
VLT® 5000

Rev. 2003-09-11

www.danfoss.com/drives

175R0914 MN90C302

*MN90C302*

XREF__BC
NOT LOADED ON RIP

Application Note

VLT® on IT Mains

VLT® 6000 HVAC



VLT® on IT mains

1MN.90.C3.02 - VLT is a registered Danfoss trademark

V
LT

® o
n IT

 m
ains

When using VLT on IT mains (Insulation Terre) special care has to be taken.
IT mains is a supply mains, where the star point in the supply transformer is floating to ground.
As opposed to TN mains, a ground fault will not cause a fuse to blow.
Units connected to such an IT mains must not trip when a ground fault occurs on the supply. The plant should
be able to operate with one ground fault.
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An "Insulation Monitoring Device" can be installed to monitor the system and to ensure that a ground fault is
found and mended before a second ground fault occurs. An "Insulation Monitoring Device" will signal that a
ground fault has been found in the system.

VLT on IT mains
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In IEC 1800-3 (1996) (Adjustable Speed Electrical Power Drive Systems) several warnings are mentioned,
which must be noticed (see copy page 2 and 3).
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Citation from IEC 1800-3 appendix D, (1996) Adjustable Speed Electrical Drive Systems
D.2. Safety of filtering and leakage currents

D.2.1. Safety and RFI filtering in power supply systems isolated from earth

In complex processes like rolling mills, bar mills or paper mills, as well as centrifugals and auxiliary equipments in
the sugar industry, crane equipment and chemical industry, it is useful and it is the state of the art to have a
distributed isolated power supply system. Even if for example, the motors are installed outside the building and
are exposed to high humidity, it must be possible to continue the process in spite of one short-circuit to earth.

This short circuit is detected via an "earth fault monitoring system" and allows the whole process to be safely run
until the next service interval.

 Main transformer

Several PDS* are working together in a complex process with distributed isolated power supply.

Fig. D.3 - Safety and filtering

This "process safety philosophy" in industrial installations could be disturbed by a lot of parasitic elements as

shown in the figure D.3; for example by capacitances Cpv between supply network and earth. The resulting
capacitance is the sum of all Y-type capacitances and parasitic capacitances. The sum of all Cpv can reach values
of several microfarads. Any RFI filtering system would increase this capacitance-to-earth to an extremely high
value because of the large number of Y-type capacitances used (for example n-times the capacitors Cy). With
increasing capacitance it would become more and more difficult and finally impossible to detect an earth fault
correctly.

With "RFI filtering devices" (Cy), any short circuit to earth will cause very high current values to flow
through the semiconductor switches within the power drive system. This is equivalent to short-circuit
conditions in the earthing network on any output failure. This would lead to a tripping of function and
releasing of electronic emergency protective devices, and finally to an undesired process shut-down
with unforeseeable economic consequences.

With this shut-down, a safety problem for the operating or service personnel would occur because, in
spite of switching off the main transformer, the capacitances Cy would remain loaded at dangerous
voltages with dangerous energy contents.

*) PDS means "Power Drives Systems" which includes a VLT.
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Comments to D.2.1 section 2

Use "Isolation Monitoring Devices" on IT mains
If a VLT is connected to an existing IT mains, unexplainable ground faults may be reported.
IT mains is often supplied with an "Isolation Monitoring Device" (IMD) which is connected to monitor the
system and detect, if an isolation fault occurs on the mains. When a fault occurs in the isolation, the monitor
raises an alarm, so that the operator can start a fault location. See figure 2.
Some "Isolation Monitoring Device" uses DC as test voltage.
If the VLT is supplied with a RFI filter with high capacity (micro Farad) to ground, the "Isolation Monitoring
Device" "may think" that there is an error in the system, because the test DC voltage generates a charging
leakage current in the RFI filter in the VLT and signals "ground fault".
It may therefore be necessary to adjust the "Isolation Monitoring Device" or to replace it.
The "Isolation Monitoring Device" can also be jammed by the variable output frequency of the frequency
converter. The "Isolation Monitoring Device" is normally not able to monitor ground faults in the DC bus.
With connected and switched-on consumers the insulation of the IT system must at least be 50 Ohm/V nominal
voltage. For well maintained installations the indicated value is 300 Ohm/V nominal voltage.
To get a safe protection the IMD has to be designed according to:

■  IEC 61557-8
■ AST F1669M-96 ore
■  DIN 57413 T8

The company Bender has a type IRDH265-4 and IRDH365-4 which can work together with the VLT. It can
monitor ground faults on the motor side and compensate for a capacity up to 500 �F (see data sheet on page
6 and 7).

These are the reasons why  RFI filtering is not compatible with isolated networks of distributed
processes, and therefore is not discussed in the above-mentioned examples. On the other hand, it can
be expected that RFI filtering would not be very effective in these networks. This is because the return
path of disturbance current flow to the disturbing source in systems isolated from earth is only
capacitive. It will be hard to define or calculate because of resonances with the parasitic line
inductances Lpv. Finally an increase of the disturbance currents flowing through some Cys through this
less defined path could lead to interference problems with other equipment working on the same supply
system.

*)PDS means "Power Drives Systems" which includes a VLT.

Comments to D.2.1 section 3

When a ground fault occurs in the mains supply, the potential energy in the capacitors of  the motor cable
between the VLT and the motor is discharged through the drive. The current measurement in VLT 2000,
VLT 2800, VLT 3000/3500 and VLT 5000/6000 will protect the VLTs against these current shocks and thereby
avoid trips. However, EMC filter components in the DC-bus for the VLT can cause a trip of the VLT frequency
converters:

If the frequency converter has EMC filter in the DC-bus (see figure 5 on page 5, CE1 and CE4 ), over-voltage
in the DC-bus voltage can occur. At normal operation conditions, there will be approx. ½ DC-bus voltage over CEI

and CE4, because the DC-bus voltage is floating relative to the ground potential.



VLT® on IT mains

MN.90.C3.02 - VLT is a registered Danfoss trademark4

V
LT

®
 o

n 
IT

 m
ai

ns

If a ground fault should occur in one of the phases in the power line, +DC bus or -DC will alternately be in
galvanic connection with ground, depending on whether the ground fault occurs in the plus- or minus diode in
the phase. This means that CE1 and CE4 respectively will be charged to full DC bus voltage. The energy from
CE1 and CE4 will charge the intermediate circuit electrolytes C1 and C2 up to twice the normal DC bus voltage.
(CE1 and CE4  = 0,05 micro Farad).
If the frequency converter is on “stand-by”, the voltage can be doubled compared to normal operation which
can result in a “trip” or destruction. The same problem can occur on TT mains.
The capacitors from the DC bus to ground are used to reduce the radio noise, especially when long motor
cables are used. If the VLT is equipped with a switch, the capacitors can be disconnected from ground.
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■ Open RFI switch (see fig. D.3 on page 2). Please note that !-)( might not be observed when S1 is opened

(please cf. the relevant Design Guide).
■ If the unit is supplied with a brake module, it will protect the unit. Connect 22 k Ohm ( Max. ) as brake resistor.

If braking is not required the brake resistor only needs to have a power rating of 15 W
■ Connect a load resistance of 15 W over the ±DC bus terminals
■ Use DC holding current (Parameter 124 in the VLT 5000).
■ Keep the VLT in "RUN" mode.

Comments to D.2.1. section 4

Comments to D.2.1. section 5

The standardized method for measuring EMC does not take into account that the mains supply can be IT
mains. Therefore no statements about EMC compatibility for IT mains can be made. However, our experience
in practice shows that our filters generally work as on TN mains.

NB! Please note:
■■■■■ The EMC filter module for VLT 2000 cannot be used on IT mains.
■■■■■ The RFI filters for VLT 2800 400 V cannot be used on IT mains.
■■■■■ EMC filter class B in VLT 3516-3562 cannot be used on IT mains.
■■■■■ VLT 5060-5500 and VLT 6075-6550 have a low leakage resistance to ground. The

resistance would be as low as 550 k Ohm. The reason is that protection against
direct contact has been used by means of protective impedance. If EMC filters are
used the "RFI switch 1" has to be opened.
As per week 19, 2002, the VLT 5075-5500 have been modified. After this modification the
leakage resistance to ground increase is set to 3.5 M Ohm. RFI switch 1 and 2 have to be
opened. This drive will have serial number (xxxxxx H192) or higher.
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The problem with long discharge time is also serious when using a VLT. Always use a measuring instrument to
check that all the capacitors are discharged.
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Fig. 3
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