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Friction Stir Welding (FSW): B
Ove rV| eW Rotational Speed

FSW Tool

Solid-state Welding Technology

Green and Clean Process

Eliminate/minimize Heat treatment

Superior Joint Quality

Promises Leakproof Assembly AL ISR

Endorses Several Dissimilar Combinations

High Productivity

SZ: Stir zone
Sustainable Process HAZ: Heat affected zone

TMAZ: Thermo-mechanically affected zone
Special Tooling and Fixture Requirements AS. Advancing side

RS: Retreating side
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Robotic Friction Stir Welding: State-of-art infrastructure
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v Force control robotic system

v Tool design and development i.e., stationary shoulder tool

v Process development through structure-property evaluations
v Plan for upgrading with online monitoring control



Friction Stir Welding projects

High-Speed FSW of Aluminium alloys for battery trays assembly in EVs (2019-2022)

e EVASTIR: welding speed of 5 m/min and extrusion-cast joining

Multimaterial & multiconfiguration welding of dissimilar aluminium alloys (2023)

e INTDEMO : Engine wall Demonstrator-T-Joints for aerospace application

Lightweight and leakproof electronic heat exchanger (2023)
e LEAFSTIR: HPDC Aluminium alloy joining
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Friction Stir Welding:
EV- joining applications

v'Battery trays

v'Battery frame structure

v'Battery Cell joining

v'Cooling plates/Heat exchanger for electronic components




Friction stir welding: Lightweight battery

?
trays assembly Why FSW*

Down Force

Welding Speed

Rotational Speed €=V
Source: MARPOSS FSW Tool

Stir Zone

‘Backing Bar|

v"  Clean and Green
process

v' Leakproof
v Superior joint integrity
v" Production Volume

> 2 m/min ?7?

AluStir Battery Tray Friction Stir Welding Hybrid Laser-MIG Welding  Flowdrilling” MIG Welding
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EVASTIR

High-speed Friction Stir Welding of battery trays assembly in EV industry
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Introducing new sustainable and green
manufacturing process i.e., Friction Stir
Welding to support design and fabrication
a cost-effective, scalable, lightweight and
crash-resistant battery tray for EVs.

» Achieved welding speeds up to 5 m/min

Friction Stir Welded Aluminium alloy Battery trays
for extruded Al alloys

 Develop repeatable joining process for D

high-integrity joints between cast and ik A Hydro
extruded aluminium alloys, using Friction N j—
Stir Welding. ESAB™
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How we started: Bead on plates >2 m/min

Starting with 0.5 m/min to 4.0 m/min

AT

@ 4500rpm-8.5kN

» Good surface appearance
» No surface tunnel
» No excessive flash




High speed butt welds: Surface appearance
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Presenter Notes
Presentation Notes
The higher amount of plunge force was used to ensure the complete penetration at lower rotation speed, since the better trade-off between tool rotation and plunge force is very crucial at such a high welding speed.
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High speed butt welds: Surface appearance

4.0 m/min

4.5 m/min

4000
rpm

3500
rpm

* Patel et al. (2022) Materials Letters, 318, 132-135.

Optical micrograph of the weld cross sections at
different high welding and rotation speeds.
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Presenter Notes
Presentation Notes
It is very important to notice that hardness distribution curves in all high speed weld cross sections are ‘U-shaped’ instead of ‘W-shaped’ in lower welding speed conventional FSW. It suggests that high speed joints have not significant difference of hardness between SZ and HAZ, whereas sudden rise of hardness while moving from HAZ to BM. 
For 4.5 m/min of welding speed, the similar hardness distribution in SZ regardless of tool rotation speeds. Where as for 4.0 m/min welding speed, slight increase in the hardness was found at 3500 rpm rotation speed, with increasing trends of hardness with decreasing rotation speed.



High speed butt welds: Joint strength
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Optical micrograph representing fracture location and mode of failure: =
w
1t mode: fracture starts from the weld top surface near RS 5 100+
2nd mode: fracture is further progress towards the bottom of the weld 50-
via lower hardness zone i.e., TMAZ/HAZ hardness~50 HV 5
BM 4500 rpm 4000 rpm 3500 rpm

Tensile behaviour at different weldin-g..,._:-.....
and rotation speeds along with. BM.:

* Patel et al. (2022) Materials Letters, 318, 132-135. (JNIVERSITY WEST



Presenter Notes
Presentation Notes
The highest joint efficiency of 72% reported by joint produced at 4 m/min and 3500 rpm. In contrast to this, the lowest joint efficiency (∼65%) found for the joint produced at 4.5 m/min and 3500 rpm. 
Tensile specimens are fractured from the TMAZ/HAZ interface on RS of the welds.



High speed weld: structure-property relations
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4.0" m/min :

EBSD of the different microstructural zones of
fractured weld cross section of 4 m/min:
Crystallographic orientation maps (a) BM, (b)
SZ, (c) HAZ; and grain size distribution of
corresponding maps (d) BM, (e) SZ, (f) HAZ
corresponding grain size distribution.
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* Patel et al. (2022) Science and Technology of Welding and Joining, 27, 250-255.



Presenter Notes
Presentation Notes
SZ represents fine equiaxed grain refinement of 7.2 µm from the coarse grain size of ∼50 µm of BM. 
The lowest hardness zone, i.e. HAZ presented a coarse grain size of ∼47 µm near that of the BM.


High speed FSW butt joint @ 4.0 m/min: Summary

v Good weld surface
produced at high welding v' Full penetration

speed v' Defect free
v" Tensile Failure occurred from HAZ
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High speed FSW: Challenges/ Learnings
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. Fixtures

- v Tool failure
v'Defect free welds
v'Full penetration

v'Joint strength
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Tool development: Stationary shoulder FSW
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Stationary Shoulder

| Rotational Probe
|

Base Material /

v Flash-Free surface finish

v Smaller temperature gradient across the
thickness

v Probe/Pin dominated weld nugget

v" Sticking of aluminium increases on
iIncreasing the plunge force

v Probe failure
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| Battery frame structure |

Dissimilar Al alloys: Extrusion to Cast

Stationary Shoulder Friction Stir Welding (SSFSW)

Rotating Pin

Stationary Shoulder

Al 6063-T6
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Demonstrator 1:
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Weld-cross section



Demonstrator 2:
Stationary shoulder FSW battery tray ey wesT




ooling plates/heat exchanger

Lightweight and Leakproof Electronic Assembly
by FSW in BEV: LEAFSTIR

« Replacing fastener/screws by FSW
to achieve lighter, strong, leakproo
and cost-efficient assembly for
electronic heat exchanger unit in
Swedish BEV.

VOLVO
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TWO QUALIFICATIONS IN ONE PROGRAMME

Master in Welding Technology

1. Degree of Master of Science
(120 ETCs) Technology

2. Plan for International
Welding Engineer qualification
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Chairman of ANB

Examination Board Head of Training School

“Nils Stenbacka

Svetskommissionen
Authorised Nominated Body
ANB Sweden

Al canteats fearured o this ncluding logos a
cranyrs are protected by L opyeighs and ol

“This diploma is subject 1o the rules concerning its use and misuse
See overleaf



Vocational Education — Specialist in Welding

Automation
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Better Effect of Training (BET

Photo:
Meldal VET sch
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Svetsteknologi - Provning och kvalitetssdkring vid
svetsning

Kursen ger en dversikt inom provning och kvalitetssidkring vid svetsning.

Vi analyserar hur olika svetsprocesser, arbetsrutiner och materialval kan paverka
kvalitet av svetsade produkter. | samband med detta diskuterar vi
materialkarakterisering och provningsmetoder samt reflekterar kring hur dessa
metoder for inspektion och kvalitetskontroll av svetsade produkter kan
anvandas.

Kursen vander sig till dig som vill ldra sig mer om hur man sakerstaller kvalitet
vid svetsning eller redan har praktisk erfarenhet i amnet men vill utveckla sin
teoretiska kunskap.

Innehall

Kussen tar upp féljande moment- Kursmaterial

Bok, kompend

«  Kvalitetssakring av svetsade produkter.

+  Svetsprocesser som MMA, TIG, MIG/MAG,
FSW, lasersvetsning, konstruktionskrav och N
riktlinjer. !}ﬂalgﬂlpp

s Mekaniska egenskaper och mikrostruktur av inom ulf
foljande svetsade material: Aluminium,
'] » Nickelbaserade superlegeringar samt olika Foérkunskaper

” stalsarter. Tee des hogkolestud: 4 tekmich ineiktnd
AT YOUR WORKPLACE + Uvardering och provning av ek (hegskclispene lle kandidt noms ki 190k
egenskaper och mikrostruktur. Altercativt relevant arbetslivsesfacenhet

+  Svetsbarhetsprovning med hjélp av Bifopa mesitforteckning om du soker baserat pi

. Varestraint och Gleeble. ¢ s ;
+  Introduktion till ofgrstrande provning. ﬂetﬁﬂﬂfﬂﬂa}ﬂ; ﬂ“L*"tt“ mall pi vir hemsida
L b 1 www hv se/produktionskurser
e |dentify the industry’s « * . . T
Industri och akademi
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Ovrig information
Frigor kan skickas til produktionsknsser@hv.se

Webbaserad kursform med enstaka

Mailjoel.anderssor traffar o o
? Kursen genomfors huvadsakligen pi distans i flexibla

och nathaserade focmer med en eller tvA) antal fysiska
® Other needs? taffar.  Onlineforclisningas  varvas  med
handlednings- och sedovisnings-llfillen via webb-
motessystem. Vissa tllfillen kommer att keiva
obligatosisk ntvazo on-line
PRI s project hes been funded with support from the European Commission. Thiy
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 Friction Stir Welding
 Ultrasonic Welding

Vivek Patel: ViveK.patel@hv.se

Thank You
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