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Pulsed Wire Discharge (PWD) Experiments & Exploding Wire Method (EWM)
- first discharge of capacitors through metal wires by Edward Nairne 1774

Practical Application:

- high intensity light source _
, _ Drahtexplosion 2,5kJ@6kV
- production method for metal nanoparticles ~

- method for sheet metal forming (using shock waves)

Advantage: - energy may be adjusted very accurately
- no legal restraints
- new capacitor technology allows small setups
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Current Pulse Shape of Exploding Wires
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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
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Wire Voltage and Current Measurements
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Method of Data Analysis

field strenght at wire (time dep.)

Uw (1)

E(t) = ]

resistance (time dep.)

A

d
Uw (t) = Uclamp (t) - Lclamp E‘((t)

Uw (1)

specific resistance (time dep.)

Ry (t) =

I(t)

>

2
pw(t) = Ry (t) %

df
T (t)

Savitzky-Golay-
Filter

/‘

>

1 t
Up(t) = Uplt = 0) _Ef I1(t)dt
0

capacitor voltage (time dep.)

Py (£) = Uy (DI (D)

wire power (time dep.)

wire dimensions

t

E,(t) = fpw(r)ar

0

wire energy (time dep.)

—

Ey(t
(=57

v

energy density (time dep.)

A(t) = | I2(H)dt
|

action (time dep.)

t t
1
»| ay(t) = sz[t)dtzmjfz(t)dt
0 0

specific action (time dep.)

pw(ew)

specific resistance
depending from en-
ergy density in wire

pw(a)

specific resistance depen-
ding from specific action in wire



(8/21)

Experimental Investigations of Exploding Wires



Statistical Proof of Repeatability (9/21)
d=700,15umz7,8um

720

- wire with same length (120mm) and diameter (700um) was used

- length variations where less then Imm: di<|+1mm|

- diameter variations where measured with a micrometer screw
in horizontal (d, ) and vertical (d,) direction
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Capacitor Voltage Variations (wires with d=700um, [=120mm) (10/21)
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Discharge Current and Resistance Characteristic for different Wire Diameters (11/21)
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Wire Diameter [um]
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Energy absorbed in the Wire depending on Wire Dimensions

Energy absorbed in wire may be less or larger than needed energy for total sublimation
Influence of wire dimensions may be analysed by using wires with different length and diameter
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Design of a Simulation Model



Coupled Differential Equation System  (15/21)

Uc(6) + UL () + Ucireie (£) + Uy (£) = 0 4
dt t=0 I UL
B Ly YN
1 d2I(t) dI dR,,(t)
1) + L—==+ = (Reircuie + Rw (1)) + 1) ———=10 L
/ B \ Uc(t=0)=uco |
= dt2 - [ (t) \Cvlv/l(t) + (Rcircuit + RW (t)) a A
RCir
o dR, () dp(t) | I R —r
Ry, (t) =p(t) < = = U,
7S dt \dt/ S
Assume the specific resistanc® as a linear function of the (homogenoQ§) energy density in the wire: formula letters:
q (t) de(t) L =toFaIcir§uitinductance [H]
(p(0) = p(e(®) = po + me (1)) ["— —m ] Ry=wieresistance (0]
dt dt p = specific ristance wire [Qm]
po = initial specific resitance  [Qm]
dzl(t) 111 de( ) I I\ dI m =slope factor. o [I-Qm/J]
= ——|—=I(t) + —] + + + t e =energy density in wire [/
dt? L [C ( ) m dt S ( ) Reircuit (po me( )) dt S = wire cross section [m?]
| = wire length [m]
power in the wire: volume power density in the wire: V' = wire volume [m?]
de(t) dR,(t) 20,

12 (po + me(t))I?(t)

l
P, () = Iz(t)p(t)§ = Iz(t)p(t) T Iz(t)

dt dV
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Table of Coupled Differential Equation System (ODE)

capacitor energy

1
Ec(t) =5 CUE(®)
Equation Nr. Boundary Conditions Differential Equation Solved Function 2

Current 0 1(0) =0 dil(tt) = s(t)
1
E. (t) = =LI%(t)
Current- al(o) UC(O) ds(t) d?%I(t) 1[1 ml dI L 2
1 — —__|= —_ 3
Deviation dt L dt ~ dtz2 ~  L|C 1© + S (Po * me(t))l (©) + | Reirue + (po + me(t)) dt inductive energy
—>  Ey(t) = e(t)r?l
Energy _ de(t) 1 5 w
Density 2 e0)=0 dt ﬁ(p o + me(D)*(1) 2 %‘
Capacitor dUc(t I(t
Voltsge 3 =t D= (ue®) p(t) = p(e(®)) = po + me(t)
specific resistance \
Action 4 A(0) =0 dzgt) =1%(t) @ x ™~

l
Uw () = Ry (O1() = p(6) 7—1(t)
Founded differential equations built a differential equation system, which wire voltage
may be solved numerically using Runge Kutta Algorithms.

Check, whether method is correct: f / / Py (t) = 1)Uy (t)

' wire power

1
-> law of energy conservation Etotar =5 C Uc )+ LI 2(t) + e(t)r l + AR ircuir = const.
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Software Implementation
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Simulation Example with 160mm V2A-wire @700um (18/21)
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Simulation Example with 160mm V2A-wire @700um
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Summary and Conclusion

- excellent repeatability of experiments

- discharge behaviour strongly depends on initial capacitor voltage:

When enlarging the initial capacitor voltage, the absorbed energy in
the wire increases, while the efficiency decreases.

Experimental investigations

- discharge behaviour strongly depends on wire dimensions: of exploding wires

When enlarging the wire diameter and length, the absorbed energy in
the wire increases.

- resistance characteristic may be fitted by a fit function in the interval [0; 25.3)/ul]

- derivation of a coupled differential equation system (ODE)
- sucessful software implementation

- sucessful simulation of exploding wire experiments with given resistance

T Design of a simulation model

- verification of simulation results by comparison with experimental data

- proof of simulation accuracy by law of energy conservation
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Future Experiments and Challenges

- Construction of a large capacitor bank system (40kJ@12kV) is in progress

Experimental investigations
— for generation of shockwaves
under water

- finding of rules how to adjust the resistance characteristic
Improvement of the

- use of more complex methods (magnetohydrodynamic simulations) ) )
simulation model

Thanks for your attention!



