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Parts in vehicles

Scale and complexity for vehicles

10,000 - 30,000
parts Several

million parts
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Typical joining processes

Arc welding : Laser
welding

Welding: thermal effects

Adhesive bonding, mechanical
fastening: low strength

High performance, high

productivity, low cost, dissimilar

Forming processes using plastic deformation
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\ Joining processes by plastic deformation

Metallurgical joining (bonding):
Cold welding by rolling, extrusion, forging, etc.
Friction welding, Friction stir welding
Resistance welding, etc.
Mechanical joining:
Self-pierce riveting
Mechanical clinching
Joining by forming such as hydroforming,
electromagnetic forming, incremental forming, etc.
Fastening such as hemming, seaming, staking, etc.
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Joining mechanism

Metallurgical joining: large Mechanical joining: control of
plastic deformation plastic deformation

@High pressure

Pundh Interlock
Severe plastic = ! o | 1 J:

<: deformation |:> Upper sheet |

Lower sheet —
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The workpieces are
mechanically interlocked by
plastic deformation.
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The oxide films and contaminant layers at the
interface between workpieces are broken up by
severe plastic deformation, and the resulting
clean surfaces are bonded by high pressure.

Advantages and disadvantages of
joining by plastic deformation
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Advantages Disadvantages
Wide range of joining e Mainly overlap joint
materials, including dissimilar ¢ Geometrical unevenness
ones (metallic/non-metallic) of joining zone due to
No distortion, embrittlement  nature of processes
or residual stresses due to e More difficult correction
missing microstructural  and repair
transformation e Lack of standardisation
High process reliability and  and calculation methods
simple quality control
Environmental safety
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Conventional joining processes
by plastic deformation

Riveting

==

Friction welding

Seaming for
beverage cans

_ Double seaming
Recent developments and progress of
joining processes by plastic deformation
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Cold welding process |

solid-state welding process
Roll bonding

» Surface preparation:
scratch brushing (within 10
minutes), electrochemical
treatment and chemical
plating

Roll

S~ 7
Soft: large defor

Hard: small deformation
~

+ Plastic deformation: to
create clean interface

Pressure: to establish
welds
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| Cold welding processes

Cladding
metal

Air

3 Wire ends, "
cooler |

AlZn-Fe bearing

busbars,

wheel riMs T—= K=

} BWE Ltd.

Joining mechanism of cold welding |

(a) Brittle cover
layers created by

sl scratch brushing

20 um), and
contaminant films of
oxides and water
vapour (10-100 nm)

(b) Fracture of cover
layers and
contaminant films by
larger surface
expansion

c) Extrusion of virgin
etal and bonding

<&

| Calculation of bond strength \
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Cold welding of dissimilar metals

Milner et al.
Cu-Cu
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Ti Wodara Total reduction in thickness r = (hg-hy)/hy
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Friction stir welding

Tilt angle Large plastic dgformation: B
heat generation and metal stirring

Feed rale e Side view
..

éed -
|
! AS.
Material: aluminium alloy, magnesium, copper, steel, stainless
steel, dissimilar materials
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Application of friction stir welding

J Automobile




| Friction stir welding processes
—+Heat generation

—sMetal flow
e — Seam ﬁ
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(a) Butt joining b) Lap joining QB
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(c) T-joining Mazda Motor  (d) Friction stir spot welding

| Properties of joined workpieces

Base metal TMAZ Nugget

HAZ

MIG welding

Welding line

(a) Microstructure in cross section (b) Joined aluminium alloy
of AA7075-T6 butt joint sheets
Fratini Hitachi, Ltd
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Strength of joint
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(a) Static strength (b) Fatigue strength

Ericsson

© e

Joining of dissimilar metals

Stainless steel - AA6013
AA6181-T4 — DP600 I e T e R
= =

CuDHP — AA5083
o s T = Magnesmm alloy — AA6061

eraming e

AA2024-T4 skin and AA7075-T6 stringer

Finite element simulation of temperature distribution
in friction stir welding

Butt joining Lap joining

Ix.

Fratini

Ixn

Material constants: temperature dependent
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Self-pierce riveting for joining sheets
Rivet

Purw\rj{}l\74/(hard
4%' J /S‘EB'M

f D|e |

+ No pre-drilling hole
« Short joining time
Automobile
Sheet: aluminium alloy, steel, copper,
magnesium, sandwich materials, plastics,
multiple sheets, dissimilar materials
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Self-pierce riveting for joining sheets \

Punch “
Sheet| Yy Il Interfock .
holdel 5
Upper sheet
ower shee ] =
| —
Die Flaring

New self-pierce riveting processes |

Aluminium alloy rivet: Abe ~ Hydro-self-pierce riveting:
——— . Neuaebauer
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High speed self-pierce

riveting: Wang

Joining of multiple

(a) Start  (b) Driving through
upper sheet

(c) Formation of
interlock

sheets: Abe

Requirements for successful self-pierce riveting
* Driving of rivet skirt through upper sheet
* Flaring of rivet skirt in lower sheet
+ Avoiding of fracture in lower sheet
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| Mechanical clinching for joining sheets

Pun No rivet

Il | sheet !
holder | [|

 Upper sheet |

"Lower sheet ‘)_/—
Die|

(a) Start (b) Bulging (c) Compression (d) Formation of interlock
Requirements for successful mechanical clinching
« Forming of interlock
» Avoidance of excessive thinning of upper sheet at neck of joint
» Avoidance of fracture of sheets
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Application of mechanical clinching

Electrical appliances

Pressotechnik

Sheet: steel, aluminium alloy, coated, copper, magnesium, dissimilar materials
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| New mechanical clinching processes |
Dieless clinching of magnesium: Neugebauer
|

Two-stage flat i inchi
clinching: Tox |
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' Heated die

Clinching with prepunched sheet: Merklein
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Static and fatigue strengths in tension-shearing test
of aluminium sheets joined by self-pierce riveting,

mechanical clinching and resistance spot welding
-— —Self-pierce rivefing

---- Resistance spot welding ‘% Slight s||p
—g/lechanical clinching

(a) Mechanical clinching b) Self-pierce riveting
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(a) Static strength (b) Fatigue strength
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Joining of high strength steel and aluminium alloy
sheets
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Conventional die Optimised
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(a) Self-pierce riveting
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o
S
(ID (4]

o @
o
331

(b) Mechanical clinching
Mori
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Finite element simulation of self-pierce riveting and
mechanical clinching processes

Self-pierce riveting Remeshing
Driving through upper sheet

Fringe Loves
e e
00011
000 - 1
Loge-01 &
.00 01

Mechanical clinching
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Mechanism of joining by forming \

Ring __ - _ _
Hydroforming% // / 5
= 4 Plastuc

Tube Pt

Positioning Maximum expansion under  Elastic recovery
forming pressure
(a) Interference-fit joint

Joining processes by
electromagnetic forming,
crimping, shear spinning
7 and rolling are similar
(b) Form-fit joint mechanism.
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Application of joining by forming

(b) Heat exchanger:  (d) Lightweight frame '(:) .go"qtueetuii's (PST
(a) Camshaft: joining  joining by rolling or  structure (SFB Transregio 10) "roducts GmbH)
by hydroforming hydroforming 1
i I

oining
probe || Tybe-to

tubesheet
. M aint

‘ |

(c) Mechanically crimped
water hose coupling
(NEOPERL GmbH)

Electro-

magnetically~.

crimped joints.
Y

(f) Hydraulic compensation
vessels (Poynting GmbH)
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Joining by electromagnetic forming and magnetic
impulse welding

Magnetic field . Tensile strength of tube -

Z 8.0] steel 9sMn28k ¢

£ 60
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Tul ; Collar i
Bandrel i Tube i 0 04 08 12 16 20 24
(a) Compression (b) Expansion Gap a, [mm]

Tekkaya, Kleiner

Weld seam
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| Joining by crlmplng, shear spinning and rolling \

mented tools
Fittl

Sleeve‘&\Cnmping die y t
Rubber (8) Mechanical crimping
Tube g

Mandrel (2 paﬁs) ng
(a )Preformmg (b )Flnal cycle

Groche
lastomer i n .

Altan (b) Hydraulic crimping (c) Produced cartridge with ring magnets

Rolling element Collar
: L Hagedorn
Tube
Collar ~ Cone Tapered mandrel 38

(a) Adjustable joining zone  (b) Adjustable expansion

| Manufacturing of shaft having flange |

Non-heated Disk having bars Work-hardened
Matsumoto teeth i
Sha |:> i"
\ Pipe having flange =
(a) Formlng of teeth (b) Joining of
R by extrusion shaft and disk
Interfacial pressure 4 o N
Tube@ ing & potin ) = —3m )
o
sk < J
| (c) Product
(a) 1st ernkllng (b) 2nd wrinkling (c) Product \artins Kitamura
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Joining of materials having low ductility
and high strength
Sufficient ductility
Ultra-high strength steel Magnesium alloy sheets:

laser

sheet: mechanical clinching  assisted self-pierce riveting
980 MPa sheet ?

Optimisation of tool Durandet

clinching Abe

shapes in mechanical
@41

Ti—6Al-4V titanium alloy sheets

| Friction stir welding of of titanium alloy workpieces |
Polycrystalline cubic boron

1
nitride (PCBN),

iridium-based tool Broken pin
(a), (b) Tool steels (c) Tungsten
Fratini carbides
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Integration of joining into other manufacturing

processes
Reductions in production cost :
B ar@ Cutting
~
\njix

and lead time, improvement in

dimensional accuracy

Stamping + joining Forging + joining
B

Joining by forming, \ /

hemming, staking, Joined products
mechanical clinching, self-pierce riveting
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Application of CFRP \

lane: Airbus
Automobile: BMW — f s —

>
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GFRP ring and aluminium tube:
Joining by hydroforming

‘ —
Aluminium profiles i ﬁ
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In-process heat treatment using friction stir welding
and laser impact welding
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237 i | e plaé?:bstrate | Laser pulse

Rotational 715 715 1500  Holdd \ Darkened surface
speed [rpm]

Feedrate 214 105 105 . i et
[mm/min] arget bloc o
stainless steel (100 pm) aluminium !50 !E!

400 ym
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Joining processes by plastic deformation

Cold welding  Friction stir welding

Joining by forming
[//'_///J, =

Ar
14

Self-pierce riveting Mechanical clinching
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