.63 0.68 1520 1520 1605 1605 1520 1500 1450 –

0.68 0.70 1605 1605 1605 1605 1605 1500 1450 –

0.70 0.75 1605 1605 1620 1620 1605 1500 1450 1500

0.75 0.90 1620 1620 1620 1620 1620 1600 1550 1500

0.90 0.98 1620 1620 1620 1620 1620 1600 1600 1500

0.98 1.10 1620 1620 1620 1620 1620 1600 1600 1550

1.10 1.20 1620 1620 1620 1620 1620 1620 1620 1550

Note: Dimensions are in millimetres.
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1.5.2 Typical mechanical properties of rolled products for 

automotive applications
1 

 
See also: 

ñ AAM – Materials – 3 Designation system > Wrought alloys > H-Tempers for strain-
hardening wrought alloys (EN 515) 

 
Literature: 

ñ Ostermann, F., Anwendungstechnologie Aluminium, Berlin, Heidelberg, London, New 
York, Tokyo: Springer-Verlag, 1998, ISBN 3-540-62706-5 — The majority of data 
were taken from this reference, p. 664-668.   

 

 


