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Please report your samples, experimental method and results, discussion and conclusions.  Please add figures and
tables for better explanation.

1. 5% Name of sample(s) and chemical formula, or compositions including physical form.

Cold-rolled steel sheets with the strength of 270(IF steel), 590(HSLA), 780(HSLA) and 980(Dual Phase) MPa.

2. RBRAERVHER (ERIIE VDG OFHE . TOEAZEBRLTZEL, )
Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons.

EXPERIMENTAL METHOD:

In—situ measurement of diffraction profile for the analysis of lattice strain and dislocation density during the
stress relaxation process was performed. The test pieces for uniaxial tension of mild and high—strength steel
with the thickness ranging from 1.04 to 3.36 mm in rolling direction were used. The geometry of the sample is
shown in Fig. 1. The measurement was performed during the uniaxial tension phase with strain rates ranging
from 1.0 x 10° s7to 1.0 x 10 s™', and the crosshead stops after uniaxial tension with 5%, 10%, 15% and 20%
elongation. Each measurement was carried out at each strain rate and elongation level before and after
crosshead stops. The measurement time during the stress relaxation processes were ranging 2 hours. The
experimental conditions are listed in table 1. Definition of the measurement time of sample deformation phases

are shown in Fig. 2.




2. EERAERUVEER (DDF) Experimental method and results (continued)
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Fig. 1. Geometry of samples
Table 1. Experimental conditions
Experiment No 3
780 590 IF IF IF 590 IF IF
Strain rate[/s] 1.00E-03| 1 0OE-0G| 1 00E-03| 1 0OE-04] 1 0OE-03| 1 00E-04| 1 OOE-04| 1 OOE-04 JMI
Width mm 6055 6027 597 6056 6 6 6018 6002 601 6501
Thickness mm 3349 3281 106 3353 1.092 1047 3293 1201 1 065 1 051
005 005 005 005 005 005 005 008 01

Astep1 [min) 15 15 15 15 15 15 15 15 30 30
Astep? [s] S 00E+O1 50 50 500 50, S00 500! 500 1000 1500
Astep3 [h] 2 2 2 2 2 2 2 2 2 2
Astep 4 [min] 15 15 15 15 15 15 15 15 30 30
t4 Igc] 9050 9050, 9050 9500 8050 9500 9500 9500 11800 123(131

T hickness mm

Astep1 [min]
Astep 2 [s]
Astep 3 [h] 2 2 2 2
Astep 4 [min] 15 30 30 30 30 30
t4 [sec] 14000] 12800 10850] 15800
Load

t0 t1 t2 t3 t4

step 1 Step 2 Step 3 | Step4 |

15min . 2h 15min

Time

Fig. 2. Definition of measurement time




EXPERIMENTAL RESULTS:

Strain gauges were attached on the center of each sample for the strain measurement. The samples were held
in the tension testing machine with a set of attachment brackets, as shown in Fig. 3.

The neutron diffraction patterns were obtained by Time—of—Flight method in BL19 (TAKUMI). A radial collimator
with the slit width of 5mm. A schematic view and a photograph of the experimental setup is shown in Fig. 4 and
5, respectively.

Diffraction profiles were obtained for all the tension—relaxation experiments. Fig. 6 shows the profiles obtained
for samples No. 4 and 17, which correspond to 780 MPa grade HSLA with 5% elongation, strain rate of 1.0 x 10™
s ' Profiles shown in this figure were obtained immediately after 5% elongation (No. 17), and after 2 hours
relaxation (No.4). Profiles obtained with several different accumulation times are also shown in this figure.
Diffraction peaks corresponding to the lattice plane (110), (200), (211), (220), (310), (222) and (321) can clearly

be observed.
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Fig. 4. Schematic view of experimental setup Fig. 5. Photograph
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Fig. 6. Profiles obtained for samples No. 4 and 1
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Fig. 7. Variation of lattice strain

Fig. 7 shows the variation of lattice strain of (110), (200), (211), (220), (310) and (222) planes for the sample No.
6 (IF steel, 5% elongation, 107 s™! strain rate). Black line shows the load measured by load cell attached on the
tension testing machine. By comparing these lattice strains with the strain data obtained by the strain gauges,
we can investigate the variation of strains during the stress relaxation stage, with respect to the direction of
crystal grains. These results can also be compared with numerical simulations of deformation, such as crystal
plasticity finite element method (CP-FEM), in order to understand the mechanics of stress relaxation.

We tried also to investigate the dislocation density by line profile analysis with modified Williamson—Hall /
Warren—Averbach method in conjunction with CMWP (Convolutional Multiple Whole Profile) method. The results
of IF steel (sample No. 6 and 20) are shown in Fig. 8. From these results, the change in dislocation density
before and after elongation can be observed. However, we need more precise analysis to detect the variation of

the dislocation density in stress relaxation stage.
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Fig. 8. Results of line profile anaysis

CONCLUSIONS:

— Variation in lattice strain for various lattice plane during stress relaxation was successfully detected.

— Variation in dislocation density between before and after deformation was able to be detected.

— We need to perform more precise analyses to detect the variation of the dislocation density in stress

relaxation stage.




