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Objectives

· Develop new experimental setups for characterization of crashworthiness and strain rate sensitivity of both high strength steels (HSS) and structural designs. 
· Replicate impact conditions that occur in automotive impact by simpler and more manageable experiments in order to generate meaningful data for computer modeling.
Accomplishments

· Developed experimental setup procedures for new crashworthiness characterization test based on parallel-plates buckling, a procedure developed at the University of Dayton Research Institute (UDRI).

· Developed and conducted constant-velocity crash experiments on circular tubes.

· Developed WWW-based database for display and analysis of tube crush experiments

Future Direction

· Develop experiments for characterizing strain and strain rate history in tubular components in octagonal, spot welded double-hat tube crush tests.

Provide high-quality data for material and finite-element modeling (FEM) development.

Introduction

Crashworthiness characterization of HSS requires testing of materials and structures under increased strain rates, large plastic strains, and large displacements that are characteristic of actual impact events.  Aside from providing a physically quantitative measure of crashworthiness, the experiments also provide benchmarks for verification of FEM models that are used for automotive design and analysis.  Typical crashworthiness experiments involve crushing of tubular objects, such as circular or rectangular tubes. Due to a combination of relatively high velocities and force levels required for progressive crushing, the experiments are usually conducted in inertia-based equip​ment, such as drop towers or impact sleds.  For example, in a drop tower the drop height and the drop mass can be adjusted to gener​ate desired crush force and length.  However, there are practical limits on the mass and the velocity that can be used in a drop tower.  The kinetic energy of the impact must be such that it can be expended in the deforma​tion of the specimen and the safety restraints in order not to damage the testing equip​ment.  Vibrations of the falling mass are prac​tically impossible to eliminate, and the lateral forces are not easily measured nor controlled.  The velocity of impact cannot be kept constant and gradually reduces from the onset of impact.
The objective of this project is to develop and conduct coupon- and component-level experiments for the characterization of crash​worthiness of HSS.  The project will also provide high-quality data for development of material and structural FEM models, and, therefore, enable more accurate modeling and design of lightweight crashworthy vehicles.

Design of Experiments

Tube Crush Experiments

To improve experimental investigations of the material and structural behavior for automotive impact, the Oak Ridge National Laboratory (ORNL) and the Automotive Composites Consortium (ACC) of USCAR have developed a new integrated virtual and physical test system for hydraulic, high-force, high-velocity crashworthiness experiments of automotive materials and structures.  The unique system, a test machine for automo​tive crashworthiness (TMAC), permits con​trolled, progressive crush experiments at programmable velocity profiles and high force levels.  More details about the TMAC system can be found on http://www.ntrc.org.

The tube crush experiments were conducted at the National Transportation Research Center user facility in Oak Ridge, Tennessee. The TMAC system is shown in Figure 1. 
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Figure 1. 
Test machine for automotive 

                    crashworthiness. 

The ability to control displacement (velocity) and the large lateral stiffness of the machine allows for strain history measurements that are not practical in drop tower equipment. TMAC’s high load capacity allows for controlled velocity history during the test.  

The materials used in circular tube tests were mild steel, High Strength Low Alloy steel,  Dual Phase and Transformation Induced Plasticity steels of various grades, Bake Hardened steels. The tests were ran under constant crush velocities, 0.06 m/s, 0.6 m/s and 4 m/s. Majority of materials were tested under 0.6 m/s and 4 m/s.  The circular tube test program has been completed. The results are available on the project web site 

thyme.ornl.gov/ASP_Main/crashtests/crashtests.cgi
The data can be interactively selected and displayed. The available data consists of time histories of force, displacement, strain measured in tube axial and hoop directions, and high speed movies. The data selection access is shown in Figure 1.
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Circular Tube Crash Tests

Mild Steel

Test Label [Grade [MPa][Speed [mm/s][Gage Pattern|Select|
DQSK-015 210 600 symmetric | O
DQSK-020 210 600 symmetric | O
DQSK-200 210 600 symmetric | O
DQSK_010" 210 600 symmetric | &
DQSK_011* 210 4000 ‘symmetric 5]
DQSK_012 210 4000 symmetric | O
DQSK_013* 210 60 ‘symmetric 5]
DQSK_014. 210 60 symmetric | O

Microalloyed Steel

Test Label [Grade [MPa][Speed [mm/s][Gage Pattern|Select|
HSLA-005" 350 4000 asymmetric | O
HSLA-006" 350 600 asymmetric | O
HSLA-007 350 60 asymmetric | O
HSLA-008 350 600 asymmetric | O
HSLA-020 350 60 asymmetric | O
HSLA-021 350 60 asymmetric | O
HSLA-022 350 600 symmetric | O
HSLA-023 350 4000 symmetric | O
HSLA-024 350 4000 asymmetric | O





Figure 1. Test selection panel

The selected tests can be then be further analyzed and compared. Display of the force-displacement for mild steel circular tube is shown in Figure 2.
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Figure 2. Display of force data for impact test.

Available data also include synchronized high-speed video, force, displacement and strain gage data. The data is used for verification and development of computational crash models. A synchronized frame of the data is shown in figure 3.
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Figure 3.  Synchronized data from crash test. (Top graph shows force time history, lower left and right graphs display strain gage data in axial and hoop directions, respectively).

Octagonal tubes made of spot-welded profiles were manufactured and delivered for testing. The test specimen is shown in Figure 3.
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Figure 3.  Octagonal tube crush specimen

The tests will be conducted using the same regime of crush velocities. The measurement of load variation with impact speeds and investigation of corner strains will be focus of these tests. These tests will be conducted on three different steel material grades: DP590, DP780, and HSLA340. For each of these materials, nine tests will be run, corresponding to three replicates at three different test velocities. In each case, two out of the three replicates will be instrumented with a maximum of nine strain gages. The geometry of all the tubes will be the same for all material grades to allow for comparison and common tube fixturing. A test for developed crush configuration is shown in Figure 4.
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Figure 4. Crush test at constant velocity of 0.6 m/s
Conclusions

Three steel materials have been tested under constant crush velocities. The constant crush velocity and hydraulic-based testing systems provide unique tightly controlled testing environments for structural and material characterization.  The experimental data are used for validation and evaluation of modeling approaches, and for development of modeling guidelines for HSS materials and structures under impact loads. 
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Future Work

The future work on the project will focus on two topics:

1. Crushing of octagonal tubes in TMAC test machine. The geometry is characteristic to the front-end designs of new prototype vehicles.
2. Development of new coupon-level crash characterization experiments.
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