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4 )

RSW is the most common joining
\technique in the automotive industry/

4 )
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[ Predicting failure of spot welds is a priority for the automotive industry ]
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R SW Fal I ure P red | Ctl on.: D informative regarding mechanics of fracture

Computationally demanding,
s fracture characterization of sadmes
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Tensile-bending Loading of Groups of Spot Welds
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Deficiencies in tensilébending loading of spot weld groups:
U How does failure mode affect the mechanical performance of
weld groups?

U What are the factors that dictate energy absorption capability
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Motivation Based on the Identified Gaps Within the Literature:

Process Optimization

Selecting a Suitable Welding Current That Produces Expulsiree Joints with the
Highest Load Bearing Capacity and Energy Absorption Capability

Mechanical Properties of Joints Under Shear/Tensile Loading

L ]
Assess the Validity of See-teasiebs Pr o]
Loading Conditions via KSII Tests
Mechanical Properties of Joints Under Tensile/Bending Loading

L ]
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Loading Conditions via Coach Peel Tests

Mechanical Properties of Groups of Joints Under Tensile/Bending Loading

Critical Factors Influencing Mechanical Performance of The Caiman Mode | Componen
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Task 1
RSW Process Optimization and
Seeger 0s Nominal Fai |l ur

3G-980 Optimized Spot Weld Weldability Lobes 3G-1180 Optimized Spot Weld
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Investlgated Materlals

1400
—3G-1180
1200 — 3G-980
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é 800
wnn
on
£ 600
<
gn 400
=
3G-980 (uncoated) 3G-1180 (uncoated) 200
1.4 mm thickness 1.4 mm thickness o < (N
Base material hardness: Base material hardness: 0 0.05 0.1 0.15 0.25
- < e feetimaiind
3OON6 HV 380N5 HV ngmeelmg rain
. . , Sheet UTS
Material c Mn Si CrtMotVv. Cu+Ni Ceq Material  Thickness  YS[MPa] oo TE [%] UE [%]
[mm]
3G-980 021 211 LAC e <0.01 0.64 3G-980 1.4 605R7.78 1002K8.29 19.89N0.50 16.8K0.55
3G-1180 0.17 2.52 1.59 0.28 <0.02 0.70 3G-1180 1.4 967N7.05 1181K19.02 11.83N0.6 8.1N0.35

YS, yield strength; UTS, ultimate tensile strength; TE, total elongation; UE, uniform elongatio
0.2% offset method was used to calculate YS
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Welding current [kA]
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RSW Process Optimization 3
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pal - F -}_’ “Q — n
Seeger s Nominal FdibFure *Sut f-acel3_
i 45 §
35 39 Joz
30/ |— Lap Shear =251
. 'S ]
3G-980 FDWS sl T Cross Tension 5 20
Z _
< 50| Coach Peel > 9 n
2 ® 10-
o | = 40 o
(nugget diameter: 7.0N0.1 mm) 5'_
O T T T T T T L O_ . .
O 5 10 15 20 25 30 35 40 Shear Tensile Bending (F
Displacement [mm] Strength Strength Strength n) [kN]
F " = =
a5 o O {— 5 — J=2 :3 g
30/, —— Lap Shear 301 | | <]
3G-1180 EDWS o5/ |— Cross Tension =25 | Pos
=’ X ] 125 =
£ 20] Coach Peel =0 I
g S b :
8 151 3 15] -~ J 0o
- Y4 | [ | & %
104 © )
. @ 10 I S ' Q
(nugget diameter: 7.0N0.2 mm) 5 Q 1 &
O ! T T L T T T 5_ F \$\
O 5 10 15 20 25 30 35 40 0- \\
Displacement [mm] Shear Tensile Bending ) [kN; UNIVERSITY OF
Strength Strength Strength W
2> WATERLOO

PAGE 14



. L ile/bendi Ti ile/bendi f .
Introduction > Process Optumuzauon- o e D e @ Conclusionsy

Task 2

Mechanical Performance of Spot Welds Under
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Combined Sheartensile Loading Methodology: The KSII Test

KS-II holder

KS-II spacer

KS-1I
K specimen |:>

DIC speckle

Rotating
[ holder

Window opening for coupon
displacement tracking

Shoulder bolts

WWQR

KS-II spacer insert

Pure shear
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Coupon Rotation and Slippage During KSII Tests:

3G-980 KSII 0 A(Pure shear) 3G-980 KS'lI 45A
!” 5 3G-980 0 degree Test 5 | g IH . 3G-98045Degree Test 4
3G-980 KSl 90A(Pure tensile)
3 e 2 3G-980 90 Degree Test 1
Slippage and rotation of the Slippage and rotation of the |§ii§5 )
KS-II coupons were KS-Il coupons were I
noticeablein negligiblein I
sheardominated tensile-dominated N
loading orientations loading orientations = ‘
gl | . -

Crosshead Displacement [mm]

PAGE 17



: o il ' ile/bending of :
Introduction > Process Optumuzauon- o e D e @ Conclusionsy

As = 0.00
At = 0.00

Developed Triangulation Method: =

201

Instantaneous tracking of nugget orientation 1

'g‘ 0.25
é D r 0.125
= i,
1 -0.125
/ / % _1 D r -0.25
\/ -0.375
" ] = 0.5
Cy(X45Y4) £ 20T
B A E -0.625
— 0.75
| -E =30 [ -0.875
= 1
= . . . . .
g. -30 =20 -10 0 10 20 30
- x [mm]
301 As = 0.00 v
| | At =0.00 0.875
-30 -20 -10 0 10 20 30 207 0.75
X pOSitiOﬂ |mm| 0.625
0.5
1 D i =1 0.375
at n' frame = = 0.25
E L 0.125
t 6,8 E 0 I
'\v‘/ : o,
N Projected nugget M -0.125
Projected nugget \ (\ tensile displacement -10 1 e
1 =4/ St2+68s2) %) 3 -0.375
displacement + A Projected nugget 08
shear displacement =201 il
Weld center 0.75
from bottom coupo: 301 0.875
atn® frame 1 1 1 1 1 1 1 S -1
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Sheartensile Failure Loci:
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Rotation [degree]

35

N w
h <
L L

[
<

[y
h

B 3G-980
B 3G-1180

Peak loadH

Load

Displacement

0° 10° 15° 30° 45° 60° 75° 90°
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Weld-groups

Updated Failure Surface:
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3G-1180 FDWS
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