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ResearcHRationale SWMG

ERSITY OF WARWICK

» Drive to improve the
performance of UHSS strip steel |
products aimed at the yellow
goods market.

» Cold bending operations form
hollow sections from blanks, a
limiting factor in the
development of the product.

» An understanding of the
(micro)structure property N
relationship is a key to enabling e ==r—mea it |
product improvement. =



Research Rationale OWMG

THE UNIVERSITY OF WARWICK

» Inhomogeneity leads to strain differentials

within the microstructure, contributing to poor
bending performance

» A range of factors cause this, some of which are
being investigated.
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Nanohardnesphase mapping of
mixed microstructure steels




Microstructural Features OWMG

THE UNIVERSITY OF WARWICK

Lower balnlte Auto tempered martensite
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» Carbides along one » Carbides along 3
orientation within lathes orientations (X,Y,Z)
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artensite/ Bainite Microstructures owma

THE UNIVERSITY OF WARWICK

25% autotemperediartensite,  75% autotemperedartensite,
75% lower bainite 25% lower bainite




Martensite/ bainite microstructures owma

THE UNIVERSITY OF WARWICK

Microhardness Data for RTQ701 (HV0.01)
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PHASE FRACTION
100% ATM= 75% ATM 25% L*50% ATM 50% L 25% ATM 75% L-5100% LB

Mapping arrays created using a range of steels with known
phase fractions of lower bainite &utotemperedmartensite.

LB microhardness: 378 (HV 0.01), ATM microhardness: 410 (I—J]V
0.01. of 31
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Nanoindentation

Load capacity from <0.2mN to 500mN with
hardness information determined from
load/ displacement hysteresis.

A hardness matrix is used to map changes
in the microstructure across a plane
section.

Strong dependence on indent volume of
Influence/ phase region size

.i% Ly )/

I 10pm 7/12/2018

20.0kV BED-C SEM WD 11.5mm 13:00:24

OWMG
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Hypothesis

» Theoretical indent map
overlaid onto etched optical
Images of a known ferrite/

pearlite mixed microstructure p

as proof of concept.

» Indent regions identified as
ferritic, pearlitic or across a
boundary.

» Range of equivalent indent
diameters Em-6em (approx.
1mN to 150mN indent load).

LJWMG

THE UNIVERSITY OF WARWICK
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Microhardness profiles SWMG

THE UNIVERSITY OF WARWICK

Ferrite/ pearlite microhardness
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MICROHARDNESS (HV 0.01)
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Material
» 100% ferrite m 80% ferrite 20% pearlite

50% ferrite 50% pearlite  ® 100% pearlite

Vickers HV 0.01 microhardness profiles taken using a Buehler Wilson
VH3300 hardness tester.

Microhardness is representative of the overall hardness of a material.
Compositionally dependent howeverule of mixtures applies. 10 of 31



Ferrite pearlite phase mappingswma

THE UNIVERSITY OF WARWICK

» Proof of concept
testing undertaken
using ferrite/
pearlite mixed
microstructure
steels.

Phase fraction
compared to
guantitative sample
data and image
analysis of etched
sample.

¢CKS alySS
the graph can be 1.5 2.5 3.5

used to determine a HARDNESS (2.5MN) (GPA)
phase fraction. 0.001C —0.17C  0.38C —0.71C

Ferrite Pearlite mixed microstructure
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Lower bainite andautotempered oJwma
martensite hardness arrays

Mixed microstructure 70mNnanohardness

CUMULATIVE FREQUENCUY
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S960 XRF mappiniyl() OWMG

THE UNIVERSITY OF WARWICK
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Y coordiante
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S960 XRF Linescan
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IWMG
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1.9
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S960 centrelinenanohardness Jwma

NANOHARDNESS (70MN GPA)
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» Approximately a 20% composition and hardness difference
between the enriched and depletagigonsmeasured. 17 of 31




Trial 718 centreline EDithescansowma

FeWt%

Mn W1t%
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THE UNIVERSITY OF WARWICK

Trial 718 centreline mapping “wmG

S960 subsurfacenanohardness N é

NANOHARDNESS (GPA)
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Average hardness from surface downwards with variance determined
and mapped.

Aim to use comparative tests to relate to strain/ shear band
formation.

Mean max depth800nm Mean indent side lengtd.6um.
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DIC bend testing GWMG

» Insitu SEM bend testing following sample
characterisation.

» Post test DIC strain analysis.

» Test to ASTM standards to minimise shear.

Tensile
surface

.

50mm

Compressive
surface 20 of 31




Bend test XRF SWMG

ERSITY OF WARWICK

» XRF through thickness of primary bend region.
» Potential for localised EDS in DIC area.

» |ldentification of compositional band density and
magnitude.

2mm sample 3 normal Fe
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Bend test XRF SWMG

THE UNIVERSITY OF WARWICK

2mm sample 3 tensile Fe

» XRF through thicknes: o g o8.5
of primary bend
region. 1000 S, |08.4
» Potential for localised 2000 3
EDS In DIC area. - g
» |dentification of T B o b
compositional band ~ “®©F 8
density and co0 .
magnitude. 3
' ' 98
0 2000 4000
@m
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2mm Sample 1 (initial testg nHV  owmc

THE UNIVERSITY OF WARWICK

» Cumulative frequency plot for 20x2nohardnessrray
at 70mN.

» Array taken away from bend test location so as not to
Induce surface defects/ surface work hardening.

» Maps/ plots can be compared.

2mm bend test sample 1

CUMULATIVE FREQUENCY

572 54 5.6 5.8
NANOHARDNES$SPA
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Inclusions OWMG

THE UNIVERSITY OF WARWICK

» Variety of inclusions have been found In
the sample includingaSMnSand

Signal A = SE2 Date :19 Jan 2020
- Time :16:41:51
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Longitudinal bend test data JwmaG

THE UNIVERSITY OF WARWICK

Force/ extension Longitudinal bend test curve
curve for bed

test.
Test objective

for identification [
of strain feature i
rather than 2
mechanical
testing, but

graph included
for reference.

£ 6
LINEAR ELONGATION (MM)
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DICstrain analysis SWMG

THE UNIVERSITY OF WARWICK

EHT =10.00 kV

10 ym Signal A = SE2 Date :19 Jan 2020
H WD = 15.0 mm

Mag= 400 X Time :16:03:50
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DICstrain analysis SWMG
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EHT =10.00 kV

10 ym Signal A = SE2 Date :19 Jan 2020
H WD = 15.0 mm

Mag= 400 X Time :16:08:51
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DICstrain analysis SWMG
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EHT =10.00 kV

10 ym Signal A = SE2 Date :19 Jan 2020
H WD = 15.0 mm

Mag= 400 X Time :16:10:29
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DICstrain analysis SWMG

THE UNIVERSITY OF WARWICK
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EHT = 10.00 kV
WD =15.0 mm

Signal A = SE2 Date :19 Jan 2020
Mag= 400 X Time :16:11:52

Le
=
3
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DICstrain analysis SWMG

EHT =10.00 kV

10 ym Signal A = SE2 Date :19 Jan 2020
H WD = 15.0 mm

Mag= 400 X Time :16:14:39
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DICstrain analysis SWMG

THE UNIVERSITY OF WARWICK

EHT = 10.00 kV
WD =15.0 mm

Signal A = SE2 Date :19 Jan 2020
Mag= 400 X Time :16:16:30

Le
=
3
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DICstrain analysis SWMG

EHT =10.00 kV

10 ym Signal A = SE2 Date :19 Jan 2020
H WD = 15.0 mm

Mag= 400X Time :16:18:10
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DICstrain analysis SWMG

THE UNIVERSITY OF WARWICK
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10 ym EHT = 10.00 kV
[ WD = 15.0 mm

Signal A = SE2 D.ate 119 Jan 2020
Mag= 400X Time :16:19:46
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DICstrain analysis SWMG
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EHT = 10.00 kV
WD =15.0 mm

Signal A = SE2 Date :19 Jan 2020
Mag= 400 X Time :16:21:08
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=
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DICstrain analysis SWMG
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