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A B S T R A C T   

This paper presents the analysis of the new approach to the measurement methodology of significant values (in 
order of hundreds of kA) and huge steepness (in order of MA/μs) current pulses based on current dividers along 
with a comparison of the various types transducers suitability in measuring systems with such extreme pa
rameters. Such dividers are used to extend the measurement ranges of current transducers with limited current 
conversion capabilities. The results of the selected current dividers field-circuit simulations have been presented, 
including their attributes and potential application as an important elements of the high-current measurement 
circuits. The physical prototypes of dividing systems have been verified using an experimental high-power pulse 
generation and forming system based on the flux compression generator and ultra-fast fuse-opening switch. As 
the additional aim of this study, the dividers current ratio error compensation method based on the general field- 
circuit model of current divider has been proposed.   

1. Introduction 

The measurements of high current pulses (in the order of hundreds of 
kA) and the slopes duration in the ns order occurring in many specific 
research systems, such as surge current generators [22,34], flux 
compression generators (FCG) with pulse forming systems [19,24,49], 
high power Marx generators etc., brings many difficulties. The current 
transducers available on the market do not always have the appropriate 
metrological properties. The high bandwidth Rogowski coils, popular in 
the scientific community [2,10,29,32,36,38,41,43–45,56], have large 
measuring ranges, but are not sufficiently resistant to the interferences 
occurring in the tested systems, in particular in high-voltage systems, 
due to disturbing signals transmitted by electrical couplings and easily 
induced in transducers with high self-impedance. Therefore, it is 
essential to use transducers with a similarly wide bandwidth but low 
internal impedance, a high level of carrier signal in relation to the 
interfering signal and effective shielding systems. The current trans
ducers commonly used in the measurement of pulse currents and 
meeting the above criteria are, for example, the Pearson current trans
formers [6,33], which in general have appropriate metrological 

attributes but for the required frequency response commercially avail
able models do not provide adequate conversion ranges due to many 
technical limitations. Thus, there is a need to increase their measuring 
range. 

One of the ways is to use the so-called current divider in the main 
measuring path. The apparently simple operating principle of the cur
rent divider consists of the physical division of the current path into N 
parallel paths and measuring the current about i(t)/N in one of them. An 
important condition for minimizing the measurement error is that the 
current distribution in individual paths is practically independent of the 
frequency (or pulse steepness) in the entire spectrum of the measured 
current pulses. This requirement cannot be fulfilled by dividing the main 
current into two or more parallel paths with different parameters (im
pedances), allowing the current to be divided into parts i(t) (N-1)/N and 
i(t)/N. In this case, the distribution of current depends significantly on 
the frequency. Hence, the key steps are to equalize the current distri
bution in each successive current path. Unfortunately, in the practice of 
using this type of current dividers, actions aimed at equalizing the 
current density in individual traces, due to the complex geometries of 
the measurement systems, are difficult. 
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The paper presents a brief review of the effectiveness of typical high- 
current transducers solutions for measuring extreme current pulses as a 
justification for the use of range-extending pulse current dividers. Two 
prototypes of pulse current dividers have been proposed and a series of 
simulation tests and static measurements have been carried out for 
them, based on which a theoretical circuit-based model of the current 
divider has been created. The new method for compensating the total 
current ratio error based on the proposed model has also been intro
duced. The properties of a representative plate current divider prototype 
and the presented method of error compensation have been verified 
experimentally with current pulses generated by the FCG and the ultra- 
fast fuse-based pulse-forming circuit. 

2. Justification for the use of pulse current dividers 

Various methodological solutions for measuring high-value currents 
have long found their place in the literature [7,39,46]. However, due to 
the unusual requirements for the bandwidth, range and noise immunity 
of the transducers, only some measurement methods have been selected 
for analysis. Those requirements have been developed on the basis of a 
representative current waveform of a FCG with a fuse-based pulse- 
forming system, obtained during field tests of the device. The waveform 
of the current breaking with a steepness exceeding 350 kA/μs along with 
its amplitude spectrum has been shown in Fig. 1. The principle of FCG 
operation has been detailed in [49]. 

To measure short-circuit and surge currents in laboratory systems, 
high-current shunts [8,18,26,47] with a specific resistance made in the 
form of connected coaxial pipe sections are commonly used. Unfortu
nately, in the case of shunts with measuring ranges of hundreds of kA, it 
is impossible to provide them with an adequate bandwidth (the standard 
bandwidth reaches hundreds of kHz). Typical, laboratory versions of 
this type of shunts (manufactured at the Gdańsk University of Tech
nology) together with the measured gain and phase error characteristics 
have been shown in Fig. 2. 

However, the most important feature that excludes the use of high- 
current shunts for transient currents measurement in systems with 

extreme impulse parameters is the lack of galvanic separation of the 
transducer from the rest of the measuring setup. For example, in the case 
of a fuse-based high-power pulse forming systems [19,24], a voltage 
drop of 30 to 50 kV with respect to the reference ground may appear on a 
fragment of the current path with a length of approximately 100 mm. 
Direct transfer of such voltage even to a safeguarded oscilloscope input 
may result in the loss of recorded data or even damage to the equipment 
and danger of electric shock for the personnel. 

The transducer ensuring the galvanic separation of the measuring 
equipment from high potentials occurring in systems with current pulses 
of high steepness and amplitude is the Rogowski coil 
[29,32,36,41,43–45,55–56], which also provides a satisfactory fre
quency response and conversion range in appropriate design versions 
[2,16,25,45]. However, the Rogowski coil, due to the low level of 
magnetic coupling, requires a significantly expanded secondary wind
ing, which causes an increase in the impedance of the transducer and its 
susceptibility to electrically transmitted interferences. At the same time, 
it is necessary to use an additional electronic integrator that can increase 
the susceptibility to interference and requires low amplitude input sig
nals, or additional numerical processing of the signal. 

Another usable transducer with a similarly wide frequency band, but 
at the same time ensuring low self-impedance (through the use of 
distributed resistive winding termination [33]), guaranteeing strong 
attenuation of electrical interferences is the Pearson current monitor 
(PCM). An additional advantage of this measuring transformer is the 
feature of self-integration of the signal through a distributed RL 
network, which eliminates the need for additional, sensitive electronic 
circuits or further numerical postprocessing of the signal. Moreover, the 
implementation of a ferromagnetic core provides a lower sensitivity to 
the position of the current path in relation to the transducer window 
than in the case of Rogowski coils [25,43,50] and the possibility of using 
a winding with fewer turns. On the other hand, due to the saturation 
effect occurring even despite the demagnetization of the core by the 
secondary winding, this transducer provides lower measuring ranges. 

A comparison of the same current waveform recorded with the 
above-mentioned galvanically separated transducers has been presented 
in Fig. 3. The noise occurring during the rising slope of the current 
visible in Fig. 3.a) and resulting from the process of closing FCG winding 
effectively prevents the analysis of the measurement results even with 
proper post-processing filtration. In the case of the Pearson current 
monitor, this phenomenon is suppressed to a significant extent (Fig. 3. 
b). 

It is also possible to use significant values and a steepness pulse 
current measuring system based on the Faraday electro-optical phe
nomenon [36,40,52]. This solution meets all the previously mentioned 

Fig. 1. Representative experimental a) current waveforms, and b) current 
amplitude continuous spectrum of the impulse forming system with FCG and 
high speed fuse-opening switch. 

Fig. 2. Frequency characteristics of the pulse current shunt gain and 
phase error. 
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metrological criteria, but due to the high degree of complexity, low 
availability on the market, high sensitivity to vibrations and mechanical 
displacements [40,52] and high processing errors compared to other 
measurement systems it has been rejected during the pre-selection 
process. 

The last noteworthy solution is the measurement of the magnetic 
field of the structure of conductors with a specific geometry with the use 
of B-DOT type pulse probes [10,34,51]. Due to the high susceptibility of 
this type of solution to the conductor system magnetic field distribution, 
the need of the measurement calibration in case of a change in the 
conductor layout, the sensitivity of the measurement system to external 
fields and a relatively narrow measurement band concentrated in the 
high frequency range [34], the measurement method is not widely used 
during current measurement. 

3. Current dividers 

As a result of the analysis, the Pearson current monitor type trans
ducer has been selected as the most suitable for measuring high-value 
and high-steepness currents generated by FCG and fuse-based pulse 
forming system. However, due to the insufficient measuring range 
because of core saturation [28,33] (either by current DC component or 
current–time product 

∫ t
0 idτ) or exceeding the safe range of the output 

voltage of the available transducer models with a sufficient bandwidth 
(20 MHz), it is necessary to extend its range by dividing the main circuit 
current. 

The current divider error in relation to the reference value depends 
to a large extent on the mutual correlation of the individual current 
paths impedances. In the low-frequency range, the resistances of indi
vidual paths play a dominant role in the distribution of current, while 

above the first pole of the frequency response, the inductive distribution 
of the current becomes decisive. Hence, the uneven distribution of 
current in branches with significantly different impedances introduces a 
strong frequency-dependent system non-linearity. Thus, the only 
method of ensuring a reasonably constant frequency conversion char
acteristics is to ensure the uniform current flow in all divider paths. 

The presented measurement method was designed for implementa
tion in a pulse generation and forming system based on an FCG and an 
ultra-fast fuse-opening switch. Due to the extreme current breaking 
steepness exceeding 350 kA/μs and voltage pulses exceeding 700 kV, a 
necessary condition for the used current divider topology is to minimize 
the need of introducing additional circuits which would increase the 
inductance of the proper main circuit of the generating system. There
fore, an obvious operation during the current divider construction is to 
use the naturally existing current paths in the system. An example of a 
divider structure consisting of four cylindrical spacers connecting two 
parallel construction plates is shown in Fig. 4. The presence of a pulse- 
forming system coil wound coaxially with the fuse requires its point 
connection to the upper structural plate, which makes it impossible to 
obtain a fully symmetrical current flow in the divider paths due to 
different distances from the coil end. 

Fig. 5 shows the prototype of a cylindrical current divider made as 
two closely spaced rings (due to the need to limit additional inductance) 
placed coaxially on the fuse case. The left inset of Fig. 5 shows the path 
of the current measured by the main PCM. 

This design has been created to test the maximum limitation of the 
measured current rise-time. For this purpose, a transducer with an 
extended bandwidth but an even more limited measurement range was 
used. Hence, the necessity of significant current division and the 
simultaneous ability to correct the number of parallel current paths. 

4. Simulations of current flow in complex conductor systems 

In order to analyze the pulse current flow in a complex array of 
conductors constituting the current divider, a series of simulation cal
culations has been performed using the finite element method. Geo
metric models of the plate and cylindrical current dividers implemented 
in the CST Studio [1] computing environment with created finite 
element meshes have been shown in Figs. 6 and 7. The models reflected 

Fig. 3. Representative experimental current waveforms during the operation of 
the FCG registered with a) a Rogowski coil, and b) a Pearson current transducer 
including interference of the measurement signal. 

Fig. 4. Views of the physical model of a plate divider built into the construction 
of the high-power pulse generation and forming system, consisting of four cy
lindrical paths with Pearson current monitors. The current flow direction has 
been marked. PCM – Pearson current monitor. 
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the actual designs. The realistic characteristics of construction materials 
for the current paths have been modelled. 

On the contact surfaces of individual current paths with the divider’s 
main path, simplified models of multi-point contacts have been created 
in the form of parallel connected lumped elements with specific transi
tion resistances. In literature, there are a number of contact resistance 
models, the complexity of which depends strictly on the needs of the 
application and the permissible error limit [4–5,15,20,23,42,54]. In 
fact, the value of the contact resistance in high-current circuits is highly 
nonlinear as a function of the current value and the heat generated in the 
contacts, but for extremely fast transients it is possible to omit this type 
of considerations without introducing a significant calculation error 
[27,48]. A simplified model based on [14,17] has been used in the 
presented numerical systems. The approximate value of the contact 
resistance has been determined on the basis of the relationship (1)–(3). 

Rp = Rp1/n (1)  

Rp1 = ρ/2rp1 (2)  

rp1 =

̅̅̅̅̅̅̅̅̅̅̅
F

πξHB

√

(3)  

where: Rp – contact transition resistance consisting of n parallel contact 
points with resistance Rp1, ρ - contact material resistivity, rp1 - radius of 
the equivalent contact surface of the point contact, F - contact pressure 
force (determined during assembly), HB - contact material hardness 
according to Brinell (350 MPa for copper, 250 MPa for aluminium), ξ – 
coefficient of contacts elastic deformation (with a value of approx. 0.5 
for a surface type contact). 

In practice, however, it is impossible to obtain several current con
tacts with the same transition resistances, hence the contact resistance 
ratios of the individual current paths have been refined based on mea
surements of low-frequency current flow in relation to the main current 
of the divider. Based on preliminary analyses, it has been determined 
that a contact resistance calculation error of no more than 50% causes a 
resultant model error of less than 6% over the entire considered fre
quency band. This fact results from the limited influence of the contacts 
resistances on the divider current flow in relation to the remaining 
divider parts resistances, especially in the range of higher frequencies. 

The models use appropriate open magnetic boundary conditions. The 
maximum elementary size of the discrete elements has been determined 
using the method of successive approximations until a satisfactory dif
ference in the relative discretization error of the successive iterations has 
been achieved. 

On the basis of simulations, the frequency-dependent current flow in 
the branches of current dividers for the plate and cylindrical versions has 
been determined. Visualizations of the current density module distri
bution in two versions of the dividers for significantly different excita
tion frequencies from the range of considered frequency band have been 
shown in Fig. 8 and Fig. 9. 

For frequencies above approx. 100 Hz, a strong influence of the last 
turn of the pulse-forming system coil on the current flow in the divider 
paths is visible, depending on the mutually consistent or opposite di
rection of the current density vectors. A cross-sectional map of the 
normal component of the current density vector of both dividers is also 
presented in Fig. 10 and Fig. 11. The asymmetry of current flow due to 
the pulse forming system coil coupling is particularly well visible in 
Fig. 11 b). 

The frequency characteristics of the dividers individual paths cur
rents have also been determined and presented in Fig. 12 and Fig. 13. On 
the basis of these characteristics, it is possible to select and optimize the 
parameters of the equivalent circuit model of the dividers, which have 
been discussed later in this paper. 

The design of the cylindrical current divider was intended to achieve 
high uniformity of current flow and to minimize the parasitic 

Fig. 5. Views of the physical model of a cylindrical divider built into the 
construction of the high-power pulse generation and forming system, consisting 
of up to 25 cylindrical paths. The current flow direction has been marked. PCM 
– Pearson current monitor. 

Fig. 6. View of the geometric model of four-path plate current divider with 
generated mesh of finite elements. 

Fig. 7. View of the geometric model of twenty-five-path cylindrical current 
divider with created mesh of finite elements. 
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inductances and resistances introduced into the measurement system. 
However, due to the significant coupling of the divider paths with the 
main current path and the concentrated connection point between the 
main current path and the divider ring, it is impossible to obtain a 
satisfactory symmetry. Moreover, simulation calculations show that 
current dividers with a large number of parallel paths generate higher 
current flow distortions while requiring a much more extensive nu
merical model for the compensation process. Therefore, the divider in 
the plate configuration (Fig. 6 and Fig. 8) has been chosen as the subject 
of further analysis. 

5. Circuit-Model-Based algorithm of current dividers error 
compensation 

In order to determine an accurate value of the total current of the 
measurement system from the current of a single divider path, it is 
necessary to consider its transfer characteristics and formulate a circuit 
model to compensate for the original current measurement. Fig. 14 
presents a general model of the multipath current divider including the 
magnetic couplings between the main current conductors and individual 
divider paths, couplings between divider paths, contact resistances, and 
nonlinear series resistances. This paper contains representative results of 
measurements and model-based compensation performed with the use 
of a four-path plate divider (Fig. 4). 

Equation (4) describes the universal model of a non-linear current 
divider. Vectors and matrices of the model coefficients for the 4-path 
divider have been presented in (5) and (6). 

L
d
dt

i+Ri = A
di0

dt
+Bi0 (4)  

L =

⎡

⎢
⎢
⎣

(L1 − M12) (M12 − L2) (M13 − M23) (M14 − M24)

(M12 − M13) (L2 − M23) (M23 − L3) (M24 − M34)

(M13 − M14) (M23 − M24) (L3 − M34) (M34 − L4)

0 0 0 0

⎤

⎥
⎥
⎦ (5)  

i =

⎡

⎢
⎢
⎣

i1
i2
i3
i4

⎤

⎥
⎥
⎦;R =

⎡

⎢
⎢
⎣

R1 − R2 0 0
0 R2 − R3 0
0 0 R3 − R4
1 1 1 1

⎤

⎥
⎥
⎦;A =

⎡

⎢
⎢
⎣

M01 − M02
M02 − M03
M03 − M04

0

⎤

⎥
⎥
⎦;B =

⎡

⎢
⎢
⎣

0
0
0
1

⎤

⎥
⎥
⎦

(6)  

Mmn = kmn
̅̅̅̅̅̅̅̅̅̅
LmLn

√
;Rn = RCn + RSn (7)  

where: i0 – main path current, in – n-th path current, Mmn - m-th to n-th 
path mutual inductance as shown in (7), Rn - n-th path total resistance 
(7), RCn - n-th path equivalent contacts resistance, RSn - n-th path 
conductor linearized series resistance ladder-type model (Fig. 15 a). 
Parameters of the plate current divider circuit model for the 4-path 
version have been presented in Table 1. The methodology for deter
mining the parameters has been presented below. 

The model parameters values have been determined from field 
simulations (Fig. 8) and low-frequency current flow measurements in a 
real plate divider prototype (Fig. 5). 

The values of self Ln and mutual Mmn inductances have been deter
mined from simulation studies. Based on the simulation results, it has 
been determined that the maximum contribution of the internal induc
tance, which is the component sensitive to frequency due to the skin and 
the proximity effects, in the self-inductance of current paths does not 
exceed 8.4% over the entire range of considered frequency band. At the 
same time, the value of the inductance associated with the external 
magnetic flux (outside the conductor volume) can be considered con
stant within the specified frequency band. Therefore, all inductances of 
the model can be treated as linear parameters without introducing a 
significant error value. 

A key problem to be considered in the construction of the circuit 
model in the case of transient states is the change in conductor series 

Fig. 8. Visualization of the current density module distribution in the plate 
divider model for the excitation frequency of a) 1 Hz, and b) 10 kHz. 

Fig. 9. Visualization of the current density module distribution in the cylin
drical divider model for the excitation frequency of a) 1 Hz, and b) 10 kHz. 

Fig. 10. Cross-sectional map of the current density vector normal component in 
the plate divider model four paths for the excitation frequency of a) 1 Hz, and b) 
10 kHz. 
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resistance RSn as a function of waveform slope associated with the skin 
and the proximity effects. There are a number of potential solutions for 
modelling the phenomenon of conductor current density distribution in 
a time domain in the literature [3,9,11–13,30,35,37]. In the proposed 
model, an equivalent scheme of the series component of the conductor 
resistance based on a seven-stage cascade LR type ladder [21,31,53] has 
been implemented. Field simulation described in the previous part of the 
article takes into account the non-linearity of the conductor resistances 

resulting from the skin and the proximity effect, hence the adjustment of 
the lumped ladder parameters to the resistance frequency characteristics 
determined by field simulation has been performed using an iterative 
algorithm based on the least squares method. The schematic of the RL 
skin effect cascade along with the single divider path resistance fre
quency curve and the approximation error has been presented in Fig. 15. 
Approximation parameters of a single current divider path series resis
tance have been presented in Table 2. 

The method of determining the contacts resistances RCn of the 
empirical Holm model and refined with the use of measurements of the 
low-frequency current flows in the divider branches has been presented 
in detail in part IV of this paper. 

Current measurement compensation is based on determining the 
total divider current i0 using input data in the form of an arbitrary 
divider path current waveform. This method takes into account the non- 
linear transfer characteristics of the system and eliminates the error 
resulting from the use of the static current ratio. The Matlab computing 
environment has been used to solve the system of equations (4) with 
linearized RSn parameters (Fig. 15 a). 

The characteristics of the fitting error of the circuit model to the 
frequency characteristics determined on the basis of field simulation has 
been determined. The result of the matching has been presented in 
Fig. 16. 

As shown in Fig. 16, the maximum value of the matching error 
resulting from the assumptions, including the linearity of the in
ductances of individual divider branches, does not exceed 8%, which is a 
satisfactory value. 

Fig. 11. Cross-sectional map of the current density vector normal component in the cylindrical divider model twenty-five paths for the excitation frequency of a) 1 
Hz, and b) 10 kHz. 

Fig. 12. Frequency characteristics of the current absolute values in individual 
paths of a plate divider – simulation results. Refer to Fig. 6. 

Fig. 13. Frequency characteristics of the current absolute values in individual 
(selected) paths of a cylindrical divider – simulation results. Refer to Fig. 7. 

Fig. 14. Equivalent circuit model of the pulse-forming system with a multi-path 
current divider: C0 = 100 μF – capacitance of the pulse capacitor bank; U0 = 10 
kV – initial capacitor voltage; T – trigatron; F – fuse; LF = 1.8 μH - high voltage 
pulse-forming circuit inductance; L0 – coupled part inductance of the main 
path; RCn – n-th path resultant contacts resistance; RSn – n-th path resultant 
series resistance; Ln – n-th path self-inductance; k0n – main to n-th path coupling 
coefficient; kmn – m-th to n-th path coupling coefficient. 
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6. Experimental verification results 

In order to verify the operation of the plate current divider prototype 
presented in Fig. 4 and the proposed method of circuit model-based 
measurement results compensation, a series of experimental field tests 
has been carried out in a setup with an FCG and a high-power pulse- 
forming system, the functional diagram of which has been shown in 

Fig. 17. 
A comparison of the measurement system representative summary 

current waveform with the result of the uncompensated scaled divider 
branch current and waveform determined on the basis of the compen
sated divider model along with the absolute both solutions error 
waveforms has been shown in Fig. 18. 

The relative error transient value of the divider current compensated 
measurement based on the proposed model does not exceed 2.5% and 
decrease almost to zero in a steady state, compared with the value 
exceeding 16% without any compensation. The error remaining after 
the numerical compensation is probably associated with the uncertainty 
of the field-simulation model and measurement of the lumped elements 

Fig. 15. Frequency characteristics of a) a series resistance LR ladder approxi
mation RSn_LA and a field-simulation based resistance curve RSn_R along with b) a 
relative approximation error – simulation results. 

Table 1 
Circuit Model Parameters of The Plate Current Divider.  

Symbol Parameter Value 

L0 coupled part inductance of the main path 126 nH 
L1-4 paths self-inductances 18.4 nH 
RC1 1st path resultant contacts resistance 27.4 μΩ 
RC2 2nd path resultant contacts resistance 26.7 μΩ 
RC3 3rd path resultant contacts resistance 31.6 μΩ 
RC4 4th path resultant contacts resistance 32.5 μΩ 
k01 main to 1st path coupling coefficient − 0.027 
k02 main to 2nd path coupling coefficient 0.053 
k03 main to 3rd path coupling coefficient 0.02 
k04 main to 4th path coupling coefficient 0.022 
k12, k23, k34, k41 magnetic coupling coefficient of adjacent tracks 0.021 
k13, k24 magnetic coupling coefficient of diagonal tracks 0.014  

Table 2 
RL Ladder Approximation Parameters of a Single Current Divider Path Con
ducting Resistance.  

Symbol Parameter of the n-th path Value 

RLHFn resistance for the highest considered frequency 2.2 mΩ 
LL1n, RL1n 1st level inductance and resistance 0.104 nH, 1.5 mΩ 
LL2n, RL2n 2nd level inductance and resistance 0.282 nH, 220 μΩ 
LL3n, RL3n 3rd level inductance and resistance 1.31 nH, 33 μΩ 
LL4n, RL4n 4th level inductance and resistance 11 nH, 9 μΩ 
LL5n, RL5n 5th level inductance and resistance 59 nH, 3.5 μΩ 
LL6n, RLDCn 6th level inductance and DC resistance 1.7 μH, 3.1 μΩ  

Fig. 16. Frequency characteristics of the maximum relative fitting current flow 
a) amplitude error, and b) phase error of the circuit current divider model to the 
frequency characteristics determined on the basis of field simulation. 

Fig. 17. Functional diagram of the high-power pulse generation and forming 
system experimental setup during verification tests of a plate current divider 
model: C0 = 100 μF – capacitance of the pulse capacitor bank; T – trigatron; CB 
– crowbar; FCG – flux compression generator; CD – current divider model 
(Fig. 4); LF = 1.8 μH - high voltage pulse-forming circuit coil; F – high-speed 
fuse-opening switch; is – FCG supply current; imeas – FCG summary current; 
idiv – divider branch current. 
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parameters of the circuit divider model, i.e. mainly the contacts re
sistances and the individual inductances of the divider branches. How
ever, the obtained compensation accuracy of the current waveform is 
sufficient and comparable with the measurement accuracy of the current 
transducers themselves. 

In summary, in order to increase the accuracy of current measure
ments with a use of any current divider, the aforementioned general 
design methodology can be applied as follows:  

• The design of the selected topology current divider should be based 
on the minimum possible number of parallel paths.  

• A simulation model should be prepared on the basis of which 
(together with basic laboratory tests of low-frequency current flows) 
the parameters of the equivalent circuit divider model should be 
determined.  

• By using the model numerical solution, it is possible to compensate 
for the current waveform (even with a wide frequency spectrum) 
measured with the use of the divider. 

7. Conclusions  

A. The presented use of current dividers to increase the measuring 
range of the transducers together with appropriate numerical 
compensation of the results (the necessity of which results from the 
lack of the current flow symmetry in a wide frequency band of 
measured signals) is a universal measurement solution, especially 
useful in the field of high value and significant steepness current 
pulses, where transducers with the required parameters are not 
available.  

B. The performed simulation research makes it possible to verify the 
design of current dividers at an early prototype stage. A proper 
design of the divider does not introduce significant additional in
ductances and parasitic resistances by using the already existing 
current paths fragments and structural elements.  

C. The proposed general model of the current divider enables effective 
compensation of the results of high current pulses measurements 
with an error not exceeding 2.5% and decreasing almost to zero in a 
steady state. The lack of compensation results in an error exceeding 
16%. The circuit model parameters should be determined on the 
basis of field simulations and low-frequency measurements of cur
rent flows in the physical prototypes of dividers. 

D. In the case of a cylindrical current divider, despite the mutual sym
metry of the individual current paths, the strong coupling with the 
main current path in the presented application makes it impossible to 
achieve a symmetrical flow of branches currents. The disadvantage 
of this solution is also a significant level of complexity of the model 
and numerical calculations. Hence, the general conclusion is that it is 
necessary to construct a divider with the lowest possible number of 
parallel paths, resulting from the ratio of the expected current value 
to the measuring range of the used transducers. 
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