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introduction 
 
So far the application of single-phase switched MAGNEFIX type-MD switchgear has mostly 
been limited to those cases where the distribution transformer has been erected in the 
immediate vicinity. Application of transformers connected to the switchgear by means of a long 
cable is not to be recommended, because ferroresonance may cause rise of voltage during the 
short time between switching-on the first and the last phase. Installing the distribution 
transformers close to locations where the power is required, however, is sometimes attractive 
because of the notably 
lower cost of the cables. 
To investigate the 
problems connected with 
this tendency towards 
applying longer H.T. 
cables, laboratory research 
was set up, followed by 
field tests in the course of 
which a method was found 
of avoiding ferroresonance. Fig. 1 
 
Theory 
 
After single-phase switching-on of the first phase of an unloaded distribution transformer two 
identical series circuits arise each consisting of the no-load inductance of the transformer and 
the earth capacitance of the still open phases (fig. 1 a). These circuits are fed in parallel by the 
phase voltage Us. 
For the sake of simplicity the mains supply is considered to be earthed. 
Due to the symmetry of the circuit the voltages U and W will be equal so that an equivalence 
scheme can be drawn consisting of a simple series circuit with a capacitance 2Ca and an 
inductance 3/2 L fed by the phase voltage Us. (fig. 1 b). It is clear that such a system will come 
into resonance at a value of the capacitance and gives a voltage rise. 
Ca = 1       . 
         3 � 2L                              
The saturation of the no-load inductance of the transformer, however, limits the over-voltage. 
Resonance phenomena in such a series circuit with non-linear inductance are described by the 
ferroresonance theory and characterized by a 'jump' effect. A slight voltage rise may cause a 
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sudden current increase in the event of which the voltage at the capacitance would also 
increase considerably. The voltage at the inductance is also increasing, though to a smaller 
extent. The voltage at which a 'jump' occurs is called jump - voltage U k1 (fig. 2). 
When the voltage is gradually reduced the system 'jumps' back to the low voltage condition. 
This voltage U k2 is 
lower than the first so that the phenomenon shows a kind of hysteresis. It is clear that the high 
voltage condition immediately arises when switching-on to a supply voltage higher than the vol-
tage U k1. 
 
maximum cable-length 
 
To enable ferroresonance to arise the capacitance must be so large that a straight line 
representing U c = f ( I ) has an intersection with the saturation line U l = f ( I )  of a transformer 
(fig. 3). 
In the case when this line is almost tangential to the other line some rise of voltage may occur 
due to ordinary resonance. As limit of the capacitance and therefore of the maximum permis-
sible cable length it is best for safety's sake to reckon with this value. 
Since the magnetizing current of modern distribution transformers can be extremely small, 
ferroresonance can be expected from relatively small cable-capacitance values. In fig. 3 the 
magnetizing currents of a 160-kVA and a 315-kVA transformer are shown, measured between 
one phase and the two other phases interconnected. 
The straight lines correspond with an earth capacitance of 6 000 pF, 12 000 pF, and 18000 pF 
per phase plotted as U = f (I) for 2Ca. The last-mentioned value will certainly cause 
ferroresonance for both transformer ratings, whereas the two first-mentioned values must be 
considered as limits. 
The corresponding cable length depends on the specific earth capacitance per length. Roughly 
0.15 � F/km can be taken for 10-kV cables of 16-35sq. mm. In the example of fig. 3 the 
maximum permissible cable length is 40 metres for the 160-kVA transformer and 80 metres for 
the 315-kVA transformer. 
For transformers of larger outputs or for those of older design with higher magnetizing currents, 
the maximum cable length can be defined accordingly. 
 
remedy 
 
With the aid of the Transient Network-Analyser in our Research Laboratory we have also 
examined the possibility of avoiding ferroresonance with longer cables. 
By imitating the phase/phase capacitances of belted cables (fig. 4a) we have found that an 
increase of the jump-voltage occurs. With these cables the ratio is C f / Ca �  0.3 
This value is not sufficiently high to bring the jump-voltage above the highest occurring supply 
voltage. In the unfavourable instance of switching-on to a network with an earth-fault, the  

Fig. 4 
phase-to-earth voltage should not be considered only the phase-to-phase voltage. 
So it is obvious that a remedy must be found by increasing the values of the delta capacitances 
and thus further raising the jump-voltage. In the equivalence scheme this means applying a 
capacitance 2Cf across the inductance (fig. 4b); this acts as a voltage divider with a ratio 
     C a   . 
 C a + C f 



whereas a new equivalence scheme can be drawn (fig. 4c) with a series capacitance 2Ca+ 2Cf. 
By increasing Cf  sufficiently the resulting voltage can be kept below the jump-voltage of the 
circuit. From the T.N.A. test it appeared that a value Cf / Ca �  1.5 is sufficient. 
It should be noted that the application of capacitors between the phases at the high-voltage side 
meets with serious difficulties. However, it is possible to apply capacitors at the low-voltage side 
of the transformer, which being transformed to the high-voltage side, may be seen between the 
phases. 
With a 10-kV/380-V transformer the impedance ratio will be n2 �  700. A delta connection of 44-
� F capacitors at the low-voltage side corresponds with approximately 63 000 pF between the 
phases at the high-voltage side; a value that will be sufficient to apply an earth capacitance of 
approximately 44 000 pF per phase free of ferroresonance. 
 
laboratory tests 
 
To verify the results of the Transient Network-Analyser studies, investigations were made at full 
voltage. For this purpose 160-kVA and 315-kVA transformers were used: whereas the cable 
capacitances were imitated by high-voltage capacitors. By gradually increasing the voltage, the 
jump-voltage was established at various values of capacitance (fig. 5a). This voltage is lower 
than the feeding voltage so that when switching-on, ferroresonance will always arise at 
capacitances larger than 10000 pF. The over-voltage increases slightly with the value of the 
capacitance. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. 5 
 
To examine the influence of an ohmic load its behaviour at 750 W per phase is shown in fig. 5b. 
This is sufficient to avoid ferroresonance up to at least 25 000 pF. 
So single-phase switching-on of loaded transformers will cause no over-voltages. However, the 
application of an extra resistance load as a remedy is unsuitable because of the large 
dissipation that will occur. 
In this respect application of capacitors on the low-voltage side is far more attractive. By 
applying a delta connection of 44-� F capacitors at the low-voltage side the jump-voltage is 
increased to such an extent that even at 50 000 pF Switching-on can be effected on a circuit 
with an earth-fault (fig. 5c). Due to the large cable capacitance, the voltage on the open phases 
now becomes lower than the feeding voltage. Make and break tests were performed in our 
Short-circuit Laboratory with Magnefix type-MD switchgear under conditions of ferroresonance. 
These tests showed that the process of arc-extinction at breaking is in no way influenced by the 
increased recovery voltage. The oscillogram of fig. 6 shows the breaking of phase S, after 
phase T had already been broken. With large cable capacitances, say 100000 pF, the over-
voltage can reach values of 30 kV whereas on the low-voltage side voltages of 300 V r.m.s. be-
tween phase and neutral were measured. Under such circumstances lamps in the low-voltage 
distribution room may run the risk of being burned out. 



Fig. 6 
 
field tests 
 
Field tests were performed on the mains of one of our clients where a number of Magnefix 
installations with long cable connections to the transformers have been in service for some time. 
The cable length is 300 to 400 metres with a capacitance to earth of 0.125 � F/km, while the 
transformer rating is 400 kVA. 
A make operation on the first phase causes ferroresonance with a voltage-rise of about 20 kV 
peak value on the open phases, during which corona discharge is audible in the arcing 
chambers of these 
phases. Making the 
second phase may 
sometimes cause 
ferroresonance to 
disappear; this will 
certainly be the case, 
when making the last 
phase. 
 
 
 

    Fig. 7 
 

The application of three delta-connected 44-� F capacitors on the low-voltage side prevents 
ferroresonance and even 
reduces the voltage on the open 
phases to a value below the 
feeding voltage (fig.7). 
After this remedy has been 
applied, all switching 
manipulations can be performed 
without the risk of over-voltage. 
 
 

             Fig. 8 
design 
 
The capacitors should be fitted to a tee-off protected with H.R.C. cartridge-fuses (Hadin, size 
00, 35 A) at the transformer-side of the low-voltage circuit-breaker (fig. 8). 



The application of a Halyester box K 432, with dimensions of 270 x 180 x 170 mm gives a 
compact and protected design in which 3 x 44 � F delta-connected capacitors provided with a 
terminal-block have been mounted; at 380 V this is equivalent to 3 x 2 kvar (fig. 9). With these 
design systems up to approximately 44000 pF per phase, equivalent to approximately 300 
metres of cable of 0.15 � F/km can be protected against ferroresonance. 
 
conclusion 
 
- Remote single-pole switching of transformers at the end of a long cable may cause the phase-
voltage to be doubled or trebled as a result of ferroresonance. 
- When applying transformers of modern design with low no-load currents, ferroresonance will 

occur at earth capacitances of 10 000 pF per phase and above. 
- The condition of increased voltage mostly ceases after making 
the second phase and definitely after making the third phase. 
- At breaking, ferroresonance sometimes occurs after opening 
the first phase and definitely after breaking the second phase. 
- The condition of increased voltage is indicated audibly by the 
corona discharge in the arcing chambers of the Magnefix 
switchgear. The process of making and breaking, however is 
nowhere unfavourably influenced. 
- Switching of loaded transformers causes no ferroresonance. 
At a capacitance of 25 000 pF per phase a load of approx-
imately 750W per phase is amply sufficient. 
- By applying capacitors on the low-voltage side, the symptoms 
of ferroresonance can be fully suppressed. This enables 
Magnefix type-MD switchgear to be applied successfully even 
under these special circumstances. 
 

Fig. 9 
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