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Parameters for tube welding 10INEM
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Parameters for detailed investigation Experimental setup

Flyer tube

Capacitor charging energy E e, y

stand-off § I
Tube wall thickness w.t.

Initial gap between flyer and target Giitiq

Overlap O

Positioning

Pulsar g kV — 25 kJ —
m'grtmg s
Compression coils

Fixed parameters Single-turn coils

Capacitance C (690 pF)

Outer diameter of the flyer tube o (28 mm)
Active length of the coil or field shaper [ (15 mm)




Copper tube to stainless steel rod: parameter values

J0INEM
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e Flyer: Cu-DHP R25o tube
v 0.D.: 28x0.9mm

v 0.D.: 28 x1.3mm
e Target: stainless steel 304L (1.4307)
solid internal workpiece (rod)

Field shaper designed for O.D. 28 mm

15

Stand-off t

Test Confi- Coil system Wall Voltage Energy Gap Over # exp.
series guration thickness (kV) (kJ) (mm) lap
(mm) (mm)
Single-turn
R1 Tube-to- 8:field shaper 0.9&1.3 7.4-8.5 19-25 1-2-3 6-8-10 36
rod :
without a Single-turn 17.5-20-
R2 S without field 0.9&1.3 7.1-8.5 o £on 1-2-3 6-8-10 54
shaper 5725

Coil designed for O.D. 28.5 mm

RISt X PROESSTESTORMULR-HANERD ALY



Results: Joint quality parameters 10INEM
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Results for welding CU-DHP R250 tubes (OD 28 x 0.9 mm and 28 x 1.3 mm ) to 1.4307 rods

Frequency Maximum current

ST

+ [ |
Snapeti 2010 21 KniZ

22 to 23 kHz

No leak free assembly obtained with the field shaper.

Many leak free assemblies obtained with the direct acting coil.



Weld characterisation: Copper tube to stainless steel rod J[]|N’[M
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Metallography

overlap in mm

(00)

position (mm)

*Coil system: Single-turn coil with field shaper

*Energy: 25 kJ
Tubes with a wall thickness: 0.9 mm

180°slot 90°slot  slot

position (mm)

position (mm)

position (mm)

ASFEHE X PROCESIES TORMULT-HAER AES

Tubes with a wall thickness: 1.3 mm

180°slot 90°slot  slot

position (mm)

position (mm)

position (mm)

i 125

u 127

180°slot 90°slot  slot

position (mm)

position (mm)

position (mm)

i 130

180°slot 90°slot  slot

position (mm)

180°slot 90°slot  slot

position (mm)

position (mm)

n 131 1 133
10
9
T £ 8
E £ 7
$ § ¢ ————
5 £ s
g g 4
3
2
1
0

180°slot 90°slot slot

180°slot 90°slot slot

180°slot 90°slot slot

position (mm)

12 12 12
1 134 1 J35 1 136
10 10 10
9 9 9
8 £ 8 T 8
7 £ E 7
6 s S 6
5 = 2 5
4 g -
3 3
2 2
1 1
0 0

180°slot 90° slot slot

180°slot 90°slot slot

180°slot 90°slot  slot

1

2
gap inmm

3

1

2
gap inmm

3




Weld characterisation: Copper tube to stainless steel rod J[]|N’[M
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overlap in mm
oo

not welded

2y

Tubes with a wall thickness: 0.9 mm
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*Coil system: Single-turn coil without field shaper
*Energy: 25 kJ

Tubes with a wall thickness: 1.3 mm
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Welding window: Copper tube to stainless steel rod 'EM

e Flyer: Cu-DHP R250: tube with wall thickness: 0.9 & 1.3 mm » Coil system: Single-turn coil with field shaper
 Target: stainless steel 304L (1.4307): solid internal workpiece ¢  Freq. & current for welding: 20.7 kHz & 580 kA
(rod) (field shaper)

Tubes with a wall thickness: 0.9 mm

Telham waridlea A varmll dlhicliiaacem. @ A 1varea
1UDES WITtN a Wail TNICKNEess: 1.3 mm
Weld length (mm) Weld length (mm)
= 180° of the field shaper cut 6 12?0° of the field shaper cut
146] [ I 1461 = .
I 7 “<0° of the field shaper cut i ~_\90 of the field shaper cut
0 | Leak free (green) or leak (red) 0 | Leak free (green) or leak (red)
|| In front of the field shaper cut L In front of the field shaper cut
overlap (mm) energy (k)
overlap (mm) energy (k) p =
10 N 425
425
419
419
6
& ! ] }> sap(mm) w.t. =1.3 mm
} } > gap (mm) w.t. =0.9 mm 1 2 3
1 2 3




Welding window: Copper tube to stainless steel rod 'EM
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*  Flyer: Cu-DHP R250: tube with wall thickness: 0.9&1.3mm  *  Coil system: Single-turn coil without field shaper

Target: stainless steel 304L (1.4307): solid internal workpiece ~ *  Freq. & current for welding: 22.5 kHz & 605 kA
(rod)
Tubes with a wall thickness: 0.9 mm

Tiilhac warnidklh o varall dhhislrimAacc:s @ ~ 1avraa
Weld length (mm) TUDECS Willl d vwall LIICKIIESS. 1.3 1Tl
>6 1§0° of the field shaper cut Weld length (mm)
I }::i} ~_\900 of the field Shaper cut I ] >6] 18I0° of the field Shaper cut
; 46
02 | Leak free (green) or leak (red) i ~_\900 T
B In front of the field shaper cut 0 | Leak free (green) or leak (red)
|| In front of the field shaper cut
overlap (mm) energy (k)
N
T25 overlap (mm) energy (k)
10 N
425
+22.5
4225
+20
+17.5 6
a
w.t. =0.9 mm : } > gap (mm) w.t.=1.3 mm
2 7 1 i 3
®&—= 3




morphology by EMW (tube)

Correlation of joint preparation (roughness) and weld

welded with waves  welded without waves

welded with intermetallics

J0INEM
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not welded

12 12 12 12 12
1 ] 137 11 193 1" 194 11 195 11 196
10 10 10 10 10
9 9 9 9 9
T 8 T 8 T8 T8 T 8
E 7 £ 7 E7 E 7 E7
H a £ b 5 0 £ 6 £ 6
% 5 ‘g 2 g 2 g n % h
2 1 2 1 2 1 2 4 2 a
3 3 E} 3 3
2 2 2 2 2
1 1 1 1 1
0 0 1] a g
1R0° an” slot 180° an® slot 180" 9n*® slot 180° a0” slot 1807 a0® slot
slot slot slat slat slot slat slat slat slot slot
Roughness — Ra 0.81 um (standard) Ra1.49 um Ra3.20 pm Ra 5.53 pm Ra 9.89 um

Fixed process parameters for this test series
Flyer tube: Cu-DHP; 0.9 mm thick

Target: stainless steel 304L (1.4307); rod
Initial gap: 2 mm

Overlap: 8 mm

The increased roughness:
» contributes to the weld initiation
e increases the weld length containing waves






Summary 'EM
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® The process parameters have been tested in 5-D:
® Single-turn coil with/without field shaper
® Capacitor charging energy
® Tube wall thickness
® Initial gap between flyer and target

® Overlap

® The direct acting single-turn coil is more effective than the single-turn coil
with field shaper to obtain leak free assemblies.

® The results are presented with a 3D overview, helpful to determine the
optimal welding parameters.

® The effect of the roughness of the target part has been tested.

® The roughness of the target part helps to initiate de wavy shape of the welded
interface.
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®Questions?

®*Comments?

THANKYOU




Acknowledgement

® The JOIN’EM project has received funding from the
European Union’s Horizon 2020 research and innovation
program under grant agreement No. 677660.

'EM

USTRIAL INE
Ei?tf IESE‘G Ll Sﬁ'li)"i

13



