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Pulsed Wire Discharge (PWD) Experiments  &  Exploding Wire Method (EWM)

- first discharge of capacitors through metal wires by Edward Nairne1774

Practical Application:

- high intensitylight source

- production method for metal nanoparticles

- method for sheet metal forming (using shock waves)

Advantage: - energymaybeadjustedveryaccurately
- no legal restraints
- newcapacitortechnologyallowssmallsetups

(2/21)



Current Pulse Shape of Exploding Wires
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time dependent

wire resistance



Goal of the Master Thesis:

Experimental investigations of exploding wires (alloy X5CrNi18-10)
- Statistical proof of repeatability

- Capacitor voltage variations

- Wire diameter and wire length variations

Design of a simulation model
- Derivation of a coupled differential equation system

- Software implementation

- first simulation results
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Experimental Setup

capacitorbankKB2, capacitorBankKB1, highcurrentswitch,
safetydischargesystem1, dischargechamberwith metal wire,
highvoltagedivider, digital storageoscillosopenr. 2, variable

inductanceL*, coaxialshuntresistor, digital storageoscillosopenr. 1
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Wire VoltageandCurrentMeasurements

Rogowksi coil

voltage divider

oscilloscope
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Methodof Data Analysis
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Experimental Investigationsof ExplodingWires
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Statistical Proof of Repeatability

- wire with same length(120mm) anddiameter(700µm) was used
- lengthvariationswherelessthen 1mm: dl<|±1mm|
- diametervariationswheremeasuredwith a micrometerscrew

in horizontal (dh) andvertical(dv) direction
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CapacitorVoltageVariations(wireswith d=700µm, l=120mm) 
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DischargeCurrentandResistance Characteristicfor different WireDiameters

600µm Wires 700µm Wires 800µm Wires
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Energyabsorbedin the Wiredependingon WireDimensions

- Energyabsorbedin wire maybe lessor larger than neededenergyfor total sublimation
- Influenceof wire dimensionsmaybeanalysedby usingwireswith different lengthanddiameter
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Specific Resistance depending on Energy Density in Wire
(13/21)



Design of a Simulation Model
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CoupledDifferential EquationSystem 
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Assumethe specificresistanceasa linear functionof the (homogenous) energydensityin the wire:
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power in the wire:
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volumepower densityin the wire:

formulaletters:
L    = total circuit inductance [H]
RW  = wire resistance [ʍ] 
ˊ   Ґ specificristancewire [ʍm]

0́ = initial specificresitance [ʍm]
m   = slopefactor [lϊʍm/J]
e    = energydensityin wire [J/l]
S    = wire crosssection [m2]
l = wire length [m]
V   = wire volume [m3]
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Table of CoupledDifferential EquationSystem (ODE) 

Equation Nr. Boundary Conditions Differential Equation Solved Function
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Founded differential equations built a differential equation system, which 

may be solved numerically using RungeKutta Algorithms.

Check, whethermethodiscorrect:     
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Software Implementation

experimental data

fit splines for simulation

fit spline data for simulation

excellent match between experiment
and simulation!
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Simulation Examplewith 160mm V2A-wire @700µm (18/21)



Simulation Examplewith 160mm V2A-wire @700µm (19/21)



Summary and Conclusion

- excellentrepeatabilityof experiments

- dischargebehaviourstronglydependson initial capacitorvoltage:

- dischargebehaviourstronglydependson wire dimensions:

- resistancecharacteristicmaybe fitted by a fit function in the interval [0; 25.3J/µl]

Whenenlargingthe initial capacitorvoltage, the absorbedenergyin 
the wire increases, while the efficiencydecreases. 

Whenenlargingthe wire diameterandlength, the absorbedenergyin 
the wire increases.

Experimental investigations
of exploding wires

- derivationof a coupleddifferential equationsystem(ODE)

- sucessfulsoftwareimplementation

- sucessfulsimulationof explodingwire experimentswith givenresistance
characteristics

- verificationof simulationresultsby comparisonwith experimental data

- proof of simulationaccuracyby law of energyconservation

Design of a simulation model
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Future Experiments and Challenges

- Constructionof a large capacitorbanksystem(40kJ@12kV) is in progress

Thanksfor your attention!

Experimental investigations
for generation of shockwaves

under water

- findingof ruleshow to adjustthe resistancecharacteristic

- useof morecomplexmethods(magnetohydrodynamicsimulations) Improvement of the
simulation model
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