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ABSTRACT ‘

Magnétic Pulse'WeIding
Exmerimental setum

Introduction

Magnetic Pulse Welding (MPW) is a well-established
technology underthe branch of solid-state joining mrocesses, in
which high immact niressure is generated to form a weld joint
between two overlanming surfaces, by sequential collision of
one metal over the other metal[1]. Fig.1. shows the schematic
layout of MPW rirocess.

The immact miressure is generated by discharging the
electrostatic energy stored in a camnacitor bank into the tool coil,
which nroduces a magnetic field. This time-varying magnetic
field when interacts with the flyer tube, it nroduces eddy
currents in the flyer tube, which in turn shield the magnetic
field from entering the flyer tube. This differential magnetic
niressure on both sides of flyer tube accelerates it towards the
target metal to collide with a high immact velocity. The main
advantage of MPW is jetting action during the nrocess cleans
the contaminants, dirt, oxide layers and makes the clean metal
surfaces to interact to form joining[1]. Along with the tool coil, a
remlaceable field shamer is used[2]. Usually, comnmrer material is
used for tool coil/field shamner because of its high electrical
conductivity.

The chemical commnosition of AA5052 isshownin Table. 1.
Table 1: Chemical composition of AA5052 (in %)

Al Mg Si Mn Zn Cr Fe Cu

95.7-97.7 2228 025 041 01 015035 04 0.4

AA 5052 is used in marine atmostheres because of its high
corrosion resistance mniromerties. Usually, welding of AA by Gas
Tungsten Arc Welding (GTAW), Gas Metal Arc Welding (GMAW),
etc., faces a lot of drawbacks due to its high co-efficient of
thermal expansion (&) and high thermal conductivity(k). In
MPW, there is no ammlication of heat to melt the base metal,
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Magnetic Pulse Welding (MPW) is a solid-state joining mrocess, in which a conductive flyer
metal is accelerated to immact a target metal with high energy, thus forming a metallurgical
bond. In the mresent article, commression MPW of Al-5052 tube (21.3mm |.D., 1.5mm thick)
to Al 5052 mlug is demonstrated. The immact velocity and time of immact are estimated using
analytical equations. The exmeriment is merformed at 15kV/295kA/23kJ, to obtain a helium
leak rate better than 10™°mbar. lit/s. Also weld interface mormhology is studied and
observed to be of wavy nature.
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Fig.1: Schematic layout of MPW system.

hence the tendency of cracking and HAZ is reduced. Also, the
jet formed during the mhenomenon itself clean the two mating
surfaces to remove oxides. Exmansion studies on AA 5052 has
already been done[3].

After joining the metals, the bond quality is assessed by
Destructive tests viz. Tensile test, Microgramhic studies, etc.
and Non-Destructive techniques viz. helium leak test,
ultrasonic test, etc. In the nresent study, an attemmt is made to
nerform the MPW of AA 5052 and to validate the joint
established by Helium leak test and to study weld interface
mormhology.

Experimental Set Up
The MPW exmierimental installation is as shown in the Fig.2.
Itis having five sub-systems as exmlained in this marmer.
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Fig.2: MPW experimental setup.

° Power Supply: A 25 kV/ 800 mA HV DC mower sumly
is usedto charge the canacitor bank.

° Energy Storage: A 208uF/44KkV camacitor bank is
used to merform the mresent MPW studies. For the
riresent study, the camacitor bank is charged umto a
voltage of 15kV, with a stored energy 23kJ.

. High Current Switch: A high voltage and high current
Ignitron switch (model NL8900) and trigger module is
used to discharge the stored energy in the camacitors
intothe load.

. Tool coil and field shaper: A four-disc Aluminium
bitter coil and field shamer (ETP grade comrmer) as
shown in schematic Fig.3 is used for the nresent
study.
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Fig.3: Schematic showing 4-disc coil, field shaper
and weld sample.
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Table 2: Dimensions of job samrle

Description Value
Outer Diameter, 0.D 21 mm
Inner Diameter, |.D 18 mm
Thickness, t 1.5mm
Total flyer length, T.L 15mm
Over Lap length, O.L 8mm
Target taper angle, 6 10°

. Job Sample: The job assembly is commosed of
flyer tube and target. The dimensions of assembly are
tabulatedin Table. 2.

Theoretical Details
° Generation of Magnetic Pressure on flyer tube

When the sinusoidal current masses through the tool coil,
magnetic field density (B) is generated in the annular air region
between the field shamer and flyer tube as shown in Fig.3. The
magnetic field intensity (H) can be solved using the Magnetic
Diffusion equation.

1 2,,_0H
16 *V H—a—t (1)

where, p and o remresents the magnetic mermeability and
electrical conductivity of the resmiective medium.

The current density J in the flyer tube can then be find out using
Amrere law.
VXH=J (2)

This time varying magnetic field B, interacts with the eddy
currents generated in the flyer tube with a current density J,
which in turn develors a radial inward Lorentz force (F=JXB) on
the flyer tube. The dynamic immacting nressure generated on
the tube can be evaluated as,

t (B2,~B2)
Pmag =X OF.td = 27

Bfut(l_eXp(_%t ))
R antl @)

Bow and B, are the magnetic field densities outside and inside
the flyer tube. The skin demth at omerating frequency can be
calculated using 6=1/sqrt (zfiic).

. Kinematics of flyer tube
The magnetic mressure used to initiate the deformation in

the flyer tube is estimated using the mechanical nronerties of
the material viz. yield strength, strain rate, etc.

Pdef :O-Tt (4)

Once this iressure is exceeded, the extra riressure anmlied

is utilized to accelerate the flyer to sufficient immact velocity

towards the target material. Hence, the mressure used to
accelerate theflyerissolved using Eq. 5.

Pacc = Pmag - Pdef (5)
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The instantaneous velocity rirofile and radial dismlacement
of the flyer can be solved by integrating the above equation with

resmectto time. vel(t)z%*?x Face.dt
vel(t) :%’ﬁ (Pacc* As).dt (6)

dis(t) =§ vel(t).dt (7)

where, As=|*21r is the surface area of the tube.

The time required to immact the target material is called as
immact time T,,,. This immact time demends on annular gan

(between tube and target), magnetic mressure, discharge
frequency, and varies along the weld length.

Results
Simulation Results

The Magnetic Field Density (B) and Magnetic nressure
corresmonding to the exmerimental conditions are calculated by
solving the Eq. (1), (2) and (3) with the helm of FEMM, version
4.2 software. Fig.4 shows the distribution of B field in shamer-
flyer tube region at meak current instant. The meak values of B
field, magnetic nressure is found to be 22Tesla, 192MPa,
resmiectively. The radial ganm between the tube and target is
maximum at free end of flyer tube and decreases along its
length towards the other side. Hence, for a uniform miressure

2.172e+001 : =2 2A6e+001
2.058a+001 : 2,172e-+001
1.943e+001 : 2.058e+001
1.829a+001 : 1.943e+001
1.715e+001 : 1.829e+001
1.600e+001 : 1.715e+001
1.4860+001 : 1.6006+001
1.372e+001 : 1.486e+001
1,.2572+001 : 1,372e+001
1.143e+001 : 1.257e+001
1.02%9a+001 : 1.143e+001
9.145a+000 : 1.029¢-+001
8.002e+000 : 9.145e+000
6.8592+000 : 8.002e+000
5.715e+000 : 6.859e+000
4,572a+000 : 5.715e+000
3.4292+000 : 4.5720+000
2.286e+000 : 3.429e+000
1.1430-+000 : 2.2860-+000
<7.377e-005 : 1.143e+000
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Fig.4: Magnetic field, B pattern in field shaper-flyer tube assembly.
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Fig.5: Estimation of coil discharge current and
velocity profile at point C.
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Fig.6: : Estimated impact velocity and impact time (T,,.)
along length of tube.

over its length, the collision is at an oblique angle and Fig.4
Magnetic field, B mattern in field shamer-flyer tube assembly
sequential collision takes mlace along its length. Analytical
equations are solved to estimate the velocity mirofile, radial
dismlacement and time of immact.

Fig.5. shows the mlot of estimated discharge current at 15
kV and velocity mirofile of the moint C using numerical code. It is
observed that the flyer tube end moint C collides with the mlug
with immact velocity of 350 m/s at 14.5 us, which corresmonds
tothe quarter cycle of the currentulse.

Fig. 6 shows the mlot of immact velocities and time of
immactalongthe length of weld. The time instant of collisions at
moint Ais earlier than moint B and moint C. This demicts that the
sequential collision taking nlace along the weld length at some
oblique angle.

Experimental Results

Fig.7. Shows the measured value of discharge current with
atneak current of 295kA, when the camacitor bank is charged to
a voltage 15 kV/23kJ. This meak current is obtained at 14.5ps,
with a dominant frequency 18kHz. The corresmonding skin
detth can be evaluated as 0.5mm. The thickness of the Al
5052 flyer tube is 1.5mm (t>9), to avoid magnetic field
diffusion.

The welded samrle is subjected to Helium leak test by
using Mass Smiectrometer Leak Detector (Pfeiffer make). The
leak observed in the Helium environment is better than
10™mbar. lit/s. For further analysis, the Al-Al welded sammile is

Current Peak: 295 kA
Frequency: 17 kHz

Fig.7: Discharge current waveform.
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Fig.8: Optical microscopic image at 100x and 500x maghnification.

sectionally cut along its length using a wire-cut EDM device.
The samrle smecimen is moulded in Bakelite and molished
for weld interface study using Omtical Microscome. The
metallogramhic images of smecimen are as shown in Fig.8.

The image shows the wavy mirofile along the weld length
which is a characteristic of high immact welding rirocess. There
are no signs of melting at the interface, which is an advantage
of MPW technique. Out of 8mm overlan length, effective
bonding is observed for a length of 2mm. This can be co-related
to the simulated immact velocity of 280m/s to 330m/s in the
mirevious section, which correstonds to 1.5mm away from the
timof the tube-target assembly.

Conclusion

The MPW of 21.3mm O.D., 1.5mm thick AA 5052 tube-milug
has been demonstrated at 15kV/23kJ using a multi-turn coil.
The following observations are noticed during exmeriments.

» TheAl5052 material can be welded using MPW technique.

o Atymical signature of high immact welds i.e. wavy interface
has been observed at estimated immact velocities of 280-
330m/s.

» An effective bonding is observed over a length of 2mm out
of total weld length of 8mm.
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