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Fig. 1: Single line showing standard operation mode

Fig. 2: THYROTRONIC

General
The protection of electrical loads against power failure is often
carried out by battery backed up DC power supplies, providing
electrical energy to important loads during mains supply, as
well as during mains failure.
Battery backed up DC power supplies have, over several
decades, proved extremely reliable and economical.
The reliability of a battery backed up DC power supply is
deﬁned by the quality of the battery used, as well as the reliable
operation of the rectiﬁer.
The THYROTRONIC rectiﬁer range (see ﬁg. 2) developed by
BENNING is especially intended for use as battery backed up
power supplies and feature very high reliability and a comprehensive monitoring concept.
THYROTRONIC rectiﬁers are operating with a controlled output
characteristic (IU-characteristic line in accordance with
DIN 41773).
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The output voltage is kept constant to the set value with a
permissible deviation of ± 0.5 % within a load range between
0 % and 100 % of the unit current.
Mains voltage ﬂuctuations of ± 10 % and mains frequency
ﬂuctuations of ± 5 % will be controlled automatically.
As an energy storage mainly valve regulated or vented lead
acid batteries are used. Nickel-cadmium batteries are used in
extreme ambient conditions.

Range of applications
• Power plants
• Substations
• Railway equipment
• Offshore projects
• Oil and gas pipeline systems
• Hospitals

Rectiﬁer series THYROTRONIC
The THYROTRONIC series consists mainly of a thyristorcontrolled power unit and a microprocessor-controlled
monitoring and control unit.

The following main components are included:
• Mains transformer with separate windings
• Fully controlled 6 pulse three phase bridge with semi
conductor protection fuse (working primarily as battery
inverse polarity protection)
• Smoothing chokes and capacitor bank to reduce ripple
• Control unit with digital setpoint setting
• Digital monitoring
• Display and operation unit with graphical LCD display
on the front door (see ﬁg. 4)
• Output MCCB

Functions of the signaling and
monitoring unit
Mains monitoring
In case of a mains failure, an electronic regulator block is
initiated and the LED and the “mains failure relay” will be
activated. If the mains voltage returns, the unit is automatically
switched on after a set time.
Charger output monitoring
The charger output monitoring is a current-dependent low
voltage function and monitors the IU-characteristic of the
rectiﬁer unit.
If the charger output falls below a set value and the output
current falls below 90 % of the rated current the alarm will
activate and indicate “unit fault”. The corresponding LED and
the common relay will be activated.
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Fig. 3: THYROTRONIC interior view

High voltage monitoring
If the output voltage rises too high (value is adjustable) due to
an internal or external interference, over 20 msec, the impulse
blocking will be activated and the output voltage will be set
to zero.
This high voltage monitoring works as dynamic monitoring
with an automatic reset. If the monitoring activates 4 times
within a period of 30 seconds, the mains contactor will be
disconnected, the LED “high voltage” and common relay will
be activated.
Low battery voltage
If the battery voltage falls below a set value, e.g. 1.75 V / cell
(value adjustable) during discharge in a case of mains failure,
the alarm “low battery voltage” will appear. LED and common
alarm will be activated.

Display and operation unit (see ﬁg. 4)
The display and operation unit mounted on the front door of
the THYROTRONIC features a graphical LCD display to indicate
the status and the measurements in plain text, as well as
17 LED’s controlled by the monitoring and control unit.
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The 4 LED’s integrated in the display above the push buttons
are linked to ﬁxed functions. Two spare LED’s can be linked
to any external monitoring units.
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Fig. 4: THYROTRONIC display and operation unit

Battery circuit test
The battery circuit of the power supply system is tested
cyclically every 24 hours. For this, the rectiﬁer output voltage is
dropped down to 1.9 V / C for a period of 5 secs. and, as a
result, the battery is discharged.
At the same time, the battery voltage is checked. If the battery
voltage stays above 1.9 V / C, the battery circuit has no fault. If
it falls below the limiting value, a “battery circuit fault” will be
indicated and the LED as well as the common fault signalling
relay will be activated. – Caution! – It is not intended that this
test should replace battery circuit monitoring!
Battery availability test
During the battery availability test the rectiﬁer output voltage
will be dropped and the battery will be discharged as is the
case during the battery circuit test. The battery will be discharged down to an adjustable minimum voltage limit during
an adjustable time. These limits depend on the proportional
battery capacity withdrawn during the discharge and can be
taken from the discharging curves of the connected battery.
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If, during the availability test, the values fall below the adjusted
limits, the message “battery test negative” will be indicated by
the corresponding LED and the common fault signaling relay.
After the test the rectiﬁer automatically switches back to
boost charge or ﬂoating charge.
Earth fault monitoring
The earth fault monitoring function monitors the insulation
resistance of the DC-output to earth. Plus and minus are
measured and monitored alternately. If the insulation
resistance falls below the adjusted value (adjustable from
100 kΩ to 1 MΩ), this will be indicated by the LEDs and
the common alarm.
I*R Compensation
With I*R Compensation it is possible to compensate for the
voltage drop on the cable between rectiﬁer and battery by
entry of cable length and cross-section of the cable.

Safe, reliable and powerful operation:
• Low number of components, but those components are tough
• Resistant to mechanical and electronic loads, and
designed to withstand harsh ambient conditions
• Circuitry concept: analog regulator with digital setup,
which means that the system will not crash just because
of a software error
• Automatic, temperature-controlled loading curve
• Battery available / circuitry test
• Structural separation
• High-quality output power
· fully-controlled thyristor three phase bridge,
6 pulse (standard), 12 pulse (optional)
• Suitable for lead and NiCd batteries

input current

6 pulse

12 pulse

time

Fig. 5: Comparison of harmonic loading of input current with
6/12 thyristor rectiﬁers

Programmable ﬂoat/boost charge change over
If the battery voltage lowers due to mains failure or any other
circumstances the rectiﬁer unit will work in current limit. If it
operates for more than 30 seconds after the charge start it will
automatically be switched over to boost charge characteristic.
After the boost charge voltage (current limitation) has been
reached and after decreasing to < 90 %, a time stage will
be activated. Upon expiry of the set time (0 to 6 h) it will automatically be switched back to ﬂoat charge.
The automatic charging can be switched off so that only a
manual switch-over via the plastic foil key board on the front
panel is possible. Switching back to ﬂoat charge can be done
manually as well. If this is not done, the controller will switch
back as in the case of automatic charging.
The switch-over to boost charge can be blocked by an external
contact or a ﬁxed bridge on the controller.

Fig. 6: THYROTRONIC

Equalize charge stage
It is possible to switch to an equalize charge stage via a switch
on the front panel.
Here the voltage limitation will be abolished and the nominal
unit current will be reduced to 20 % (adjustable from 20 to 30).
An equalize and commissioning charge follows with an
I-characteristic up to the ﬁnal charge voltage of the battery.
After switching to equalize charge, a timer automatically
switches back to the ﬂoat charge on expiry of the set time
(16 hours to 72 hours).
Using an external contact or a ﬁxed bridge at the regulator,
the equalize charge can be blocked and a switch over to the
I-characteristic can be prevented.
Load sharing in parallel operation
Due to an internal bus connection between several rectiﬁers
an active load sharing of ± 10 % is possible.
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Technical data
Mains input
Input voltage

Input current
Frequency
Power factor
Rectiﬁer output
Output voltage
Output current

Output current
adjustment range
Current accuracy
Characteristic
Boost voltage
Float voltage
Equalize voltage

Output Voltage
adjustment range
Voltage accuracy
Ripple
Efﬁciency

[VAC] 230 ± 10 % 1-phase
240 ± 10 % 1-phase
208 ± 10 % 3-phase
400 ± 10 % 3-phase
480 ± 10 % 3-phase
(others on request)
[A] as function of power
[Hz] 50/60 ± 5 %
~0.83 at nominal mains voltage
and ﬂoat charging
[V] 24, 48, 60, 110/125, 220/240
(higher on request)
[A] 20, 40, 60, 80, 100, 125, 160, 200,
300, 400, 500, 600, 800, 1000
(higher on request)
[%] 50 – 100 rectiﬁer current limit
[%] 0 – 50 battery charging
current limit
[%] ± 2
IU in acc. DIN41773
@ ﬂoat and boost
[V / C] 2.4 lead acid battery
1.55 NiCd battery
[V / C] 2.23 lead acid battery
1.40 NiCd battery
[V / C] 2.7 lead acid battery
1.7 NiCd battery
with reduced current
[%] ± 5

General data
EMC
Rel. humidity
Audible noise
Installation height
Cooling
Ambient temperature
Storage temperature
Cabinet protection
Cabinet
Paint ﬁnish
Volt free alarms

Dimensions
Options
Interfaces

EN 61000-6-2
[%] < 95 non condensing
[dB A] < 65 measured at 1m distance
and half rectiﬁer height
[ft] max. 3280 above sea level
(without reduction in power)
natural convection
[°F] 32 – 104 (reduction in power
beyond this)
[°F] -4 to +158
IP 20 IEC60529, NEMA1
(higher on request)
Steel frame ﬂoor standing cabinet,
front door with double bit lock
RAL 7035 structured powder
coating (others on request)
mains failure
battery voltage low
common alarm
based on power
MODBUS
Proﬁbus
additional relay contacts

Countercells
Analog measuring instruments
Additional monitoring components
Subject to technical change without notice.

[%] ± 0.5
[%] < 5 rms eff. without battery
option < 2 rms without battery
[%] 85 – 94 type dependent
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Typical values: Depending on type of load and
mains conditions
Volt / Cell

• 10 – 30 minutes
· for EDP-systems

charge

2.4
2.3
2.23
2.2

float charge

2.1
2.0

[%]

0
0

20

40

60

80

• 1 – 3 hours
· energy supply
· process control
· rail way
· air ports
· hospitals

100

output current

• 2 – 8 hours
· telecommunication systems
· oil and gas industry

Fig 7: Charging characteristic for lead-acid batteries in
accordance with DIN 41773

Operation
Lead-acid and nickel-cadmium batteries achieve optimum
service life when remaining on ﬂoat, in a charged condition.
The charger ﬂoats the battery in a charged state and also
supplies the load with power. In the event of mains power
failure the battery will then supply the load its required
power. This is called “parallel operation” (see ﬁg. 1).
With substantially discharged batteries, the rectiﬁer unit at
ﬁrst operates in the I-branch of the IU-characteristic line,
whereby the charging current for the batteries results from
the difference between the nominal current of the rectiﬁer
unit and the load current.

Switching the charge characteristic, from ﬂoat charging
(e.g. 2.23 V / cell with lead-acid batteries) to boost charging
(2.4 V / cell with lead-acid batteries) gives an accelerated
recharge which can be manual, dependent on voltage or
dependent on voltage and time.
After the battery has been fully charged, a small charge
current ﬂows (approx. 0.3 mA to 1 mA per 1 Ah) to balance
the internal losses of the battery.
The required autonomy is taken into consideration for calculating the battery size. The standby times vary depending on
type of load and mains conditions.

When the set output voltage of the rectiﬁer unit (U-branch)
has been reached, the unit is changed to constant voltage
charging (see ﬁg. 7).
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Austria
Benning GmbH
Elektrotechnik und Elektronik
Eduard-Klinger-Str. 9
3423 ST. ANDRÄ-WÖRDERN
Tel.: +43 (0) 22 42 / 3 24 16-0
Fax: +43 (0) 22 42 / 3 24 23
E-mail: info@benning.at

Greece
Benning Hellas
Chanion 1, Lykovrisi 141 23
ATHENS
Tel.: +30 (0) 2 10 / 5 74 11 37
Fax: +30 (0) 2 10 / 5 78 25 54
E-mail: info@benning.gr

South East Asia
Benning Power Electronics Pte Ltd
85, Defu Lane 10
#05-00
SINGAPORE 539218
Tel.: +65 / 68 44 31 33
Fax: +65 / 68 44 32 79
E-mail: sales@benning.com.sg

Belarus
OOO «BENNING Elektrotechnik
und Elektronik»
Masherova Ave., 6A, 1003
224030, BREST
Tel.: +375 162 / 51 25 12
Fax: +375 162 / 51 24 44
E-mail: info@benning.by

Hungary
Benning Kft.
Power Electronics
Rákóczi út 145
2541 LÁBATLAN
Tel.: +36 (0) 33 / 50 76 00
Fax: +36 (0) 33 / 50 76 01
E-mail: benning@benning.hu

Spain
Benning Conversión de Energía S.A.
C/Pico de Santa Catalina 2
Pol. Ind. Los Linares
28970 HUMANES, MADRID
Tel.: +34 91 / 6 04 81 10
Fax: +34 91 / 6 04 84 02
E-mail: benning@benning.es

Belgium
Benning Belgium
branch of Benning Vertriebsges. mbH
Assesteenweg 65
1740 TERNAT
Tel.: +32 (0) 2 / 5 82 87 85
Fax: +32 (0) 2 / 5 82 87 69
E-mail: info@benning.be

Italy
Benning Conversione di Energia S.r.L
Via Cimarosa, 81
40033 CASALECCHIO DI RENO (BO)
Tel.: +39 0 51 / 75 88 00
Fax: +39 0 51 / 6 16 76 55
E-mail: info@benningitalia.com

Sweden
Benning Sweden AB
Box 990, Hovslagarev. 3B
19129 SOLLENTUNA
Tel.: +46 (0) 8 / 6 23 95 00
Fax: +46 (0) 8 / 96 97 72
E-mail: power@benning.se

Croatia
Benning Zagreb d.o.o.
Trnjanska 61
10000 ZAGREB
Tel.: +385 (0) 1 / 6 31 22 80
Fax: +385 (0) 1 / 6 31 22 89
E-mail: info@benning.hr

Netherlands
Benning NL
branch of Benning Vertriebsges. mbH
Peppelkade 42
3992 AK HOUTEN
Tel.: +31 (0) 30 / 6 34 60 10
Fax: +31 (0) 30 / 6 34 60 20
E-mail: info@benning.nl

Switzerland
Benning Power Electronics GmbH
Industriestrasse 6
8305 DIETLIKON
Tel.: +41 (0) 44 / 8 05 75 75
Fax: +41 (0) 44 / 8 05 75 80
E-mail: info@benning.ch

Czech Republic
Benning CR, s.r.o.
Zahradní ul. 894
293 06 KOSMONOSY
Tel.: +420 / 3 26 72 10 03
E-mail: odbyt@benning.cz

Poland
Benning Power Electronics Sp. z o.o.
Korczunkowa 30
05-503 GLOSKÓW
Tel.: +48 (0) 22 / 7 57 84 53
Fax: +48 (0) 22 / 7 57 84 52
E-mail: biuro@benning.biz

Turkey
Benning GmbH Turkey Liaison Office
19 Mayıs Mah. Kürkçü Sokak No:16/A
34736 KOZYATAGI
KADIKÖY / ISTANBUL
Tel.: +90 (0) 2 16 / 4 45 71 46
Fax: +90 (0) 2 16 / 4 45 71 47
E-mail: info@benning.com.tr

France
Benning
conversion d’énergie
43, avenue Winston Churchill
B.P. 418
27404 LOUVIERS CEDEX
Tel.: +33 (0) / 2 32 25 23 94
Fax: +33 (0) / 2 32 25 13 95
E-mail: info@benning.fr

P. R. China
Benning Power Electronics (Beijing) Co., Ltd.
No. 6 Guangyuan Dongjie
Tongzhou Industrial Development Zone
101113 BEIJING
Tel.: +86 (0) 10 / 61 56 85 88
Fax: +86 (0) 10 / 61 50 62 00
E-mail: info@benning.cn

UAE
Benning Power Systems
Middle East / Office: 918,
9th Floor, AYA Business Center
ADNIC Building, Khalifa Street
ABU DHABI
Tel.: +971 (0) 2 / 4 18 91 50
E-mail: benningme@benning.fr

Germany
Benning Elektrotechnik und Elektronik
GmbH & Co. KG
Factory I: Münsterstr. 135-137
Factory II: Robert-Bosch-Str. 20
46397 BOCHOLT
Tel.: +49 (0) 28 71 / 93-0
Fax: +49 (0) 28 71 / 9 32 97
E-mail: info@benning.de

Russian Federation
OOO Benning Power Electronics
Domodedovo town,
microdistrict Severny,
"Benning" estate, bldg.1
142000 MOSCOW REGION
Tel.: +7 4 95 / 9 67 68 50
Fax: +7 4 95 / 9 67 68 51
E-mail: benning@benning.ru

Ukraine
Benning Power Electronics
3 Sim'yi Sosninykh str.
03148 KYIV
Tel.: 0038 044 501 40 45
Fax: 0038 044 273 57 49
E-mail: info@benning.ua

Great-Britain
Benning Power Electronics (UK) Ltd.
Oakley House, Hogwood Lane
Finchampstead
BERKSHIRE
RG 40 4QW
Tel.: +44 (0) 1 18 / 9 73 15 06
Fax: +44 (0) 1 18 / 9 73 15 08
E-mail: info@benninguk.com

Slovakia
Benning Slovensko, s.r.o.
Šenkvická 3610/14W
902 01 PEZINOK
Tel.: +421 (0) 2 / 44 45 99 42
Fax: +421 (0) 2 / 44 45 50 05
E-mail: benning@benning.sk

U.S.A.
Benning Power Electronics, Inc.
1220 Presidential Drive
RICHARDSON, TEXAS 75081
Tel.: +1 2 14 / 5 53 14 44
Fax: +1 2 14 / 5 53 13 55
E-mail: sales@benning.us
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