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In order to suppress CO, emission and protect passengers in case of vehicle collision, continuous
efforts are being made to increase the application ratio and tensile strength of advanced high strength
steels used in the manufacturing of automotive body. Simultaneously, hydrogen embrittlement which
was not a concern in the past has currently become a major issue due to microstructure that is sensitive
to hydrogen uptake. The sensitivity increases with residual stress and hydrogen uptake content. Many
automotive OEM companies and mill makers are setting specifications to control hydrogen embrittlement.
The factors which lead to hydrogen embrittlement are material sensitivity, residual stress, and hydrogen
concentration; researches are in progress to develop countermeasures. To reduce material sensitivity,
mill makers add high energy trap elements or microstructure refinement elements. Automotive OEM
companies design the car parts not to concentrate local stress. And they manage the levels to not
to exceed critical hydrogen concentration. In this article, we have reviewed hydrogen embrittlement
evaluation methods and corresponding solutions that are being studied in automobile manufacturing
industries and mill makers.
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Fig. 1 Applying trends of materials for BIW (Body in White).
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Fig. 6 Field case of hydrogen embrittlement : Break hub disk bolt and fractography.

Table 1 Automotive specification for HE, examples

Item EU GM Tesla

Test Grade (TS, MPa) Metallic coated AHSS 980 < 1200<
Test Condition (Residual Stress) After metallic coating YP 100% TS 80%
Delayed Fracture time (hrs) 720hr< 120hr= 300hr=
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Fig. 7 General evaluation method for hydrogen embrittlement [13,18-20].
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Fig. 8 Automotive part making process and simulation test method for hydrogen embrittlement.
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Fig. 10 Schematic polarization curves of Fe and Zn in neutral solution and electrochemical permeation test on the car [23,24].
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Table 2 R&D areas for prevention Hydrogen Embrittlement

Items Issues Subject
* Prevention H uptake from surface * R&D Coating : effect of additional elements at the coating ...
Materials | * Immobile H in the substrate * Trap elements addition : addition range, size ..
Sensitivity | « Control microstructure and addition elements | « Microstructure effect : Lath density, austenite ratio ...
* Increase crack initiation resistance * Microstructure shape, size, mixed density ...
* Evaluation critical H concentration * H concentration vsdelayed fracture time... (with stress)
to make delayed fracture
H Uptake | * Evaluation H uptake concentration from process = * Evaluation H concentration all of process
* Prevent H uptake or develop degassing * Humidity and dew point control, heat freatment,
method by environment modifying processing time, temperature control, inhibitors addition
* Evaluation critical residual stress to make * Stress vs delayed fracture time... (with H concentration)
delayed fracture
Residual | - Developing prediction and simulation model - R&D of fracture model : prediction and avoid
Stress * Release stress by changing design * Prevention stress concentration design: Bead size height..
* Forming and assembly process managing * Shear section surface scratch managing spec ...
* Logistics process managing * Loading method, stacking limit...
* Welding process managing * Evaluation welding effect
Steel Before H/S After H/S Heat treatment
1.5GPa AlSi 0.02wppm 0.5~0.56 wppm 950°C xSmin (DP15°C)
1.5GPa GA 0~0.04wppm 0.03~0.05wppm 910°C x5min (DP15°C)
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Fig. 12 Mobile hydrogen concentration by TDA between AlSi and GA coated hot stamping steel.
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