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Accomplished results

Microstructure characterization
Substrate characterization
Coating characterization with TEM

Artificial microstructure model

Plasticity description of constituents
Plasticity description of substrate
Nanoindentation test on coating

Formability characterization
Hole expansion test
Nakajima test

Failure criterion identification
In-situ bending test
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Comparison of the stress-strain curve between GA
DP980 (3 mm thickness) and EG DP980(1.5 mm
thickness): (a) engineering stress-strain, (b) true stress-

strain. Flow curves fitted using Swift equation
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In-situ bending test in LC-SEM

Experimental setup

The in-situ 3-point
bending test is performed
to characterize the failure
behaviour.

This identification is via
SEM.

Single-notched specimen
IS manufactured.
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In-situ bending test in LC-SEM

Results: force-displacement response

—GA DP980
—GI DP980
—EG DP980
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Note: Gl and GA samples 3mm thick, EG 1.5 mm thick
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Modified In-situ bending test in LC-SEM

Experimental setup

Regular in-situ bending test

sample Coating layer Substrate

Coating layer

Modified in-situ bending test
sample for coating layer
fracture observation
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Initiation from interface

ey

Initiation from delta phase
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Initiation from interface

EFE 10pm’ Mag= EO0X Signa A = SE1 Dt 7 Mew 2016 EFE 10pm’
Wh= 48mm EHT = 15.00 kv Phofo Ma_ = 3268

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Initiation from interface

SFE 10pm Mag= E00X . EFE 10pm’ Mag= ©5DKX Signsl & = SE1 Datle -7 bow 2016
— WD = 48mm — W= 48mm EHT = 1500 k' Pheto Ha. = 3263

GA DP980
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11
Formability and failure characterization

Modified In-situ bending test in LC-SEM

GA DP980




Formability and failure characterizati

Modified In-situ bending test in LC-SEM

EF E 10pm' Signal & = SE1 Crate :7 MWow 2016 EF E 10pm' Mag= 1E5DKX Signal & = SE1 Ceate :7 Wow 2016
EHT = 1500 kv Pheoto Ha. = 3274 W= 47 mm EHT = 1500 kv Pheoto Ha. = 3272

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

EFE 10pm’ Mag= & Signal A Cale :7 Mo ] EFE 10pm’ i .= 5
Wh= 47 mm EHT =150 Fhoio Ha 500 Fhoio Ha

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

10pm’ Mag= GS0DX Signa A 10pm'
WEh= 47 mm Gl W Phoic Ha

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

EF E 10pmt : Signal ¢ T B 10um' 150K X Signal & = SE1 Crale 7 hlew 2016
! 3 EHT = 1500 —Tq

Wh= 47 mm EHT = 1500 kY Phoio Ma. = 1

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

10pm' Mag= ES0DX Signal A= 7 EFE 10pm* Mag= 1.50K% Signl & Cotle -7 M
WEh= 47 mm EHT = 1500 kv D b Wh= 47 mm =13 o Phoioc Ha

GA DP980
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i
Formability and failure

Modified In-situ bending test in LC-SEM
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EF E 10pm’ Mag= G5DDX Signa A= 35
WEh= 47 mm EHT = 1500 kv

GA DP980

characterization

Mag= 15IKX

Wh= 47 mm
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i
Formability and failure characterization

Modified In-situ bending test in LC-SEM

10pm' Mag= EDIX Signd A = SE1 T ] 10pm* Mag= 150K X Signa A = SE1 Cale 7 Moew 2016
W= 47 mm EHT = 1500 kv Fhoto Ma. = 3287 Wh= 47 mm EHT = 1500 kv Phoio b

10 mm

GA DP980
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i
Formability and failure characterization

Modified In-situ bending test in LC-SEM
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Signal & ale 7 A EFE 10pm' Mag= 1.50 KX Signal A, = SE1
EHT = 1500 kv 3 Wh= 47 mm EHT = 1300 kY

11 mm

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

O

i ", Py : #i 8 i "
Mag= S00X Signal = Crate :7 Wow 2016 EFE 10pm!' Mag= 150KX
Wh= 47 mm EHT = 1500 kW Fhoto Ka. = 3503 o= 47 mm

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Mag= S0O0X Signal # Crrle :7 B 10pm’ Mag= 150KX Signal A
WCh= 47 mm EHT = 15.00 kv Photo Ma. = 3306 Wh= 47 mm EHT =14.100 kv

13 mm

GA DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Mag= EDIE Signd A= SE1
W= 47 mm EHT = 1500 kv

GA DP980
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Modified In-situ bending test in LC-SEM

Initiation of Micro Shear induced cracks
micro cracks in cracks/voids

coating layer in substrates
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

EFE 10pm* Mag= GSDDX Signd A = SE1 Cate :22 Mav 2016 SFE 10pm' ] Mag= 150K K Signal A= SE1 Dol 2% Ry 2046
f W= 4dmm EHT = 1500 kv FPhoto Ma. = 3626 | WLh= 44mm EHT = 1600 kY Pheto Ma. = 3624

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

F E 10pm* SO0 X Signd A = SE1 Mag= 15DKX Signal & = 5E1 Crale :22 Mav 2016
—| EHT = 1500 kW Wh= 44 mm EHT = 1500 kW Pheao Ma_ = 3551

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

a2 SFE 10pm' Mag= 15 Signa A = SE1 Caale :22 Maw 2046
Phofo Ma. = 3540 WD= 44 mm EHT =150 Pheto Ma. = 3G53E

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

SF E 10pm! Mag= G0ODX Signal & = 5E1 Cate :22 Mav 2016 1.50 K3 Signd A= SE1 Ceale :22 Maw 2096
Wh= d4mm ERT = 1500 kv Pheto Ma. = 3647 EHT = 1500 kv Pheto Ma. = 3646

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

EFE 10pm* Signal & = SE1 Cate ;22 Naw 2016 i Signal & = 5E1 Cate :22 Maw 2016
EHT = 1500 kW Phofo Ma. = 3663 EHT = 15.00 kv Phoio Ma. = 3661

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Plasticity induced wrinkles

Signal & = SE1 Cale (22 Maw 2016 Mag= 150EX Signal & = 5E1 Cate :22 Maw 2016
EHT = 15.00 kv Phoio Ma. = 3660 W= 44 mm EHT = 1500 kv Phoio Ma. = 3GEE

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Surface defects
inducéd crack
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EF E —| i sOox Signal & = SE1 Mag= 15D0KX Signal & = SE1 Cate ;22 Mav 2016
EHT = 1500 kv

W= 44 mm EHT = 1500 kv Phoio Ma. = 3664

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Surface defects
inducéd crack
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EFE 10pm' fag = SODX Signal A = SE1 Ceate :22 Mav 2016 fag= 1.50KX Signal & = SE1 Crale 122 Mav 2016
EHT = 1500 kv Fheeo Ma. = 3673 EHT = 1500 kY Phoio Ma. = 3671

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Surface defects
induced crack

EF E 10pm' SDDX Signa & = SE1 ag= 1.50K} Signal & = SE1 Crale .22 Mav 2016
EHT = 1500 kv EHT = 1500 kY Fhoto Ma. = 3677

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

Surfa-c'e défects
induced crack

SFE 10pm' Signa A = SE1 Crale (22 Maw 2016 Mag= 150K X Signal A= SE1 Crabe 22 Maw 2016
EHT = 1500 kW Fhoeo Ha. = 3687 WE= 44mm EHT = 15300 kv Fhoto Ha. = 3585

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

SFE 10pm* Signa A = SE1 Crale 22 Maw 2016 SFE 10pm* . Signal A = SE1 Coates -2 M 2016
EHT = 1500 kv Pheio Ha_ = 3684 EHT = 1500 kY Phoio Ma. = 3682

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

EFE 10pm’ Signal & = SE1 Cate 122 Mav 2018 SFE 10pm* Mag= 15IKX Signd &= SE1 Crate : 22 Mav 2018
—| WLh= 44 mm EHT = 1500 kv Fhoto Ha. = 3688

EHT = 1500 kv Fhoto Ma. = 3601

EG DP980
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Formability and failure characterization

Modified In-situ bending test in LC-SEM

SFE 10pm' I 500X SFE 10pm! Mag= 150KX Signa A = SE1 Crate 122 Hav 2016
Wh= A< W W= 44 mm EHT = 1600 kv Pheto Ha_ = 3607

EG DP980
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Modified In-situ bending test in LC-SEM

Plasticity Micro Surface defects
induced cracks/voids induced cracks
wrinkles in substrates

Displacement, mm
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Additional work for completion of Final Report

- Micromechanical simulation analysis in Chapter 4
(now includes crystal plasticity modelling, for each
of the Zn and Zn-Fe phases)

- Quantitative analysis of the crack initiation strain
by digital image correlation technique in the in situ
bending test in Chapter 5




Conclusion

Based on the regular in situ bending test, surface micro crack occurs earlier on GA
DP980 than EG DP980 and the number of surface micro-cracks on GA DP980 is much
larger than that on EG DP980.

The main crack of GA DP980 is considered to result from the large number of surface
micro-cracks, while the main crack of EG DP980 is less dependent on the surface

Mmicro-cracks.

Based on the modified in situ bending test, the surface micro cracks on the GA
DP980 are revealed to be initiated mainly from the interface and partially from the

intermetallic compounds. Then the crack propagates to the surface.

The initiation of these micro cracks in the coating layers of GA DP980 is at very early
deformation stage. While the initiation of the micro cracks/voids in the substrate is

much later at the middle deformation stage.

The delamination of the coating layer from the substrate occurs at the end of the

deformation stage and shear induced cracks appear on the surface of the substrate.
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