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THE AUTOMOTIVE STEEL

Docol 1400M

General Product Description

Docol 1400M martensitic steel helps improve crashworthiness and ensure a lightweight design and cost-efficient production methods for the autormotive
industry. Docol is one of the strongest cold rolled advanced high-strength steels on the market and has become the material of choice for automotive
applications such as side impact beams, bumpers and structural components.

Dimension Range

Cold rolled / UC: thickness 0.50-2.10 mm, width up to 1527 mm.

Cold rolled / EG: thickness 0.80-1.80 mm, width up to 1200 mm.

3lit strip and cut to length sheets are available upon request.

Grade and coating specific restrictions on available dimensions may occur.

Mechanical Properties

Steel grade Standard Test direction Yield strength Tensile strength | Elongation Agg Min. inner
bending radius

Reo2
(MPa)

Docol CR1150Y  SSAB UC, EG
1400T-MS

The testing of mechanical properties of electrogalvanized products is conducted without coating.

Chemical Composition (Ladle analysis)

Steel grade oating Mn P 8 Al Nb+Ti
) (max %) (max %) (max %) (min %) (max %)

Docol CR UC,EG 020 0.40 1.60 0.020 0.010 0015 010
1150Y1400T-
MS

Tolerances

Cold rolled {UC, EG): Tolerances in accordance to EN10131.

Customized dimension tolerances available upon request.

Following improved flatness tolerances are available upon request: 7/

0.80-099
1.00-1.39
1.40-1.59
1.60-1.79

2 0 O N @

180-2.10

T EG coated martensitic grades are supplied with improved flatness tolerances.

) Distance from the top surface of the strip normal to a flat surface. Measured with a ruler on sheets of mother coil width and minimum length 1500 mm.
Cross bow and coil set excluded.

SSAB
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Coatings and Surface Treatments

Coatings

The metal coating options for Docol products include:

Electrogalvanized coating (EG) is applied continuously by electro deposition. The coating consists of zinc (99%). Electrogalvanized steel is characterized by
its excellent surface guality and uniform coating thickness.

Grade specific availability of metal coatings for Docol products is given in the Mechanical properties table (Coating).

Coating type Coating class Standard Closest in EN10346, | Coating mass per Thickness per side,
informative side, Single spot test | informative
(g/m?) (pm)
EG ZE25/25 EN10152
EG ZES0/50 EN 10152
EG ZETS(75 EN 10152 - 47- 6,6-
EG ZE100/100 EN 10152 - 65- 9,1-

Docol metal coated products are available with surface quality for unexposed applications.
In addition to these coating masses, OEM specific coatings and single sided EG coatings are available upon request.

Surface Treatments

Uncoated (UC): available as ciled

Electrogalvanized (EG): available as oiled and/or chernically passivated or phosphated

All surface treatments are in accordance with RoHS directive (2011/65/EU) and do not contain Chromium VI (Cr#*). Surface treatments provide only
temporary surface protection during transportation and storage. In order to avoid corrosion damages, care must be taken to keep the products dry during
transportation and storage. If they become wet, they must be separated and situated so that they are dried quickly.

Fabrication and Other Recommendations
Far infarmation conceming fabrication, see SSAB's brochures on www.ssab.com or consult Tech Support, techsupport@ssab.com.
Appropriate health and safety precautions must be taken when bending, welding, cutting, grinding or otherwise working on the product.

Contact Information

www.ssab.com/contact
The English version of this document shall prewvail in case of discrepancy. Minor changes and updates to the document may oocur, please download
the lstest version of this document &t www.s=ssb.com
SEAB, Strenx, Hardok, Docol, GreenCoat, Toolox, Anmox, Ramor, SSAB Domex, SSAE Laser, Reex, Durcwite are trademarks cwned by the SSAE group >

of companies.
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Abstract

Nowadays, concerns regarding reducing the weight of automobiles to reduce fuel
consumption has made the automotive industry more inclined to use high strength steel
sheets. Joining these types of steel sheets to similar and dissimilar steel sheets is a
challenge for their application. Sheet metal clinching process is a forming-based method
for mechanical joining of metal sheet parts. In this dissertation, first, clinching of DX51D
galvanized steel sheets of 1.5 and 2 mm in thickness (DX51D/DX51D joint), as an
alternative for spot welding process in a special application for car manufacturing
industry, using a grooved die was studied. Then, a new method for hole clinching of 1 mm
thick Docol sheet to 1.5 mm thick DX51D sheet (Docol/DX51D joint) using a conical die
was presented. In order to make sure about the strength of the joint, the tooling should
have optimum design. Consequently, after characterizing the mechanical properties of
raw materials, based on orthogonal experimental design (OED), and finite element
analysis, most influencing parameters of the forming tool were optimized for achieving
maximum joint strength F. Nine tests for clinching process of DX51D/DX51D sheets and
27 experiments for hole clinching process of DX51D/DOCOL sheets were designed using
minitab software. Parametric studies tool and explicit solver of Abaqus software were
used to analyze the designed experiments. Parametric input files were generated and
used to change the process parameters in the simulations. After running the experiments
designed based on the OED in computer, optimal values of the important parameters
affecting the tool design were obtained for both methods of clinching. The maximum
tensile strengths of 2319 N and 3509 N were obtained for clinching of DX51D / DX51D
and DX51D / DOCOL, respectively. Next, clinching tools were designed and fabricated
based on these optimum geometric parameters. The clinching and hole clinching process
were successfully done using the fabricated tooling. Tensile strength and geometry
profiles of clinched samples were measured. Comparison of the experimental and
simulation results shows a good agreement between them. Based on the demands of car
manufacturing standards, DX51D/DX51D clinch joint using grooved die, can replace the
conventional spot welding method in the particular case studied. Further, the results
showed that using conical fixed die as a new design, for hole clinching DX51D/DOCOL, the

joint strength can increase by 18% compared to the hole clinching using cylindrical die.

Keywords: Clinching, Orthogonal experimental design method, Optimization, Finite

element analysis, joining strength
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