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Application for low voltage with 400 V measurement without voltage transformer

1.1 Introduction

Protection relays designed for medium-voltage use are regularly used in low voltage because the medium-voltage
protection device has many functions that otherwise have to be built up discretely- via individual components. This
reduces product variance, engineering costs, maintenance costs, and so on.

A voltage measurement is required at low voltage, if systems have more than one infeed respectively systems are
operated coupled together. This is the case within many industrial plants.

The direct connection of a medium-voltage protection relay to the low voltage is usually not supported, so that voltage
transformers are used to adapt the low voltage to the measuring voltage range of the protection device. Such voltage
transformers are comparatively expensive and large.

This application describes a cost-effective and space-saving alternative to using voltage transformers.

1.2 Initial situation

SIPROTEC 5 devices comply with the Low Voltage Directive 2014/35 | EU. The voltage measurement inputs have a
maximum rated insulation voltage of 300V according to EN 60255-27: 2014 (Measuring relays and protection equipment;
Part 27: Product safety requirements). The voltage measuring range of the devices is approx. 210V. The voltage
measuring inputs of the SIPROTEC 5 devices must therefore not be connected directly to the 400V measuring voltage in
low-voltage switchgear.

In medium-voltage and high-voltage switchgear, voltage transformers with a secondary voltage of mostly 100V or 110V
are used for protection and measurement purposes. The use of voltage transformers in the low-voltage distribution
causes comparatively high additional costs and is space-intensive. Therefore, alternatives to the use of voltage
transformers are sought.

1.3 Solution

By using an external resistor (EMC-safe resistor which also complies with the EMC Directive 2014/30/EU), the measuring
voltage on the SIPROTEC 5 device can be reduced to a value within the permissible rated voltage and measuring range of
the device.

The following illustration shows the principle.
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Series connection of an external 100 kQ resistor divides the low voltage (e.g. 265 V phase-earth =230 V + 15%) by a
factor of 1.5, so that a suitable or permissible voltage is applied to the device terminals (e.g. 1776 V=265V [ 1.5).
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The external EMC-safe 100 kQ resistor is permanently integrated into a component terminal block (solder connection).
The component terminal is a terminal block for DIN rail mounting, see the following pictures.

The external voltage division (factor 1.5) can be corrected or recalculated by the SIPROTEC 5 device by a corresponding
voltage gain (magnitude correction) by the same factor (1.5) (the required setting is described in chapter 1.4). The
magnitude correction is done on a sample level so that all voltage values formed in the device or values based on the
voltage measurement (e.g., power) represent the correct and natural values of the low voltage network. At no point the
user must consider the factor 1.5 for conversion.

1.4 Device configuration (parameter settings)

Below, the few necessary settings are described in order to adapt the device to the low-voltage measurement.

1.41 Power system

Within the power system data, the following settings are necessary.

Settings for the voltage transformer (transformation ratio)

In the 3-phase voltage measuring point, the transformation ratio of the voltage transformer is to be set to rated voltages
(L-N) of 0.230 kV primary and 230 V secondary.
This corresponds to a ratio of 1/1.

¥ _g Settings Niederspannung » 75]82 » Settings » Power system » Meas.point V-3ph 1
[Z Device settings
G2 Time settings

~ 1 Power system r* [Edit mode: secondary | P [Active: settings group1 | €= =p & =
& General
B Meas point -3ph 1 VT 3-phase
| 5 Measpointv3ph1 |
L = SLll] 11.941.8911.101 Rated primaryvoltage: |0.230 | kv s
~ Ggvizph1
4 ® ;eneml 11.941.8911.102 Rated secondaryvoltage: [230 | v [ s
& Process monitor 11.941.8911.104 VTconnection: | 3 phto-gnd‘ Range of values: 80V to 230V, step size 1. B&
& 50i51 OC-3ph-81 11.941.8911.106 Inverted phases: | none [+] bb'
ORI 11.941.8911.111 Tracking: [active [+] A8
& Switch onto fault 1 ; ‘
& 59 Overvole-3ph 1 11.941.8911.130 Measuring-peint ID: |2 | (S
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Setting of the magnitude correction

The parameter "Magnitude correction" must be set to 1.5 for the three voltage transformers, see the following figure. This

corrects the external voltage division (ratio 2/3) device internally back, to the true low voltage value.

The magnitude correction is done on a sample level, so that all voltage values formed in the device or values based on the
voltage measurement (e.g., power) represent the correct and natural values of the low voltage network. At no point does

the user have to consider the factor 1.5 for conversion.

¥ _g Settings

Niederspannung » 75J82 » Settings » Powersystem » Meas.point V-3ph 1

E‘ Device settings

(nd |Edit mode: secondary

| r lActive: settings group 1

| € ©=z[E

G Time settings
= ?T Power systern
w General

2 Meas.point I-3ph 1

& Meas point V-3ph 1 i
» Recerding

~ §g Vi 3ph1
& General

§» Process monitor
& 50/51 OC-3ph-81
& S0NI51N OC-gnd-B1
& Switch onto fault 1
& 59 Overvolt-3ph 1
& Inrush detect.
¢ % Circuit-breaker interaction
» &7 Disconnector 1
» Y] Disconnector 2
» ] Disconnector 3
» §f] Circuit breaker 1
ligi Chams
{1 Display pages
—@ Safetyand security
= IEC 61850 structure
-Ls| Testsequences
—fg Process data
[Z3 Charts - Trendidyna mic display &
» | IEC 61850 stations
4 Load configuration to devices
?#‘-’ Load firmware to devices

- v v

v -

-

> _r_z] Cover pages
v [0 Frames
» ri'[ Document information
» ':@ Languages & resources
[ -
g Online access

VT 3-phase
11.941.8911.101 Rated primaryvaltage: |0.230 | kv [ a5
11.941.8911.102 Rated secondaryvoltage: |230 | v =
11.941.8911.104 VT connection: | 3 ph-to-gnd voltages [~ A
11.941.8911.106 Inverted phases: | none [« (A%
11.941.8911.111 Tracking: |active [+ (AR
11.941.8911.130 Measuring-point ID: |2 | (A%
A0a ne age || Delete stage I
VT 1
—
11.941.3811.103 Il\»hgnitude correction: [[EIE | | (g
11.941.3811.108 Phase: |V A [+] (A%
| AOa ne | | age |
VT 2
11.941.3812.103 | Magnitude correction: [1500 | =
11.941.3812.108 Phaze: |VB Range of values: 0.010 to 10.000, step size 0.001.

VT 3
11.941.3813.103 | Megnitude correction: [1.500 | | (s
11.941.3813.108 Phase: |vC [+] (A%
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1.4.2  Rated voltage in the protection function group

Setting the rated voltage in the function group

The setting of the nominal values in the function group is used for the formation of % values (% setting values, %
operational measured values). Consequently, the rated voltage must be set to 0.400 kV.

Niederspannung » 75J82 » Settings » VI3ph1 » General

¥ —§ Settings
[Z Device settings
G Time settings r* [Edit mode: secondary || P [Active: settings group1 | | €= = 5 e E‘
« 7 Power system [ES
W General

& Meas_point I-3ph 1
& Meas_point V-3ph 1 Rated values
» 4? Recording

v G5 Vi 3ph 1
Lcenenl

General

821.9451.101 Rated current: | 100 A lﬁé

821.9451.102 Rated voltage: |[EL | kv (AR

e aCes s roniiay §21.9451.103 Rated apparentpower: |0.07 o 9° O values: 020KV 1200.00 kK pds
&» 50151 OC-3ph-B1

& S50NISTN OC-gnd-B1
& Switch onto fault 1
& 59 Overvolt-3ph 1
# Inrush detect.
€5 Circuit-breaker interactic
» &] Disconnector 1
» §}] Disconnector 2
» &3] Discennecter 3
» &3] Circuit breaker 1

Power-system data

821.9451.149 Powersys. neutral point: |grounded F‘

Measurements

821.9451.158 P.Qsign: | not reversed &

1.5 Connection example

The 3 terminal blocks (with integrated resistors) replace 3 star-connected voltage transformers.

@ L1
¢ L2
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t N
X J( l Housing
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1.6 Ordering data and scope of delivery

Product code / SIPROTEC 5 configurator

The terminals for the low voltage connection are located in the SIPROTEC 5 configurator under:
"Part" => "Terminal" => "Terminals for low volt.connec."

The product code is: "P1X301".

SIEMENS
fugu,\uilyforb‘fv_

Products & Services Market-specific Solutions

i > Products & Services »  Energy »

SIPROTEC 5 Configurator - Perfectly tailored fit

Terminal Terminal:

= Base functicnality (7)
Teminal (%)

(*) Entry Required

Scope of delivery:

Company

Energy automation and smart grid »  Protection for digital substation »  Configurator

for Hardware Manusl

| v

8x Voltage terminal, 14-pole

2x Voltage terminal, 2-pole foF Overview of all plug-in
TypeA-Curr.term., 4x prot. modules and protocols

TypeA-Curr.term, 3xprot. 1xsens.
Typed-Curr.term.,4x measuram.
TypeB-Curr.term., 4x prot.
TypeB-Curr.term, 3xprot. 1xsens.
Terminals for 10230/231/233
Terminals for [O110/112/113
Terminals+Shielding for 10111
Terminals for low volt.connec.
3x 2-p. cross con. curr. term.

6x 2-p. cross con. volt. term.

1x Cover for current terminal

&x Cover for voltage terminal
2x Transport lock curr. term

10x Transport lock volt. term.

4 terminal blocks (screw connection) with integrated pulse withstanding 100 kQ resistor plus 1 end cover.
For the application, 3 terminals are required (1 per phase).
Note: The 4th terminal is in reserve and must not be switched to the neutral conductor! (see connection example).
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