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History of the process at HZG

Stitch Friction Stir Spot Welding
(Stitch FSSW)

HZG Patent (199 56 963.0)

Priority date: 18.11.99 _
Fm.aon Stir Spot We 'qu l

GRS Fors (h,‘ {SZerdIL

Presented at the 2. International FSW
Symposium in 19991 — First mention ever
to “Friction Stir Spot Welding” in the
literature.

1 Schilling C, von Strombeck A, dos Santos JF, von Heesen N. A Preliminary Investigation on the Static
Properties of Friction Stir Spot Welds. 2nd International Symposium on Friction Stir Welding (2ISFSW)
[Internet]. Gothenburg, Sweden: The Welding Institute (TWI), Cambridge, UK; 2000. Available from:
http://mwww.fswsymposium.co.uk/EasySiteWeb/GatewayLink.aspx?alld=1238963
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Friction Spot Welding
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1C. Schilling and J. F. dos Santos: Method and device for joining at least two adjoining work pieces by friction welding. US Patent US00000006722556B2, April 2004.
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History of the process at HZG

Friction Spot Welding
(FSpW)

HZG Patent (199 55 737.3)

Priority Date: 18.11.99

US Patent!: US00000006722556B2,
April 2004

The process was employed for the
first time in the EU Project WAFS.
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1C. Schilling and J. F. dos Santos: Method and device for joining at least two adjoining work pieces by friction welding. US Patent US00000006722556B2, April 2004.
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Refill Friction Stir Spot Welding: Machines

Friction Spot Welding Machine > Developed in a technology transfer project with
the participation of HZG, Harms&Wende and
RIFTEC

Max. 20kN and 3000 rpm

Independent drives for sleeve and pin
Tool cooling

Pneumatic clamping

vV V VYV V V

Commercially available

e

Tool

Pi assembly
it Sleeve al ; ;

@ 6 mm amping Ring

© 9 mm @ 14,5 mm

Refill Friction Stir Spot Welding Tool
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Refill Friction Stir Spot Welding: Machines

Tool stroke: 10mm (max. penetration depth
Max. axial force (pin and sleeve): 10kN
Max. Torque (pin adn sleeve: 60Nm

X,y specimen table 1,5m x 1,5m

Water cooled
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Motivation and Objectives

Reduce non-recurring assembly costs (tooling) and number of activities in the assembly
lines:

hole-to-hole assembly

Avoid as much as possible conventional assembly methods where parts have to be taken
apart after drilling for deburring activities:

single step assembly

Reduce assembly time and improve quality by as much automation of the remaining
activities in assembly as possible:

automated assembly

STORIS"
» Results: reduction of production cost /




AA2024-T351 and AA2024-T3 ALCLAD

Process

Spot weld

» No dwell time
» Clamping ring pressure 2,8 bar

» Spot weld diameter = 9mm (sleeve
diameter)

' d
> Clamping force constant = 14.5kN Based on ISO 14273

Base Material
» Sheet thickness: 2,0mm

» Material in the as-delivered condition (no surface treatment)

Mechanical performance assessment
» Lap shear tests

» All tests performed in triplicate
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»  Full Factorial Design for 3-Level Factors

(34)*
32 = 2 factors in 3 levels

Rotation Speed
Condition (rpm) Time (s)
1 1900 4.8
2 1900 5.8
3 1900 6.8
4 2400 4.8
5 2400 5.8
6 2400 6.8
7 2900 4.8
8 2900 5.8
9 2900 6.8

+ Analysis of Variance (ANOVA)

*S.T. Amancio, A.P.C. Camillo, L. Bergmann, J.F. dos Santos, S.E. Kury, N.G.A. Machado, ,Evaluation of the Process-Properties Relationship of Al 2024 Friction Spot Welds*,
Proceedings of 12th International Conference on Aluminium Alloys (ICCA-12), Yokohama, Japan, 8th September 2010
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AA 2024 -T3
Selected Time: 5,8 s
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Results AA2024-T3
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Alclad 2024-T3 Selected Time: 5,8 s
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Results AA2024-T3
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AAT475-T761

Process

Spot weld

» No dwell time
» Clamping ring pressure 2,8 bar

» Spot weld diameter = 9mm (sleeve

diameter)
Based on ISO 14273

» Clamping force constant = 14.5kN

Base Material
» Sheet thickness: 2,0mm

» Material in the as-delivered condition (no surface treatment)

Mechanical performance assessment
» Lap shear tests

» All tests performed in triplicate
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»  Full Factorial Design for 3-Level Factors (3K)

k 32 = 2 factors in 3 levels

Rotation Speed
Condition (rpm) Time (s)
1 1000 7.4
2 1000 9.4
3 1000 11.4
4 1400 7.4
5 1400 9.4
6 1400 114
7 1800 7.4
8 1800 9.4
9 1800 11.4

+ Analysis of Variance (ANOVA)




Results AA7475-T761

AA 7475 - T761
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AA2198-T8

Process

Spot weld

» No dwell time
» Clamping ring pressure 2,8 bar

» Spot weld diameter = 9mm (sleeve

diameter)
Based on ISO 14273

» Clamping force constant = 14.5kN

Base Material

» Sheet thickness: 3,2mm and 1,6mm

» Material in the as-delivered condition (no surface treatment)

Mechanical performance assessment
» Lap shear tests

» All tests performed in triplicate
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AA2198-T8 Thickness: 3.2mm

= Results evaluated for Means and Signal-to-Noise (S/N) ratio values

= “Higher-the-better” criterion for response
(maximize the response and reduce the variability)

14.50 T 23 14.50 + +23
14.50 T 23
14.00 | —. 14.00 |
Z 14.00 + 125 o = +225 z L 225 4
= ~e = 13.50 - = = 13.50 - =
13.50 | = & ® 8
2 o 2 1o = c +22 =
3 13.00 + T2 Z S 13.00 - z S 13.00 z
= - = s z 1250 | s
% 1250 + L5 5 1250 t215 2 5 - T2L5 ¢
c c
2 12.00 | s § 12.00 | 3 § 12.00 3
] ] ° = o Lo =
3 t2a = 2 T2 = 1150 |
= 1150 Means SN ratio 11.50 ) : Means —— SN ratio
11.00 ‘ : 20.5 11.00 Means —+—SNrate | 5 11.00 : : 205
1500 2000 2500 4 - 10 3.7 4.2 4.7
Rotational speed (rpm) Welding time (s) Plunge depth (mm)

Parameters combination suggested by Taguchi results — Welding condition 10

Factor Level Note
Rotational Speed 2000rpm ] 5 Average Lap Shear Strength:
. . Higher Mean and S/N
Welding Time 10s catio values ‘ 14.73 kN
Plunge Depth 4.7mm

Optimised welding condition!!
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AA2198-T8 Thickness: 3.2mm R

150 ]

Base Material

140
130

120

Microhardness [HVo.2]

110

N C4 - 2000rpm, 4s, 4.2mm
100

C8 - 2500rpm, 7s, 3.7mm

C10 - 2000rpm, 10s, 4.7mm

Distance from weld center [mm]

C10: Highest joint strength (14.73kN)

C4: Intermediary joint strength (12.56kN)

C8: Lowest joint strength (10.97kN)

Deformed grains and initial Recrystallized grain structure — Grains in
recrystallization the direction of 90° in relation to TMAZ
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Max. Stress [MPa]

Maximum stress supported by the connections considering the Gross Area
Spot weld diameter: 9mm - Optimised welding parameters

160

Shear failure Pull-out failure

140 -
120 +
100 -
80 -
60 -
40 -
20

3.2mm 1.6mm
Sheet thickness

Using the optimised welding parameters, the
maximum stresses supported by the joints
are in a comparable level for both sheet
thickness

» High and Low Load Transfer (HLT and

LHT) Configurations

» Monotonic Shear Tests

» Mechanical Testing supported by Digital

Image Correlation

» Specimen Identification

Spot weld
diameter Pitch
HLT 1.6 - [9] - [1.50] - [3D @
} ' } }
Sheet Edge Number of

thickness distance Rows




Stress [MPa]

Results: Structural Assessment
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HLT1.6-9-15D-3D-2

400
350 1
300 |
250 |
200 |
150

100

50 HLT1.6-9-15D-3D-2A

r T T T T
0.0 0.5 1.0 1.5 20 25 3.0 3.5

Displacement [mm]

Mean Max. Stress: 344 MPa

v" Sheet failure

Stress [MPa]

HLT1.6-9-1.5D-3D -3

400
350 —
300 —
250 —
200 -

150

100

50' HLT1.6-9-15D-3D-3B

T v T T T T T T T T T 1
0.0 0.5 1.0 1.5 20 25 3.0 35

Displacement [mm)]

Mean Max. Stress: 354 MPa

v' Sheet failure
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Numerical Analysis: Geometry

]
Lower Plate Lower Plate

/
Stir Zone 7 Stir Zone
/ /
/ @ ././

Upper Plate
7

Upper Plate

HLT1.6-9-2D-5D-2 HLT1.6-9-2D-5D-3

Weld Parameters

2.8 mm 1500 rpm

R

QX ' ; $0.75
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Material Interaction/Boundary Conditions

Pinned
(Uy=Uy=U; =0)

Movement
constraint Between
Upper/lower plate

/

/

Restriction
(U;=U;=0)

SZ

N
N Displacement
(U;=U3 =0)

Mesh size

=

)

0

it
W

0
(
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X
0\
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0
%

(
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Elements C3D8R

HLT1.6-9-2D-5D-2 335145 265951
HLT1.6-9-2D-5D-3 350598 269474

3
2L IR
OSSR,
EOCSRIXS
SR

Y 777
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Lap shear model, HLT1.6-9-2D-5D-2

Fracture Mode v Sheet failure

(Avg: 75%)
+4,985e+02
+4.570e+02
+4,155e+02
+3.739e+02
+3.324e+02
+2.908e+02
+2.493e+02
+2.078e+02
+1.662e+02
+1.247e+02
+8.313e+01
+4.159e+01
+5.410e-02




Force [kN]
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_ _ Lap shear model, HLT1.6-9-2D-5D-2
Lap shear model validation

N
[4)]

Simulation Aramis

PEEQ

(Avg: 75%)
+1.492e-01
+1.368e-01
+1,243e-01 r“
+1.119e-01 \
+9,948e-02
+8.704e-02
+7.461e-02
+6.217e-02
+4,974e-02
+3.730e-02
+2,487e-02
+1.243e-02
+0.000e+00

N
o

Tresca Strain

[%]
15.0
’ = . 135

120

15

| 105
——Experimental Data

— 90

-=--=Simulation - Shear
10 7

= 75
— 6.0

— 45

= 30
L5
0.0

S| P RPN S

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6

Displacement [mm)]

Coherent agreement between experimental and computational
model
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Fracture Mode v’ Sheet failure Lap shear model, HLT1.6-9-2D-5D-3

S, Mises
(Average-compute)
+5.307e+02
+4.865e+02
+4.422e+02
+3.980e+02
+3.538e+02
+3.096e+02
+2.653e+02
+2.211e+02
+1.769e+02
+1.327e+02
+8.845e+01
+4.423e+01
+1.287e-03
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Lap shear model, HLT1.6-9-2D-5D-3

w
o

Lap shear model validation Simulation Aramis i}

PEEQ
(Average-compute)
+1.519e-01
+1.400e-01
+1.283e-01
+1.167e-01
+1.050e-01
+9.333e-02
+8.167e-02
+7.000e-02
+5.833e-02
+4.667e-02
+3.500e-02
+2.333e-02
+1.167e-02
+0.000e+00

Tresca Strain
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Q | view
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Coherent agreement between experimental and computational
model
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» AA5754 (2 mm) and Ti-6Al-4V (2.5 mm)
» Rotational speed: up to 2500 rpm
» Plunge depth: up to 1.8 mm
» Dwelltime: 0-8s
» The mechanical properties of Al/Ti weld is comparable
with Similar A/Al joint
10 ] L] I 1
8- a Al/Al Joint__ - Interface
z [T o TTTTTTTTTTTTTTTTT
X v
g o 2 :
3 .
2 .| SAE AMS-w-ess8AT X |
£
a
8 24 Nojoint -
] connection
2
0 T T T T T T T T T
0 2 4 6 8 10

Results AA5754 / Tie4 Dissimilar Joints
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Dwell time (s) ISAE AMS-W-6858A: Standard for “Welding, Resistance: Spot and Seam”
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Results AA2024-T351/ CF-PPS

AA 2024-T351 / CF-PPS
» Adhesive forces (consolidated polymeric matrix)

» Macro- (deformation of metallic partner) and micro-mechanical anchoring (crevice and pore
filling as well as fiber entrappment at the interface)

Macro-mechanical Anchoring Micro-mechanical Anchoring

- saluminum

ek SoBE
" carbon fibers . polymer.matrix

B-PM-SGFS C14.01
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Lap Shear Strength: Al 2024-T351 / CF-PPS

» High mechanical strength (equal or better performance than adhesively bonded joints)

» Appropriate for all common metal surface treatments in aircraft and automotive

10000 -
AR: As received Mechanical grinding

" SB: Sandblasting 127 MPa
| CC: Conversion coating
PAA: Phosphoric acid anodizing

(o]
o
(=
o

/

| AB: Adhesive bonding

(22
o
(=
o

=Y

o

o

o
T

51,5 MPa
35,4 MPa //

2000 |- % 32 MPa

138MPa o 0

oL Y

AR AR SB SB SB+CC PAA
Surface treatment

Ultimate lap shear force [N]
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Final Remarks
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» Robust process parameters to join Al aircraft alloys have been developed based on
sound statistical basis

» The shear stress levels achieved fulfil in principle the requirements of the aircraft
industry under static loading

» The lap shear models developed in this work are able to test different geometric
arrangements with accuracy

» Damage tolerance relevant allowables should be determined to support the
introduction of this technology in primary structural elements

» Understanding of the thermomechanical phenomena should enhanced by modelling
studies

» [IW WG-B4 Standardisation Committee on Friction Based Spot Welding Processes




Outlook: Thermo-Mechanical Process Model

5, Mizes
[twa: FS%)

+2.32d=+0F
+2.68l=+DF
+2.417=+0%
+2.15]= + 0
+1.545 + 0%
+1.706= + 0%
+1.d62=+ 0%
+1.21E= 40
+9.747=+0E
+7.]1l=+DE
+4.E7d=+DE
+2.417=+0E
+0.000=+D0
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Sl=p: Bl=p-1
[nciement 0: Step Time = B.D

B tPimany Va5, M

Cr=laimed Yai: U Dalarmalan Scale Faciae +4.000=+00

Helmholtz-Zentrum
Geesthacht
Centre for Materials and Coastal Research

Tru fug 21 15:147

Step: Step-1 Frame: 0
Total Time: 0.000000
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Damage Tolerance Behaviour

>

To measure crack initiation and propagation
data that can characterise and control the
structural integrity and durability of spot welded
joints (single spot weld).

To conduct fatigue tests on welded lap joints
(multiple spot-welds) under realistic service
loading spectra.

To develop a single spot-weld model to
characterise the influence of multi-material
properties, residual stress and failure modes
due to typical defects and stress concentration
features.

To develop a multiple spot-welds model for
predicting the integrity, durability and damage
tolerance of spot welded joints.

To establish design method and parameters for
service durability and damage tolerance of
“spot welded fasteners”, and to conduct
sensitivity studies of such parameters.

Fabrication Aspects

» Development / adaptation of the process
technology for tartaric acid anodized (TSA)
and/or boric sulphuric acid anodizing (BSAA)
treaded surfaces

» Development / adaptation of the process
technology for joints with sealants

» Validation of corrosion resistance in a reference

environment

» Evaluation/development of NDT techniques for
detection of manufacturing and in service
defects







