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Historical Background - Part 1

« 2012 - 2019: Priority Program 1640 ,,Joining by plastic deformation™ (German Research
Foundation)

« 2017 - 2020: Inter-institute cooperation for the investigation of the basic mechanisms in
collision welding processes ™ High-Speed Joining”
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Historical Background - Part 2

« 2018: Conference talk at ICHSF 2018, Ohio -
~ (f
« 2020: Publication of results metals weel
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ICHEF 2018: Jetting effects in mgact weldng
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Agenda

. Principle of impact welding

(Some) open questions realted to impact welding

Influence of the flyer mass — Experimental setups (#1 and #2) und findings
Influence of the temperature — Experimental setups (#3, #4 and #5) und findings

Cool application!
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1. Principle of Impact Welding
Applications and Advantages

@36 x 2 mm
1.4541

o —
Weld seam %

- -

@40 x 1 mm @40 x 1 mm @ 5,84 mm
CWO004A EN AW-1050 z.B. Inconel 706
(Cu-ETP) [Magneform, 1978]

[Fraunhofer IWS, 2018] : A
[Fraunhofer IWS, 2018]

— Similar and dissimilar metal welding
— Short process times (Js)

— No need for filler materials

— Applicable for tubular and flat parts
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1. Principle of Impact Welding
Definitions

(a)| Welding direction =——pp» (b)

Dispersed
jet

particles
(CoP)
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1. Principle of Impact Welding
Welding Windows

A
Critical Collision Point Velocity v,

Q

Q@

(@)

o

C

o=

Qo

D

[e)

O

Critical Collision Angle
for Jetti [Carpenter und
or Jettng , Wittmann, 1975]
Collision Point Velocity v,
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2. (Some) Open Questions Related to Impact Welding

1. Is there an effect of the flyer mass and the kinetic flyer energy, respectively, on
the welding mechanism and the welding result?

2. Is it allowed to neglect the temperature-based effects in the welding gap before

contact?
» l.Influence ofthe flyer mass? 2. Influence ofthe temperature?
Q A
o| .
2. \ Welding Area
o
z
O

Collision Point Velocity v,
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3. Influence of the flyer mass
Experimental Setup (#1 - Model test rig)

200mm
R N ‘

Target

Flyer

UNIVERSITAT Institute of Manufacturing Science and Engineering and Fraunhofer IWS / Jorg Bellmann
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3. Influence of the flyer mass
Findings (#1)

9 a 9 ﬁ
o 8 o 8
= 1= s
@ 7 5 g @ 7 ®
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S 5 o no bond 2 5 O no bon i
5 ® bond 5 | ¢ bond
5 Vimp = 262 m/s R s =2 mm

0 i 0 |

0.5 1.0 1.5 2.0 2.5 200 220) 240 260 280
thickness of flyer s in mm impact velocity v;,,, in m/s

The increase of the kinetic impact energy (either by the flyer mass or the
impact velocity) expands the upper boundary of the collision angle.
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3. Influence of the flyer mass
Findings (#1)

10 ‘
\\\ ¢ 2.0 mm

Z XN o 15mm
7 \&é B 1.0 mm

Increasing the flyer thickness s
expands the upper boundary of
the collision angle.

Averaged collision angle 8 in °

1000 2000 3000 4000 5000 6000
Collision point velocity v_in m/s
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3. Influence of the flyer mass
Findings (#1)

a) s = 2.0 mm; vy, =262 m/s; f =4.6°

o
ey

AT e, —
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L — — e —— ™
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AAAAAA

Melted and resolidified

5mm

weld interface

¥ ¥ ¥

“ 2um

The collision angle determines the microstructure of the joining zone.

Small angles: thermal effects (melting, solidification)
Large angles: mechanical influences (plastic deformation, jet)
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3. Influence of the flyer mass
Findings (#1)
d) s = 1.5 mm; v;,, =262 m/s; f§ =5.0°
Cveld quectionll (2

a0
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e

4 A4 4
oSl yak s b 8> ?
Melted and resolidified ©
interlayer

weld interface

Y ¥ ¥ ¥

2 um

5mm

e) s = 1.0 mm; v, =262 m/s; § =4.5°

Cweld direction 2

5mm,

The reduction of the wall thickness s decreases the upper boundary of the
collision angle. Thus, thermal effects dominate during the joining process.
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3. Influence of the flyer mass
Experimental Setups (#2 EMPT machine with vacuum chamber)
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; flyer velocity
/ a . e ’
PDV probes D d .| | Eight intensity
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3. Influence of the flyer mass
Findings #2

[E. Schumacher, A. Rebensdorf, S. Bohm, Influence of the jet velocity on the weld quality of magnetic
pulse welded dissimilar sheet joints of aluminum and steel, in «Materialwissenschaft und
Werkstofftechnik», 50, 2019, n. 8, pp. 965-972]
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3. Influence of the flyer mass
Findings #2

flyer thicknesss =2.0 mm

@mg

I:| 29mm ©

flyer thickness s = 1.5 mm

flyer thickness s =1.0 mm

]

» summed width <

The increase of the wall thickness s does not effect the gap width, but increases
the summed width of the weld seams.
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3. Influence of the flyer mass
Findings #2 |
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4. Influence of the Temperature

Experimental Setup #3
Working coil
TransluceN
plexiglas disc "

Vacuum
o chamber
S [,=4/6/8 )s,=1.5 S
SRSt SN C‘(’g'lg‘sago" (1] -
5 fmber] g detection) Aw
7 7 e 7=
S / a 7
< / _—
Q /I/I'IIIII, EN AW-6060 /
| C45 Parent part / / POM S Camera
P Flyer tube Camera Optical fibres
E=4.5K], I, = 360 kA, f =22 kHz chamber

Variation of working lenth /, and parent angle a >
Targeted manipulation of the collision angle

Bellmann, Joerg (2018): Patent WO 2018/050569 Al Method and Device for Monitoring the Process for a Welding Seam Formed by Means of
Collision Welding
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4. Influence of the Temperature
Findings #3

I, = 4/6/8
s I’ S

Case number
Working length / [mm]
Parent chamfer a
Surrounding pressure p [mbar]
Initial collision angle Bsim

Process glare with average
R/G/B value (5x5 pixels) at the
indicated position
Black: 0/0/0
White: 255/255/255

254/254/253 46/16/7 201/133/117  201/249/253 98/42/26
Circumferential weld No No Yes Yes No

Collision angle influences the process glare and welding result
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		Case number 

		#1

		#2

		#3

		#4

		#5



		Working length lw [mm]

		6

		4

		6

		8

		6



		Parent chamfer α

		0°

		0°

		0°

		0°

		5°



		Surrounding pressure p [mbar]

		1000

		0.1

		0.1

		0.1

		0.1



		Initial collision angle βSim

		6.4°

		9.5°

		6.4°

		3.4°

		9.9°



		Process glare with average R/G/B value (5x5 pixels) at the indicated position

Black: 0/0/0

White: 255/255/255

		

		

		

		

		



		

		254/254/253

		46/16/7

		201/133/117

		201/249/253

		98/42/26



		Circumferential weld

		No

		No

		Yes

		Yes

		No
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4. Influence of the Temperature
Findings #3 CIE 1931 color space chromaticity diagram

0.9
l, = 8 mm [, = 6 mm

Bsim = 3.4° = : Bsim = 6.4°
,BEXp = 5.0° : | | 7.6°
T = 8000 K - \ ! |

.‘ / /.'.f‘%.i.fii L‘

Chromaticity of black-body light sources of various temperatures (Planckian locus)
https://en.wikipedia.org/wiki/Color_temperature (06/20/2019)

Small collision angle  leads to higher temperature in the joining gap
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4. Influence of the Temperature
Experimental Setup #4

Vacuum chamber

PDV
control unit

d

{F lyer velocity

=

z _Light intensity

—
tf,start \—/,‘/( f) t

Optical/electrical
converters

TECHNISCHE
UNIVERSITAT
DRESDEN

: . . . Pulse generator
Image intensifier camera Lighting laser Cavitar

PCO hsfc pro and Canon 5D CAVILUX Smart (640 nm)
with 100 mm macro lens

Oscilloscope

Diffraction
grating
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4. Influence of the Temperature
Findings #4

V. ~243 m/s

imp

p =100,000 Pa p =100 Pa
Dark CoP
Parent sheet‘/ \

Flyer sheet with /

initial collision ¢

Bright reflection of the CoP
(a) . 5
Parent sheet

Flyer sheet with /

initial collision point

p =100,000 Pa

Surrounding pressure p influences the process glare
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4. Influence of the Temperature
Findings #4

Aluminum

./

= Pos. 2

(2

(b) 1,0
(a) 1,0 '
p =100,000 Pa 2 08
2 08 §z
3 8 06
g 06 R L =
S 0,4 ’-."’.,-_..v‘ QEJ 0,4
5 T, o=
> ) <
£ 02 < 02
& 0,0 . . e . 0,0
380 580 680 580 680
Wavelength A [nm] Wavelength A [nm]
The relative spectral intensities were measured and allow for a temperature
estimation in the joining gap: 5600 K.
TECHNISCHE Particle Ejection by Jetting and Related Effects in Impact Welding Processes & Interface Formation during Collision Welding o f Aluminum .
UNIVERSITAT Institute of Manufacturing Science and Engineering and Fraunhofer IWS / Jrg Bellmann Slide 23 DRESDEN \
DRESDEN Presentation of the Working Group High-Speed Joining at the International Conference on High-Speed Forming ICHSF 2021 // 15.10.2021 (Zoom) concept "‘



4. Influence of the Temperature
Experimental Setup and Findings #5

(a) Indentation of the
: Pi h
Welding A_ . Co | into -t ¢ (b) | I, =8 mm, small collision angle I
zone , . graphite witness _
Indentation of the CoP

1804

pin (C) Witness pins @ 2

C45-Steel
Parent part | | EN AW-6060

collision angle 1

Parent - SO
-1200 -

E o
8:1.5 o 3 2 400 ¥
= vy
B ®®S ® N £ -600 ' :
_ RC 7 , :
® K o : VYT
e % 1000 W Two s ML ATSE
‘E .
g
E

+i Aluminum Flyer- 0 Positionalong 2000
A Flyer tube inside pin diameter [pum]
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SEI

Witness pin (Tungsten) before MPW

10kV

Witnes

Particle
Al 86.6 wt %
09.6wt%

Fe 1.1 wt %
Mg 1.1 wt %

Cu 1.0 wt %

Si 0.6 wt %

38

. Tungsteri)'after MPW
[, =8 mm, low collision angle

BT .
tail (f)

e

Witness pin (Tungsten) after MPW

[, =4 mm, large collision angle 8
WD9Imm §855 x35 S500pm  e— SEI  10kV WD10mm SS55 x35 500pm  e— SElI  10kV WD10mm SS56 x35 500pm  —
(b) } (d) pe : . e Q} o ¥ (t) 3 i e
e e A oy : ey
; T s Pty A -~ o . o9 1 BTN § =
& o < T FET : e N y ' e £ #
& W S Sy Selely SF R O AT S
a0 — L & < CANEA S S
LR M w e h 3 o sy T - "
... . - : : s $ S, -.“' v _- | “(:ﬁ L 3 « y v‘.'"T fi » .“: t i
. A SR 1 W 9.2 wt % ¢ x gy , Al 82.1 wt %
t 7 e : i QL ik = o ! ;
v B ’ e - A O79wt% b N SR e () 13.9 wt %
] ; - ¢ ) ¥ & Ay o _
: ot . ; Fe 2.0 wt % Rl [c 2.8 wt %
; - . -y | R L .
W 98.7 wt % % L ol Cu 1.6 wt % ) Si 0.7 wt %
O 1.3 wt% N R Mg 0.6 wt % Mg 0.5 wt %
SElI  10kV WD9Imm 5855 x1,000 10pm — SEI 10kV WD10mm SS55 x.1.(l(10 10pm —' i SEI  10kV WD10mm SS56 x1,000 10pm — .
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4. Influence of the Temperature
Findings #5

B Witrtess pin (Steel) after MPW =4'mm, lar"gc collision angle'
Witness pin (Steel) before MPW [, =8 mm, low collision angle ) L

SEl  10kV WD10mm SS50 x40 500pum  — SEl  10kV WD9mm 5550 x40 SEI WD9mm S$S54

Al775wt % | B8 Particle  REREE s R

Fe11.4 wt % | [ Al73.3 wt % R Ba! Al 7.5 wt %

. > IR O 7.8 wt % [ S O21.7 wt% Zaias | Fe 11.3 wt % |
Fe 97.6 wt % M| SO TN [ 05 vt | PR O 10.2 wt %
Cr2.0wt % R O T e g 0.6 wt % B Mg 0.5 wt %
Si 0.4 wt% [N PR SRR Si 0.4 wi% Nl Si04wt% [ ESEEREEE Si0.5 wt %

SEI WD10mm  SS50 x1,000 10um —— SElI  10kV WD9Imm $S50

-

x1,000 10pm — SEl  10kV WD9mm $S554
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4. Influence of the Temperature
Findings #5

(a) Indentation of the
Welding A _ , CoPintothe
zone , 0" graphite witness
180 pin (C Witness pins @ 2
1. =4/8 / \
y -
g=15 = g LR o
SNy (5um ? O
15 : ®2,
C45-Steel : ®
Parent part | EN AW-6060 Parent ; Sl
WD10mm SS55 x1,000 10pm  =— SElI  10kV WD10mm S$S56 x1,000 10pm =——

’ ' Aluminum sl 'mk\-—'
A Flyer tube

Collision angle 8 Low Large
Temperature in the joining gap High (~8000 K) oW (<5000 K)
Vaporized withess pin surface Contains copper tracer Contains no copper

Structure of the vaporized witness : : Ragged surface, small
. Finely dispersed : )
pin surface aluminum particles

Welding result Welded Not welded

f Aluminum
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4. Influence of the Temperature
Consolidated Findings #5

« The effect of the collision angle can be monitored optically or by witness pins.

- The collision angle determines the temperature in the joining gap (v;,, = const.).

« Small collision angles

« Lead to higher temperatures in the joining gap due to intensive
compression of the Cloud of Particles (CoP)

« Support the surface melting of the joining partners
 Generate a fine dispersed metal vapor
« Support the fusion welding mechanism

« Large collision angles
 Lead to lower temperatures
« Generate a coarse metal vapor including particles with high kinetic energy
« May not enable welding, if the the impact velocity is too low
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5. Cool Application!

Application temperature is 1 K.
At the research Neutron Source Heinz Maier-
Leibnitz (FRM II), Technical University of Munich

[Fraunhofer IWS, 2020]

 Kryogenic cup (¥ 50 mm)made ofaluminum, stainless steel and copper = 3 magnetic pulse welded zones
e 15 times:shock cooling and heating from room temperature to 77 Kand vice versa

* Proofofleak-tightness with an inner pressure of 10> mbar at both temperature levels

* Video: https://www.youtube.com/watch?v=PTZkB4KuuKc
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https://www.youtube.com/watch?v=PTZkB4KuuKc

6. Conclusion

The welding result of impact welding processes is
determined by:

1. The kinetic flyer energy
» velocity (traditional welding windows)

« Mass > welding mechanism (press welding /
fusion welding)

2. The temperature in the joining gap e
 Can be controlled by the collision angle C e

« Determines the properties of the Cloud of

Particles (CoP) and the Jet SN Sihie fusion like

_ _ welding welding
« Is responsible for the surface melting before
contact

« Supports the reduction of forces on the tool coils
and joining partners
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