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Prediction of Microstructure of TC1 of Micro Spot Welding Joint Based on Hardness
Map and the Analysis of Mechanical Properties

CHEN Si-biao', GAO Xing-peng’, YAN Zi-han®

(1.Shanghai Aircraft Design And Research Institute, Shanghai 201210, China; 2.College of Mechanical and Electrical Engineer-
ing, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

ABSTRACT: The work aims to investigate the influence of different welding parameters (welding current, welding time) on
mechanical properties of joint. The 0.05 mm thick TC1 foils were welded with the technology of precise micro resistance weld-
ing. The mechanical properties were evaluated by tensile-shear test and the different regions were defined and predicted by
hardness map coupled with microstructure observation. The welding time has a great influence on the diameter of 400 A, but has
little effect on other current parameters. When the other welding parameters remained constant, the shearing force of joint in-
creased with the increase of the current, under all the parameters. Too long welding time will result in the reduction of shear
force in different degree. The welding current plays the major role on mechanical performance of welded joint after small scale
resistance spot welding, and hardness map can accurately predict the different regions of the joint.

KEY WORDS: micro resistance spot welding; titanium alloy; hardness map; microstructure; mechanical property
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Fig.1 Schematic diagram of weldment
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Table 1 Parameters of the welding procedure

e SR ] /ms LRI
1 4 400
2 4 600
3 4 800
4 6 400
5 6 600
6 6 800
7 8 400
8 8 600
9 8 800
10 10 400
11 10 600
12 10 800
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Fig.2 Zone selected for the hardness test
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Fig.3 A load-displacement curve of tensile-shear test
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Fig.4 The curve of diameter-welding time under different

currents
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Fig.5 The curve of shear-welding time under different cur-

rents
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Fig.6 The curve of force under different diameters
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Table 2 Comparative analysis of experimental results and
fitting results

JEAZ T8 /um LA S5 /um RE/%
180 180.44 0.244
190 193.894 2.049
103 111.044 7.810
166 176.204 6.147
3 4if

1) M HMSEAAE, BTN 800 A, M54z
[ 4 ms B, 3k 0BT Y] J1 ik 8 RME, H 67.5N,
ML TR 400 ~ 800 A B, BEEHRAIRE, &
JEPEL M BT U) )R, M R ], i
BT 1 08N

2) YBEIER TR 400 A B, PR E AR R
Fisk (i) Fy 16 o B S 2 A, SR EE R A 600 A T 800
A B, & REEE T AR, A B KNG B AR
b, FES BT YI ) Bl A MR AR B3 R INTHE K

3 ) T Ak AR R DR e T LG R A X e (A
PEEM X BERE ) ST HERR TN , KEAZ T E Y TR
{H 5 S PR e 45 SR e KR 258 7.81% FEZ IR X 1) B
FE2)H 18.47 pm,

STk -

(1] s, RAWE, BRLE, %5 s HERGS&MpRS
N FHPERE[T). B8 42J8, 2006, 30(6): 850—856.
FU Yan-yan, SONG Yue-qing, HUI Song-xiao, et al. Re-

search and Application of Typical Aerospace Titanium

[11]

Alloys[J]. Chinese Journal of Rare Metal, 2006, 30(6):
850—3856.

FEER, T, TSRO B A R R 5 TR L A
PERERISEMAI]. AR 452, 2010, 31(10): 93—96.

YAN Keng, FANG Yuan. Influence of Processing Para-
meters on Performance of Friction Sir Spot Welding with
Re-filling Probe Hole[J]. Transactions of the China
Welding Institution, 2010, 31(10): 93—96.
GHAZANFARI H, NADERI M, IRANMANESH M, et al.
A Comparative Study of the Microstructure and Mechan-
ical Properties of HTLA Steel Welds Obtained by the
Tungsten Arc Welding and Resistance Spot Welding[J].
Materials Science and Engineering: A, 2012, 534:
90—100.

NADERI M, SAEED-AKBARI A, BLECK W. Quantita-
tive and Qualitative Investigation of the Heterogeneous
Microstructures Using Surface Hardness Mapping and
Dilatation Data[J]. Materials Letters, 2008, 62(6/7):
1132—1135.

PARKER J D, SIEFERT J A. Evaluation of Options for
Weld Repair of Grade 91 Piping and Components: Me-
tallographic Characterization[J]. Science and Technology
of Welding and Joining, 2013, 18(6): 507—517.

SONG H Y, EVANS G M, BABU S S. Effect of Micro-
structural Heterogeneities on Scatter of Toughness in
Multi-pass Weld Metal of C-Mn Steels[J]. Science and
Technology of Welding and Joining, 2014, 19(5):
376—384.

VITEK J M, BABU S S. Multiscale Characterization of
Weldments[J]. Science and Technology of Welding and
Joining, 2011, 16(1): 3—11.

WU X, BAKER I, MILLER M K, et al. Microstructure
and Mechanical Properties of Two-phaseFe30Ni20Mn
20A130, Part I: Microstructure[J]. Journal of Materials
Science, 2013, 48(21): 7435—7445.

RAMIJAUN T I, STONE H J, KARLSSON L, et al. Ef-
fects of Dilution and Baseplate Strength on Stress Distri-
butions in Multipass Welds Deposited Using Low Trans-
formation Temperature Filler Alloys[J]. Science and
Technology of Welding and Joining, 2014, 19(6): 461—
467.

KEEHAN E, KARLSSON L, ANDRE'N H O, et al. In-
fluence of Carbon, Manganese and Nickel on Micro-
structure and Properties of Strong Steel Weld Metals, Part
3—Increased Strength Resulting from Carbon Additions[J].
Science and Technology of Welding and Joining, 2006,
11(1): 19—24.

DELLAROVERE C A, RIBEIRO C R, SILVA R, et al.
Microstructural and Mechanical Characterization of

Radial Friction Welded Supermartensitic Stainless Steel



82

i

m e

T

i 2017 4£ 03 A

[12]

[13]

[14]

Joints[J]. Materials Science and Engineering: A, 2013,
586: 86—92.

GHAZANFARI H, NADRI M. Influence of Welding
Parameters on Microstructure and Mechanical Perfor-
mance of Resistance Spotwelded High Strength Steels[J].
Acta Metallurgica Sinica, 2013, 26(5): 635—640.
MCWILLIAMS B A, YU J H, YEN C F. Numerical Si-
mulation and Experimental Characterization of Friction
Stir Welding on Thick Aluminum Alloy AA2139-T8
Plates[J]. Materials Science and Engineering: A, 2013,
585:243—252.

MOON D W, LAMBRAKOS S G, WONG R J. Temper-
ature, Macrostructure and Hardness in High Strength Low
Alloy Steel Welds[J]. Science and Technology of Weld-
ing and Joining, 2003, 8(5): 334—339.

[15]

[16]

[18]

METZBOWER E A, MOON D W. Hardness Changes on
Pass by Pass Basis in Mild Steel Gas Metal Arc Welds[J].
Science and Technology of Welding and Joining, 2007,
12(2): 189—196.

YB/T 4334—2013. )& fEk &P L5 75k [S].
YB/T 4334—2013 Standard Test Methods of Tension
Testing of Metallic Foil[S].

FENG Chen, TONG G Q, ZHENWU Ma, et al. The Ef-
fects of Welding Parameters on the Small Scale Resis-
tance Spot Weld Ability of Ti-1AlI-1Mn Thin Foils[J].
Materials and Design, 2016, 102: 174—185.

YUE Xiao-kang, TONG G Q, CHEN Feng, et al. Optimal
Welding Parameters for Small-scale Resistance Spot
Welding with Response Surface Methodology[J]. Science
and Technology of Welding and Joining, 2016: 1—7.



