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Automotive Paint-Baking Cycle and Effects
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Bake-Hardening Effects on Fracture: PHS

PHS1500-AS at 0.001 s
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Bake-Hardening Effects on Fracture: Others

Published in SAE WCX 2024

Bake-hardening can hardly affect the fracture resistance of many cold-forming

CEI{ s SICEEIN], Vet may lead to early fracture in stainless steels and aluminium alloys
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Tensile Stress (MPa)

Q&P1180: Uniqgue BHI-Ps Trend (Abstract)

WiV ERESSMMIContinuously elevated BHI with increased pre-strain (Ps) levels

Tensile stress was calculated based on the nominal cross-sectional area
to avoid the ‘fake bake’ errors (discrepant from the DIN EN 10325 Standard)
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Q&P1180: Unique Fracture Strain Elevation

WiV MIE [evated fracture strain after Ps-baking

Fracture strain was derived based on the [g¥ie]ldlelpl(@S rq[[ei el ete] o] [eMisL=ltglele| (SAE WCX
2022) of virtual strain gauge length (VSGL) 0.5 mm on longitudinal (L) ASTM E8 samples
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Discussion: Fracture Mechanisms in AHSSs

,
Damage-fracture mechanisms: 1) (eI NEWINEGEL Bl ig ol -1

BEEIERIIS, 2) martensitic grains cracking, 3) inclusions and others (Azuma et al.,

2012; Mohrbacher, 2013; Hudgins & Matlock, 2016; Pathak et al., 2017; Heibel et al., 2018)
\ J

General goodness of fracture resistance / local ductility at similar strength level:

single-phase AHSSs > multi-phase without austenite > multi-phase with austenite

L1 \ 4
,
C-enriched austenite transforms to martensite in plastic deformation - In Q&P: C stabilizes
C-enriched/hardened martensite grains decohere from soft phases - austenite during steel
Early fracture = limited local ductility (Frémeta et al., 2021; Hu & Sun, 2023) processing (Clarke et al., 2008)
\

: :

Extraordinary necking resistance / global ductility due to the transformation-induced

plasticity (TRIP) effect (the essential Gen-3 AHSS microstructure design strategy)

\, Y




Discussion: Mechanisms in Processed Q&P118

,
Damage-fracture mechanisms: 1) (eI NEWINEGEL Bl ig ol -1

BEEIERIIS, 2) martensitic grains cracking, 3) inclusions and others (Azuma et al.,

2012; Mohrbacher, 2013; Hudgins & Matlock, 2016; Pathak et al., 2017; Heibel et al., 2018)

.

Target material — Q&P1180 (14% austenite + tempered martensite):

( . . L . _ )
C-enriched austenite transforms to martensite in plastic deformation -

Paint-baking tempers/softens the transformed martensite + no soft phasejigg

_ Retarded fracture after the Ps-baking processing y

Comparison — Q&P980 (14% austenite + martensite + ferrite) or DP980LCE:

[ With the soft ferrite, hardness difference remains = Unaffected fracture ]47




Experimental Characterization GDIS
On the Fracture Strain Elevation of the Ps-Baked Q&P1180

D

|. Quasi-Static Tensile Tests




Test Setup & Procedure |

Pre-strain (Ps) at 0.001/s - bake - reload (RL) at 0.001/s to fracture - post-process

Fracture strain formula: & = JZ/B (€1(ps+RL)% + E2(Ps+RL) % +E:%) # &ps + €RL

Infrared thermal camera in-
situ temperature monitor

FS measurement

i .
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Test Group 1 (Consistent Baking Condition)

Standard paint-baking condition: 170°C 20 min.

5 sample processing conditions:

1) As-received Q&P1180-Gl (L) Q&P1180-Gl (L)
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Temperature (°C)

Test Group 11l (Consistent Ps Level)

3 other practical baking conditions:
6) Ps5-T170t40 (longer baking time)
7)  Ps5-T200t5 (higher temperature, shorter time)

8) Ps5-T200t20 (higher temperature)
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Summary & Remarks

Group i: Only baking or pre-strain cannot elevate the fracture strain of Q&P1180.
Group i: Higher Ps level, higher fracture strain elevation.

Group ii: At a certain Ps level, either elevated temperature or extended time can elevate higher

fracture strain, yet such an elevation saturates at a certain limit.
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Experimental Characterization GDIS
On the Fracture Strain Elevation of the Ps-Baked Q&P1180

ll. Rate-Dependent Tensile Tests




Test Setup & Procedure |

Pre-strain (Ps) at 0.001/s - bake - reload (RL) at 1-1000/s to fracture - post-process

Fracture strain formula: & = JZ/B (€1(ps+RL)% + E2(Ps+RL) % +E:%) # &ps + €RL

Infrared thermal camera in- High strain rate

; ) : : FS measurement
situ temperature monitor tensile test with DIC



At Elevated Strain Rate Conditions

2 Ps levels (5% & 10%) vs. as-received samples:
« Higher Ps leads to higher tensile strength
« Similar fracture strain value valley at 10/s

* Higher Ps level contributes to better fracture resistance at all strain rates
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Experimental Characterization GDIS
On the Fracture Strain Elevation of the Ps-Baked Q&P1180

lll. Stress-State-Dependent Tests




Test Setup & Procedure Il

Pre-strain (Ps) at 0.001/s - bake - reload (RL) at 0.001/s to fracture - post-process

Ps control based on effective strain — displacement relationships from repeated pre-tests

Fracture strain formula: & = JZ/B (€1(Ps+RL)? + E2(Ps+RL)*+E¢°) # &ps + ERL
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At Stress-State-Dependent Conditions

2 Ps levels (5% & 10%) vs. as-received samples:

« Higher triaxiality ratio, more martensite was transformed at a certain Ps, and thus more tempered during baking

« Higher triaxiality ratio, higher fracture strain elevation (equi-biaxial may need to be reworked in the future)

Comparison: neither Q&P980 nor DP980LCE exhibited similar FS elevation after Ps-baking
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Experimental Characterization GDIS
On the Fracture Strain Elevation of the Ps-Baked Q&P1180
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V. Ongoing & Future Work




Tests on Tubular Samples

3-point-bending (3PB) and axial crush (AC) testing on Q&P1180-CR square tubes:
« 3PB: 400 mm span between the 2 supporters, 2100 mm anvil head, 10 mm/s anvil speed
« AC: 2 mm/s anvil speed

« As-received vs. baked (T200t20) tubes
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Ongoing & Future Tests

More advanced tests are ongoing or in preparation:
* Pre-strain at a subzero or warm temperature - bake - reload to fracture
« Pre-strain > bake - reload along a different strain path to fracture

« 3PB on as-received vs. baked Q&P1180-Gl hat-section samples at various speeds
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Conclusions

« Q&P1180 was found to exhibit elevated fracture resistance (as well as BHI) after Ps-

baking, which is unique in the investigated cold-forming AHSSs.

* 2 mechanisms determine such an elevation in the processed Q&P1180:
1. No soft ferrite grains (not as in Q&P980)
2. Mitigated micro-hardness differences between the transformed martensite and matrix after Ps-baking
* The microstructure of Q&P1180 keeps evolving in the automotive processing:
1. As-received: dual phase (austenite + tempered martensite)

2. After forming, a different dual phase (low austenite + transformed & tempered martensite)

3. After paint-baking, approximately monotonic phase (low austenite + tempered martensite)

* Various mechanical tests characterized such a fracture strain elevation.

* The ultimate goal is to inspire the future AHSS development and applications.
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