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Reinhausen Group and PQM

About Reinhausen Group and PQM

Reinhausen Group(MR) was founded in 1868 and its headquater is lo-
cated in Regensburg, Germany. MR is the technology pioneer and
market leader of onload tap-changers for power transformers. In
2006, MR set up its subsidary— MR China Ltd., in Shanghai.

In 1997 and 2003, MR took over the business of Siemens MV reactive
power compensation and AEG LV reactive power compensation, which
constituted MR PQM Division. In 2007, MR commenced its POM busi-
ness in China.

MR PQM is the leading supplier of power compensation and filter cir-
cuits equipment in MV and LV network, can offer a large variety of
serivees and products, such as harmonic measurement and analysis,
conventional and dynamic power compensation, tuned filter circuits
equipment, active filter system, and its power capacitors, filter reac-
tors, thyristor power modules and power factor controllers.
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Low voltage PFC and filter circuits equipment

BN RRAHIMERE ST R A MR R &
Conventional PFC equipment Dynamic PFC equipment

TCIRIRR IR & BN E

Tuned filter circuits equipment Active filter equipment
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Components and assemblies

MKK E8 77 88 2 &
MKK power capacitors

R B
Filter reactors

Thyro-C Bk E
Thyro-C power modules

B R AR 4 e AR

Capacitor bank assemblies iﬂ'ﬂ!iﬂﬁ
Real-time controllers

MELE
Discharge reactor
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Capacitor switching contactors
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Description of PFC assemblies

I RBEERAH 1 E 1]
Singleline of PFC assemblies
_—
% ProCon
12R
PPS
FABRERA L

Conventional PFC assemblies

AL AR A

Conventional PFC assemblies

MREC 2

5-

iﬂ BRBBELER

Capacitor rated voltage

HIEE. 7/14

Reactor value

AR BFEMBRRMAN

Configuration: capacitors and reactors

ITHRETHHERER (kvar] . 25/50

Effective power at operated voltage

MRIEE AR A MBS

MR design code

#. Rt EEFRAEEHS BIRBOIBRERLA N, HEN.,

Note: PFC assemblies for other mains voltages are available upon request.

DynamiC
12T

BN IR

Dynamic PFC assemblies

D e

Bhas s R RA

Dynamic PFC assemblies

MR

FC 2!

B - -
iﬂ%#ﬁﬁﬁ%ﬁ

Capacitor rated voltage

HRREE: 7/14

Reactor value

AR AR, BRFNESHEHR

Configuration: capacitors, reactors and thyristors

THEBEETHERAE (kvar) . 25/50

Effective power at operated voltage

MRIBFARR A MRS

MR design code
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Description of PFC assemblies

PFC assemblies

Reactor value of MR PFC assemblies are as follows:

. p = 5.67%
| p=7%
. p=12.5%
* p = 14%

The often applied value p = 7% results in a series resonance of 189
Hz. This detuned filter circuit absorbs 20% of the 5th harmonic cur-
rent and a small part of the 7th harmonic current, whereas the
greater part is supplied to the power supply network.

In the network of high harmonics, p = 5.67% can be applied, which
results in a series resonance of 210 Hz and can absorb 50% of the
5th harmonic current.

For p = 149%, the detuned frequency is 133Hz, which mainly
restrains the 3rd harmonic current.

HFRIIRIEARRA M (400V 50Hz)

7%, 25kvar, 400V

Recommended configuration of PFC assemblies(400V 50Hz)

IR ARRA

MREBBERRAGTRFUTEHAK:
p = 5.67%
p=7%
p=12.5%
p = 14%

SREMAHEHREp =7%, BRRRAFEIZATER
RAOMBERF, ETEMNREEREA189Hz, TTHRIR20%0FHH
REFENSREREVBIRER, EXSFEERNL—RS
MARFHERES.

MRARRENENFEESBIERE, WEAMAp=567%
FEEERE S, TRRIEIEMRH210Hz, TIRIE500% FHE &
74 5

WRp = 14%, WLFEMEH133Hz, FBATHIHRE
*.

MRFC25-DR7-440

7%, 50kvar, 400V MRFC50-DR7-440
7%, 25kvar, 400V MRFC25-DR7-480
7%, 50kvar, 400V MRFC50-DR7-480
7%, 25kvar, 400V MRFC25-DR7-525
7%, 50kvar, 400V MRFC50-DR7-525

5.67%, 25kvar, 400V

149%, 25kvar, 400V MRFC25-DR14-480
14%, 50kvar, 400V MRFC50-DR14-480
14%, 25kvar, 400V MRFC25-DR14-525
14%, 50kvar, 400V MRFC50-DR14-525

MRFC25-DR5.67-440

5.67%, 50kvar, 400V

MRFC50-DR5.67-440

7%, 20kvar, 400V

MRFC20-DR7-480

7%, 30kvar, 400V

MRFC30-DR7-480

7%, 12.5kvar, 400V

MRFC12.5-DR7-525

3 RbEERDERFRAIERBRAN, HEH,

Note: PFC assembiles of other voltages and reactive power are also available upon request.
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Description of PFC assemblies

Th R E B=H SRiE R R
Selection table of power factor controllers

BATEAShEESRIE

For conventional power factor control

BERERE, RREBTRULAQPS, cospR 1-19 KiEHERMEE, 6 12 BRakE
AR

Front-plate mounting, LCD multifunction display of U, I, f, Q, P, S, cosg and 1-19 harmonics,6
or 12 relay outputs

BFERERERE

For conventional power factor control

BIERERSE, REEFRU LA QPS, cospR 1-19 JEFEFAMEE, 12 BEakeh 385
44, RS485 3£, Modbus RTU F1 Profibus DP JEifL i

Front-plate mounting, LCD multifunction display of U, |, f, Q, P, S, cosg and 1-19 harmon-
ics,12 relay outputs, interface RS485, protocol Modbus RTU and Profibus DP

AFaHEHEREBRE

For dynamic power factor control

BERR%E, REERULLQPS, cospR 1-19 REHERFEE, 6312 BREHE
i

Front-plate mounting, LCD multifunction display of U, I, f, Q, P, S, cosq and 1-19 harmonics,6
or 12 transistor outputs

ATHEIEERERE

For dynamic power factor control

AERER, RBEBTRU, LA QPS cospR 1-19 RIEFRRMEE, 12 BRRAEER
i, RS485 #£[0, Modbus RTU 0 Profibus DP @MY

Front-plate mounting, LCD multifunction display of U, |, f, Q, P, S, cosg and 1-19 harmon-
ics, 12 transistor outputs, interface RS485, protocol Modbus RTU and Profibus DP
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Selection guide of PFC assemblies

X FHEH400V, S0HzR G, SIHARMNEERRE, HENBRRRAFERNT.

For mains 400V, 50Hz, recommended PFC assemblies for different power transformers are as follows:

BHRp=7%, HiFEHZE189Hz
p=7%, detuned frequency 189Hz

25 2

315 100
50 1
25 1

400 125
50 2
25 2

500 150
50 2
25 1

500 175
50 3
25 2

630 200
50 3
25 1

630 225
50 4
25 2

800 250
50 4
25 1

800 275
50 5
25 2

1000 300
50 5
1000 350 50 7
1250 400 50 8
1600 500 50 10
2000 600 50 12
50 9

2500 750
2x50 3
50 8

2500 800
2x50 4
3150 1000 2x50 10

. X TFEHE=14%, EBEHFYEBEELEFEN480V
Note: For p=149%, rated voltage of power capacitor is 480V
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Power capacitors

Installation and operation

For installation and operation of power capacitors, installation and
operating instructions such as VDE 0100, VDE 0101, VDE 0105,

VDE 0560 part 4 and 46 as well as EN 60831 and IEC 831 must be
taken into account. Power capacitors must be installed in a cool and
well ventilated area, and should not be installed within the range of
heat radiating objects. Normally, the natural heat release of the
power capacitors is sufficient for cooling provided that provision is
made for free entry and exit of the cooling air and 2 minimum
distance of 50 mm between the power capacitors is observed. In the
case of an installation within an insufficiently cooled area, a forced
ventilation is necessary. The forced ventilation must take place,
however, within the range of allowable cooling air temperatures.

Discharge

Each power capacitor must be provided with a device for discharging
of the capacitor unit within 3 min to 75 V or less. No switch, fuse, or
any other isolating device should be between the power capacitor
and the discharge device.

Power capacitors which are directly connected to other electrical
equipment providing a discharge path can be considered as properly
discharged, provided that the circuit characteristics ensure the
discharge of the power capacitors within the time specified above.

AARNSERRESE-SAEIERIMRRESE

REE5ERT

XTENBRBARKSETT, LASIRVDE0100,
VDEO101, VDEO105, VDEO506554F1458843 |X B EN60831F1IEC831
FRRSETESOAE. BHBERDARKERIGEN7
B, PRRFERBHEOTWEERN., BF, RARREFAH
SSHEREHA, BEREZ FHNREEFAR/\F50mm,
BHRFROERBATREURLRH, MRERFENA
AEVZAT, WARFAEGIER, B2, BIBRNSSRED
MEAFHEEN.

BERE

SAENERBMAREEHERE, EEIDHAREE
FREERBE7OVUT. BNEFRMRBREZ BFNE
X, BENAMEEEE. EREEARERDHfgSE
EEEAYE i E, REME DR ERIEERBE LRNE
HIE 8 Z N SEAE, RITTRARESMET .,

Guide values of capacitor rating-Power compensation of single motors

4.0-49 20

50.-7.9 3.0

8.0-10.9 4.0
11.0-13.9 5.0
14.0-17.9 6.0
18.0-21.9 1.5
22.0-22.8 10.0

30 and above [ 30} F approx. 35% of motor rating [ 254 &8 41 THER £935%

EERDEMZESBFRBESE - ERETERORW

Single compensation of power transformers — Connection to the secondary side of power transformers

160 5.0
400 125
630 20.0
1000 30.0
1600 50.0
higher power ratings | E SR8 approx.3% of transformer rating | AL T ERMEREM 3%
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MKK power capacitors

Construction

MKK capacitors are self-healing capacitors with dry windings built in
an aluminium can. The dielectric consists of low loss metallized
polypropylene film. Due to a new technology in winding production,
a high performance of the capacitor is reached. On a metal pipe
three electrically isolated partial capacitances are concentrically
grouped. They may be connected in either a star or delta con-
figuration. The construction of the capacitor and the tests to be
carried out are according to EN 60831-1/-2 (DIN VDE 0560 part
46/47). Because of the dry construction, the capacitor can be
installed in any position. The used protection gas (nitrogen) inside
the capacitor is neutral an not flammabel.

Terminal
The terminal is designed as a triple-pole terminal block. It is possible

to clamp safely multiple-wires with a cross section up to 16 mm? Cu.

The construction of the terminal block avoids a loosening of the
screws, even in the case of strong mechanical and electrical stresses.
Required torque T= 1,2 Nm.

The terminal corresponds to VDE 106 [ BGV A2.

High current loading

Power capacitors in power factor correction equipment are frequent-
ly switched. The high current peaks during switching have to be
managed without affecting the life time of the capacitor. Through
specific technological arragements in the contact zones an inrush
current of up to 200 |y is admissible!

Self-healing

Due to switching operations, inadmissible voltage peaks of up to

3 times that of the rated voltage can occur in low voltage networks.
If these stresses effect a dielectric breakdown, the self-healing
mechanism will function. After self-healing, the capacitor continues
its complete operation. The decrease in capacitance in negligible.

Expansion fuse

MKK capacitors are equipped with overpressure expansion fuses. The
expansion fuses operate when the internal pressure rise effected by
repeated self-healings on faulty spots has reached a determined
value. In this case the lid of the aluminium can will slightly bulge
out breaking the fuses at the planned fracture. The expansion fuses
disconnect the capacitor safely from the power supply system.

It
: AU
el

EREfT

Normal operation

FLBTIRTS

Interruption state

&1

MKKERRRAEAAMUDE, RATASRE, KEBHE
BR, RENRARRENSBARAEEER. BTEZAT
BPRATHEAR, ERBMUERAKNRES. BRE H=HER
Hp, BSEEESSZBEOEARENLE, ZABFIT
REAERS=ARER, BRFRNEMIRKIIIREN60831-
1/-2* (DIN VDEO5605£46/4783%>) #4T. BT RATREHM,
BEBTURREFESR, KRABEERIPSE (BS) |
RAFRTHRYE.

i

BRI =RB AR TR, DUED ik B
ER1I6mm? U TR FRL. T ROEN T URIEREER
ANEBSIYMENERT, BERLDASNE. WTHE
VDE106/BGV A24R)E,

BEWmTHEER. T=1.2Nm,

RERAR
DEABIMEZREANENERRRBAEDHR, BT

RAZUBRLENKBREE, BFRWERENEFS. AT

FERDSK BOE R FRAR MBI AR R, SRR AVHEE|2001y,

BT

EBRBRELESD, RESMNASEEEETEATNZS
EB3ME, XRAATN, REZEERERENREST. B
RENENREER, ARZE. BRH#TNSEET. B8R
BREBHFERE, TR,

I B =428 B 2

MKKE RBEE AL E N AR, IREBIRE
BR., SBABEN LIRS —eBE, WKUBKRRD
e, i, EFEEHEREREE, BETRERITAN
Rubwhl, WEXBEBRTUEERRRSBNENRS
REFF.

MKK & 77 68 23 5% 8 BRI A9 K S V1)
Wave cut at the dielectric of MKK AC power capacitors.
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MKK power capacitors

BRSH

Technical specification

Max. allowable operating voltage

VELE, WeRE, TELR RiERFR
Rated voltage, -power, -current see selection table
BAAFIERE KHA: 10Uy SHEH/NE. 11U,

1.0 Uy permanently 1.1 Uy 8 h daily

BRAVFIESRR

Max. allowable operating current

#9181y, HAEEERFSIEC 1000-2-4, TAHEFN (248)
approx. 1.8 ly, max. voltage harmonics acc, to |EC 1000-2-4 for industrial mains
(class 2)

BRI

Max. allowable inrush current 200 x Iy

BEF Uy < 660 V: 3/- kV

Insulation level Uy > 660 V: 6/- kV

RIFFER

Degree of protection IP20 (/1P42/1P55)

RFE

Losses <0.13 Wikvar*  (tested data / {IS¥IE )

i ASE, mERE

-25/D
Temperature class, temperature limits /
BERE (240\N¥H, £, GH) +45°C
Temperature limits (24-h-average, annual +35°C
average, short time) +55 °C
ﬁﬁ_ <95 %
Humidity
ETBRSE HUEIE{THY SRS B < 4000 m
Operating altitude < 4000 m above sea level at rated operation
RE PR, BARE Bifv24
Installation, mounting Indoor, random position Stud M24
TR A e <HIER B, 3ISMKBRBVIT (RIHE)
Discharge time < 3 minutes to 30V or less with discharge resistors (tested data)
Fir 72 £ 4 T°>150000 T #f/)\ i
Life time = 150.000 operating hours under rated conditions
o IEC 831-1/2, EN 60831-1/2, VDE 0560-46/47
Standards
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MKK power capacitors

p it
Selection table

15 3x83 A 19.7 1.4 122x200 MKK 15/440 D

20 3x1MA 26.2 17 122x240 MKK 20/440 D
28 3x154A 36.4 25 142x240 MKK 28/440 D

30 3x1654A 39.4 26 142x240 MKK 30/440 D

15 " 3x69 A 18 14 122x240 | MKK 15/480 D

20 3x92 A 24 1.8 122x240 MKK 20/480 D
25 3x115A 30 22 142x240 MKK 25/480 D
30 3x138A 36.1 25 142x240 MKK 30/480 D

33 3x152A 39.7 25 142x240 MKK 33/480 D

d voltage 52 ‘ .
8.33 332 A 9.2 11 122x200 | MKK 833/525 D 2 [alals
S & -
10 3x39 A 1 12 122x200 | MKK 10/525D
15 3x58 A 165 15 122x200 | MKK 15/525D
16.7 3x64 A 185 16 122x200 | MKK 16.7/525 D Fre
20 377 A 22 18 122x240 | MKK20/525D -
21 3x81 A 23 1.8 122x240 | MKK21/525 D i
25 3x96 A 27.5 23 142x240 | MKK 25/525 D

s | sdes [ s | s | 122aw | ks

12.5 X28A 105 14 | 122x200 | MKK 12.5/690 D
25 3x56 A 209 22 142x240 | MKK 25/690 D

15 . 3x25 A 1 1.5 122x200 MKK 15/800 D

193 3x32 A 139 23 142x240 MKK 19.3/800 D
25 3x41.5 A 18 23 142x240 MKK 25/800 D
28 3x46 A 20 24 142x240 MKK 28/800 D
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MKK power capacitors

Dimensioning of fuse and cable BET SRR MR TR

Recommendation according to VDE 0100, Part 430 and Part 530 $5VDE 0100, 430540 FIS30WSRRMME . W=4HE

for fusing and cross sections of cables for three-phase power e R BRI SR AN R AR A TR

capacitors:

WEGR | BEBER | SARE | NEOR | ARSER | SONE | SEOR | AHBER | SHRE
Rated current | Fuse/phase | Cross section | Rated current | Fuse/phase | Cross section | Rated current | Fuse/phase | Cross section
Qy (kvar) Iy (A) (A) (mm2 Cu) Iy (A) (A) (mm2 Cu) Iy (A) (A) (mm2 Cu)

5.00 7.4 16 1.5 55 10 1.5 4.2 10 15
6.25 9.0 20 25 6.9 16 15 5.2 10 1.5
7.50 10.8 20 2.5 8.3 16 1.5 6.3 10 T
8.33 12.0 20 25 9.1 20 2.5 7.0 16 1.5
10.00 14.4 25 25 1.0 20 25 8.4 16 25
12.50 18.1 25 25 13.8 20 25 10.5 20 25
15.00 21.6 36 4.0 16.5 25 25 125 20 25
16.70 240 36 6.0 18.4 25 2.5 14.0 25 25
20.00 29.0 50 6.0 22.0 36 4.0 17.0 25 25
25.00 36.0 63 10.0 27.5 50 6.0 210 36 4.0
30.00 43.0 80 16.0 33.0 50 6.0 250 50 6.0
33.00 48.0 80 16.0 36.3 63 10.0 28.0 50 6.0
37.50 54.0 100 25.0 41.3 63 10.0 314 50 6.0
40.00 58.0 100 25.0 440 80 16.0 33.0 63 6.0
50.00 720 125 35.0 55.0 100 250 420 80 10.0
60.00 87.0 160 50.0 66.0 100 25.0 50.0 80 16.0
67.00 96.0 160 50.0 74.0 125 35.0 56.0 100 25.0
75.00 108.0 160 50.0 82.0 125 35.0 63.0 100 25.0
80.00 115.0 200 70.0 88.0 160 50.0 67.0 100 25.0
100.00 144.0 250 70.0 110.0 160 50.0 84.0 160 35.0

This table is valid for low voltage power capacitors with and without
filter reactor, for four-wire PVC-cables (NYY)Uo/U = 0,6/1 kV for
three-phase operation, laid in air, for continuos operation at an
ambiant temperature of +30 °C.
If a filter reactor has to be connected with more than one power
capacitor, the filter reactor MUST be connected with each power
capacitor by individual cable in order to have safe and reliable oper-

ation.

RPBEATHRELNERHE, FARFRRBHRE, T
PVCEB4E (NYY), UO/U=0.6/1kV, =#iEfT. RETESH. #
IREEIE B +30 “CRY ELRIETT.

MR—EENBMERT | BRE, BRFRLHLAN 5]
HEHEF LEHR, DRRBBRETRE,
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Filter reactors

Application

Harmonics generated by non-linear loads such as variable speed
drives or other static power conversion equipment have grown rapid-
ly in recent years. Harmonic currents and the voltage distortion, cre-
ated by these currents have devastating effects on power supply and
distribution systems and its connected loads.

This can result in failure of power factor correction capacitors due to
overloading, system resonance, overheating of cables and transform-
ers as well as misoperation of PLC's, computer and other sensitive
appliances.

A present method to treat harmonic problems is the use of filter re-
actors combined with power capacitors in detuned and tuned filters.
As well as the improvement of the power factor and the power qual-
ity, harmonics are also absorbed from the networks. Furthermore, a
critical amplification of the current harmonics caused by a parallel
resonance between the power capacitors and the inductances of the
power supply system can be avoided.

Design

MR filter reactors are designed as three-phase reactors with an iron
core and air gap.

For small filter reactors the winding material is Cu-wire, whereas
for bigger filter reactors, an aluminium band is used as winding
material.

The filter reactors are completely impregnated under vacuum and
over pressure in an impregnating resin of class H and then hardened
in a furnace.

Dimensioning

The dimensioning of the filter reactors is based on the recommenda-
tion for allowable limits of voltage harmonics in public and industri-
al networks according to |EC 1000-2-4.

In the case of higher harmonic loads in networks, special designed
filter reactors have to be used. The actual loads can be detected by
means of a harmonic analysis, The measured values form the basis
for the dimensioning of the filter reactors.

Losses

The 50 Hz losses are comparatively low but when the filter reactors
are installed into the cabinets, they are charged with additional cur-
rents, predominately those of the 5th, 7th and 11th harmonics. Then
the total heat losses dissipated can be of a level whereby they have
to be extracted from the cabinets, e.g. by means of fans.

Noise level

Filter reactors are nearly silent when operated at 50 Hz or 60 Hz
loads. At rated operation with harmonic currents according to the
table, the noise level can reach < 60 dB measured at a distance of
1m.

The filter reactors should be installed in an upright position and the
assembly arranged in such a way that no vibration will be trans-
ferred to other parts of the equipment.

Terminals

The terminals for filter reactors are either designed as cable termi-
nals (d = 8,5 mm) or copper bus bar terminals, 20 x 3 mm
(d = 9 mm) according to DIN 46206.

K

R, FLMARNBTER G ERAMME R B ER
BREESEREBOLEEN, R ERIR AT
ggﬁﬁ@ﬁﬁﬂ%ﬁ%%hﬁﬁ%&%%%.u&ﬁﬁ%%

BMTFER, RGEER BANIEROLRUREFZE
BHRSG. HHNNAERRENRANE, TESBIRE
HMERGHERR.

M. MREREBNITARFREES ZBERLEE
H. AREABRBNRNENERE. XMTE RESD
REHAEERE, FRETEMPER. R, ETR#
%g%h%gﬁﬁﬁﬁﬁﬁﬁﬁzﬂﬂ#ﬁﬂﬁﬁPﬁﬂkﬁ

&it
" BEENFOTH=RERBER, RERONESE

CNUREBREIE, SAMNERS, AEABR
BHRNRAEHEASEME,

BEBENREERSHEN THRRBFHERFRE, R
BETRIFREIL.

SHHHE

K B AR A S ER MIBIEC 1000-2—- 4R T A A F
B P 0 T e o AR PR VR B AR I PRI SR B E B9,

MNFRAEEZERARNEN, WHEBRHRLITHRKE
BHAE. SKIRAMBERT U AEEMTCRIEN., KUER
WK B ARS8 R A E A

Eot 3

IR BB SOHARFEARNRIR, ERMRREALSD
R, TRARBRARMRATE, HPETERSKR, 72%HFN1
KiK. Bt BHABRRFETELZREKE, XHTEAR
BREAEART AR

BRI

RN ARAESOHZHBOHz AR THETRRREN, &R
AR EHFEEREMETT, 1mEEANBRNREKFTRE
1A %<60dB,

WHBMBNIZEERER. RARMREARX, RIF=
GBI BN H IS,

5T

BB FR AR B 35 T IRDIN 4620647 18 T X 4 B SR 4 v
FAI(d=8. 5Smm)=k & 20x3mm(d=9mm) &y FHEE L T B

10
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Filter reactors

Technical specification BEARSHE

Rated voltage R E

See selection list RiERz

Rated output bt

See selection list ER R

Max. allowable operating current BAAHFIIERR

See selection list RERIFR

Max. allowable harmonic voltage B AR B E

See selection list RiERz

Linear range SMERE

L(1.85 I) 20.95L,, L(1.85 Iy) 20.95Ly

Adjustment accuracy HERE

-2% ... +3% from Ly Ly £9-2% ... +3%

Insulation level 45K

UN < 1100 V; 3/- kV (Line-to-line voltage) UN < 1100 V; 3/- KV(Ze 3L IE)

Loss FE

See selection table RERIR

Temperature limits BERE

+35°C annual average +35°CHEFIHE

Insulation class T40/H - Filter reactors with Al-winding LR FRTA0 / H- B SRR I8 B a8
Insulation class T40/F - Filter reactors with Cu-winding IR EEARTA0 / F-$ALE SR 4H SRk BB F AR
Cooling method ARHAR

Natural cooling (AN) H A% HI(AN)

Installation REAR

Indoor PA

Protection degree B ER

IP 00 IPOO

Operating altitude BT E

1000 m above sea level at rated operation MEETHRMET, ZE1000K,

Design specification e g

According to IEC 1000-2-4 the following recommended values for HXIBIEC 1000-2-485fF, IHEEHLB RE DA AR B EE
voltage harmonics in % related to the agreed operating voltage are N ETEEMNECOEN THE.

valid in low voltage power supply systems. If not stated otherwise
the design will be suitable for class 2 industrial mains.

6

5. 250 300 3

7 350 420 3 5
1. 550 660 3 35
13. 650 780 3 3
17. 850 1020 2 2
19. 950 1140 15 1.5
23. 1150 1380 15 15
>25. 1250 1500 0.2 02

1
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Filter reactors

Selection table b riFiE, ]
Filter reactors for mains 400 V, 50 Hz ZGHE 400V, 50 Hz

12
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Filter reactors

Selection table HEEIER
Filter reactors for mains 690 V, 50 Hz RYGHEE 690V, 50 Hz

109 1.8
22 90 180 21.8 13.4 37
28 120 240 34.4 18.3 6.0
34 140 280 459 24.5 8.0
1 80 100 1.0 37 133
20 120 160 22.1 75 2.7
27 160 230 36.2 12.2 4.4
34 170 250 48.4 16.4 5.9
14 130 140 1.5 1.2 0.6
29 200 210 239 24 1.2
38 210 220 345 35 1.8
44 300 320 46.0 39 23

Note: .

When placing an order, the inductance, the rated voltage, as well as ITH R AR (e R, BT [ U T 55 2 b 7 (IR,
the respective harmonic current values and frequencies have to be FE e, JER A AR 0T U fiE B & B 38 (PTCES BA) 28 #
specified. /X,

On request the filter circuit reactors can be delivered or retrofit op- Hb EER ARG B, o BERHE,

tionally either with a temperature sensor (PTC resistor) or a thermal
switch.

Filter reactors for other mains voltages and mains frequencies are
available upon request!

13
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Filter reactors

5MER~TE

Dimension

RS R B B AR

Filter reactor with aluminum windings (Al)

L LA R RE BN

Filter reactor with copper windings (Cu)

¢ o o < ﬂ %
5 I'\._-( T = T 0
& & &
. g2 —tg1
-
D
A
Type/®EB|( A |B|[C|D|D|E|E|01|02
DDONM... | 230|205 |135| 176|150 95 | 114 | 7 | 11
DD1ONM... | 260 | 235 | 125 | 200 | 150 | 76 | 106 | 10 | 11
DDTINM... | 260 | 235 | 150 | 200 | 150 | 102 | 132 | 10 | 11
DD12NM.. | 300 | 235 | 165 | 224 | 150 | 119 | 147 | 10 | 11
DD13NM.. | 300 | 265 | 165 | 224 | 150 | 119 | 147 | 10 | 11
DD14NM... | 300 | 235 | 180 | 224 | 150 | 134 | 162 | 10 | 1
DDT5NM... | 300 | 265 | 180 | 224 | 150 | 134 | 162 | 10 | 11
DD16NM... | 300 | 265 | 295 | 224 | 150 | 147 | 175] 10 | 11
RT#4L. mm
All dimensions in mm!
olgl ol 9l g s
-1
i | g2— —1
[ D | E
) E
A C
Type/®S| A | B |C|D|D|E|E|01|02
DD6NM... | 180|160 | 105|136 |100| 57 | 76 | 7 | 9
DD7NM.. | 180|160 | 125|136 |100| 77 | 96 | 7 | 9
DD8NM... | 230|205 | 115|176 |150| 68 | 90 | 7 | 11
DDONM.. | 230 | 205|140 176|150 95 | 114 | 7 | 11
DD11INM... | 260 | 235 | 150 | 200 | 150 | 102 | 132 | 10 | 11
RTE4L. mm

All dimensions in mm!

14
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Thyristor power modules

Introduction

The thyristor power module Thyro-C from MR Power Quality
Management is a ready-to installation solution for dynamic power
factor correction equipment.

The following advantages are result of using the Thyro-C instead of
classic switches, such as air contactors. For example:

* very high lifetime due to unlimited switching frequency

* smooth switching of the capacitors

® short switching delay

 sujtability for realisation of real time power factor compensation
eguipment

AC or DC control

complete and compact assembly, each consisting of two modules
with heat sink, power block and control electronics

® no auxiliary supply voltage needed

* no services necessary due to wearlessness

L ]

L ]

noiselessness
simple mounting

Range of operation

The thyristor power module Thyro-C can be used in combination
with the following:

* Programmable logic controls (PLC)

* Power-factor controllers

® Computer systems

Especially for:

* fast and
* wearless switching

Typical applications are:

* Cranes
* Elevators
* Welding machines

AEFEZBET, EAMThyro-C
Range of types Thyro-C

i

MR Thyro-Ch 5 & i 6 2 A T Bh 7S Th 3 B JR IE A B
KAVARBARIIR,

SEGMEMBUIHRALLER, XKMAThyro-C
RAMTIRS:
* HTFAXMERTMMN, EAFHK
* SSHLERRNTRDHR
* RIGRIVIRAS B R
* SCILTHER B #ay KR Az
* TURXRRERIBH
* TEMRRNGHM, FaThyo-CHEMERAR, SHBH
R, hRTAMRH B
* AREMBBIR
* HTEER, FHBRER
* BfTERE
* REME

BTEE
Thyro-CHREHETSUTREBASRER

* PLIC-TT R FZEISH 88

* REKEHR

* HHENRSG

®"IERT
o PR
* BEERNBGHE

RENNA
s EERE
* B

* BIEH

ﬁ'& : Thyro-C 2C 400-45 Q | Thyro-C 2C 400-100 Q | Thyro-C 3C 400-100 Q | Thyro-C 2C 500-75 Q
Order Code
F A ‘. .. '. . |
Rated Voltage (URMS) 400V, 525V 400V 400V 525V
BEAR RE] 19 FE20 19
‘Connection A [ X Fig. 19 (A) Fig. 19 (A) Fig. 20 () Fig. 19 (A)
ReGMEEE _ 220 - 400 V
Mains - Rated Voltage (URMS) 0. ESE T 220 - 400 V 400 - 690 V 300- 525V
45A 100 A 100 A 75A

ting also available for 525 V.

15

Note:Thyro-C 2C 400 - 45Q on request with internal change of set-

BEFE

#E: Thyro-C 2C 400-45Q 0] 1R 15 7 ZHE 2L A AB1% & I 2E F 525V
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Thyristor power modules

Mode of operation

The Thyro-C is suitable for switching power capacitors with or with-
out filter reactors.

The simultaneous operation of Thyro-C modules and ca-
pacitor contactors in one low voltage distribution is only
allowed in power-factor correction equipment with filter
reactors, This is necessary because of the high inrush
overcurrents of capacitors switched by contactors.

Working principle

The device consists of two thyristor modules, switching phase L1 and
L3. Phase L2 is not switched. Alternatively, the thyristor modules can
be used for single phase applications.

ELE

Connection diagram

L= = o]
{E==m i Bt 5

Fig. 19 /E19 Thyro-C 2C (4)

After feeding the control input of the Thyro-C with the signal “ON",
the integrated electronics fire the thyristors separately for each
phase in the next following negative zero current crossing. The
switch-off also occurs in the current zero crossing. Transient effects
and reflections to the mains are suppressed due to this principle.
During the switch-off periods, the capacitors remain loaded with the
mains peak voltage and can therefore be switched on again at any
time.

BT
Thyro-CATINRERE, THRFHIEEBHAE.

HTEMBAEDREFHNIBPITERSHOBR. 4
Thyro-CAR SR F1 58 FR 1A A8 7 — MIC R AC B R Gt o [51  2 F
B, REHREREDAESR BKLBHE.

THRE
FEHBINESEEER, VKLIFLLE, TR,
HE, IREHEETHTRARE.

L1

L2

L3

N
[ ] [
AT AT AT
| L1~ 14 i i
REH ZaH
el L el

Fig. 20 [ B 20 Thyro-C 3C (1)

BN A Thyro-CHIBFIMANMM FES, HABRAL
BHERIFIMESENRAE. HFERRIK AT
SE, SEELEERITRXE. XHEMNTERED T
ERERZ ENESRN. EXHHE, SRRNEERNE
AEBENEE, BT NEEFMRRERBENET.

HEREE
Capacitor voltage

B E AR

5 Capacitor current

- #HES

t Control signal

0,5 ms 1 6
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Thyristor power modules

Control signal

The Thyro-C has galvanicly separated control inputs (terminal X1).
The LED installed in front side of the housing displays the control
signal "ON"

BHES

Thyro-CR A I IR FIRACGKFX1), SMNTIEEAILEDAT B
REHEESH .

Control signal (terminal X1) [ £#1{5 S (%FX1)
DC (X1:1-3) AC(X1:1-2)
0..3VvDC 0..10VAC
10 ..30VDC [ Is = 15 mA 50 ... 230 VAC [ Ri = 20 kO
16 [ sec 10 [ sec
1ms..15ms 10 ms ... 25 ms
Discharge of capacitors R RR A

According to EN 60831, power capacitors have to be firmly connect-
ed with discharge devices. Because the capacitors are constantly
recharged to mains peak voltage during switch-off periods (while the
compensation stage is connected to mains), only resistors are al-
lowed as discharge devices for the capacitors.

Important: Even when the thyristor switches are turned off, the
capacitors are under tension. The capacitors are not discharged, until
they are completely disconnected from mains, e.g. through opening
of breaker.

Putting into operation

® Check the design of the equipment.

® Remove low-voltage fuses from the stages, the whole compensa-
tion unit and the control fuses (external).

® Set up the Thyro-C in an upright position. Please ensure a suffi-
cient cooling for the device (pg. 20).

* Remove the plastic housings by pushing the clamp in the front
side of the housing.

* Make the electric connections acc. to connection diagram (pg. 23).

* Fit plastic housing again to Thyro-C.

@ |nsert NH fuses into the stages first, then the fuses for the whole
unit. Attention: Capacitors are loaded immediately!

* |nsert the control fuses.

& After switching on to mains the Thyro-C is immediately ready for
operation. Please observe that the Thyro-C is in the "OFF" position,
when connecting to mains.

17

iRIEENG0831, BB AMUIMEMBEBTRERE,
HEARBAXMAR N ERTEERGEENEEFMER D
Se PIAHERE), RAYFEREEN RS TRE.

AR EEYSAERVEERCAN, EXFRNLT
RERTS, EFEERELMNRGREA, PIMEFFX, K
B A RESEAL.

BNETT
* REREHNRT
o BUTHM [0l BE A2 ) B BR A9 MR Hfr 2%

* Thyro-C RRREEEHRIE, FRIEREEBROBIAEMH
s RETFMEHESHFR, WNTES

* RIBRGERES

* JEERE X R K Thyro-C

o BIBMTRACRBARIE S, ERULE B RBEIBIHE
* NI CERIA TR

o FEIFEBE, Thyro-Col 3z B3 ANIETT,
Thyro-C4hF BTk ZS

ABEBEA,
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Thyristor power modules

Technical specification

Voltage range Ugys
400V: 320..460V
525V: 450..550V

Rated frequency
50 [ 60 Hz + 3 Hz

Losses

app. 19W /A

Power consumption of the electronics
app. 2x6VA

Test voltage
EN 50178 (4/98)

Operation altitude
< 1000 m above sea level

Operating temperature
-10°C..+45°C

in case of reduced current up to + 55° C
Reduction of rated current: 2% /° C

Storage temperature

-40°C..+85°C

Humidity

EN 50178, Tab. 7, Type B

Operating conditions

Device is designed under consideration of:

EN 50178 (4/98); VDE 0106 Part 100 (3/83)
Pollution category 2 acc. VDE 0110 Part 1 (1/89)
Overvoltage category U Il acc. EN 50178 (4/98)
Terminal block X1:

designed for safe disconnection up to V [ 690 V (size 3)
Connection voltage of device: VDE 0160 5.6 (5/88)
Design

Acc. VDE 0558 Part 1

Mounting

Orthogonal

Underclearance: =100 mm

Upperclearance: =150 mm

Connection

With ring terminal M6 from top, see figure 22
Torgue of connecting screws

3 Nm acc. VDE 0609 Part 1 (6/83)

Fuses

Special low voltage fuses for protection of semiconductors and lines
required,

e.g.: SiBA, series URL, see selection table

Recommended: Low voltage fuse breaker for fuses up to

3 x 160 A, Gr00.

BARSH

2 B EUas
400 V: 320.. 460V
525V: 450.. 550V

TEME

50 /60 Hz + 3 Hz

W

ZJ19W /A

R B BRTHFE

292 x 6 VA

WL B E

RIBEN50178

BITER

= EZE 1000k

ITHERE

-10°C ~+45C
MRETTRIMMER, B1&£55C
B E B R {RAT LBl h2%/C
EFRE

-40°C —+85C

mE

EN 50178, Tab. 7, Type B

T ek
REMNRTEREUTEE.
EN50178, VDEO106% 100&B4)
BHRER2, RIEVDEONOE 1S
TR EK AN, HEEN50178

I FIRX1 .

R T FF 88 R Z690V(R < H443)
R EEEBFESRMRIEVDE160 5.6
it

R IEVDEOSS8 2 154>

R

EHAR.

TR e BE & =100mm,
FERMeeE fE @ =>150mm

B%

K A LB AIMEIR L i F
ERBUNNE

3Nm, #R4EVDE0609EE 184>

bed
NRAXSERIFOEEST ABNR, MSBAKURLRZ], B

TR
R AEWTRIT X, BIREXI60A, Groo,

18
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Thyristor power modules

priite

Selection table

E22 Thyro-Cig B
Fig. 22 Terminals ot Thyro-C

| me® | EE | RY | poem a5
non-tuned /
12.5 3 x50 A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-45Q
25 3 x50 A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-45Q
50 3 x 100 A URL 3.7 170 x 172 x 173 2 Thyro-C 2C 400-100Q
reactor protected, detuned to | FFERHIFR{RIP, BiFEER 210 Hz (p= 5,67%)
12.5 A 18 25 3 x50 A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-45Q
25 A 36 45 3 x50 A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-45Q
50 A 72 100 3 x 100 A URL 3.7 170 x 172 x 173 2 Thyro-C 2C 400-100Q
reactor protected, detuned to [ FFEITERMRIN . BiEIEHIK 133..189Hz (p= 7%..14%)
125 A 18 25 3x50A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-45Q
25 A 36 45 3 x50 A URL 2:1 140 x 140 x 173 1 Thyro-C 2C 400-45Q
50 A 72 100 3 x 100 A URL 3.7 170 x 172 x 173 2 Thyro-C 2C 400-100Q
60 A 87 100 3 x 100 A URL 37 170 x 172 x 173 2 Thyro-C 2C 400-100Q
Rated voltage [ EiEHE & 525V
non-tuned | ANFH B 338
12.5 A 14 21 3 x50 A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-45Q0*
25 A 27 35 3 x50 A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-450*
50 A 55 75 3 x 80 A URL 3.6 170 x 172 x 173 2 Thyro-C 2C 500-75Q
reactor protected, detuned to | HFEBHE{RIP, BIFIEIIER 210 Hz (p= 5,67%
13 14 19 3 x 50 A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-45Q*
26 A 29 375 3 x50 A URL 21 140 x 140 x 173 1 Thyro-C 2C 400-45Q"
52 A 57 75 3 x 100 A URL 3.6 170 x 172 x 173 2 Thyro-C 2C 500-75Q
reactor protected, detuned to [ FFEBHIAR{RIP, BIBIEHK 133..189Hz (p= 7%..14%)
13.5 A 15 17 3 x50 A URL 21 140 x 140 x 173 1 Thyro-C 2C 400-450*
27 A 30 34 3 x50 A URL 2.1 140 x 140 x 173 1 Thyro-C 2C 400-450*
54 __;’ﬁ 59 68 3 x 100 A URL 36 170 x 172 x 173 2 T'hyra-c 2C 500-75Q
non-tuned | AN#H B Hi 5%
50 A N 42 55 3 x 100 A URL 56 255 x 172 x 173 3 Thyro-C 3C 400-100Q
87.5 de 73 95 3 x 100 A URL 56 255 x 172 x 173 3 Thyro-C 3C 400-100Q
reactor protected, detuned to [ THE3iAR{RTF . BiE{EMME 210 Hz (p= 5,67%)
4 A 37 50 3 x 100 A URL 5.6 255 x 172 x 173 2 Thyro-C 3C 400-100Q
88 S 74 100 3 x 100 A URL 5.6 255 x 172 % 173 3 Thyro-C 3C 400-100Q
reactor protected, detuned to [ HFE AR, LB 133..189Hz (p= 7%..14%)
50 i 42 50 3 x 100 A URL 5.6 255 x 172 x 173 3 Thyro-C 3C 400-100Q
100 A 84 100 3 x 100 A URL 5.6 255 x 172 x 173 3 Thyro-C 3C 400-100Q

Note:Thyro-C 2C 400 - 45Q on request with internal change of set-
ting also available for 525 V.

19
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Thyristor power modules

IMER~THE
Dimension
RT&ER |
— I ==
a El
O O
O |
O O i
11} |10} g R
O O 8
O O
O O
O |
O O
==l =100l
85 | w
100.0 &
1400 140.0
R~T&42
Size 2 -+ :
O |
O Od
O O
Ed O .
| jm gl R
O O .
O O
O O
(] (|
O O
T R =4 51
65 L "
125.0 =
170.0 1720
RTE43
Size 3 -+ |
O
O
O
D o
L [m 0 a| &
O O O -
O O O
O O O
O O O
i O O
= —— ] ] T __[r '[
&J“. .
2250 X
256.0 172.0
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Thyristor power modules

4

Connection diagrams

BEE-EREF

Connection diagram — DC control
Thyro-C 2C

AES 2
Lz =
Breaker acc. % =
—

EN 50178 (4/98)

1 1 EE DR (97Emm)

[z Filter reactor (optional)
B A A T AR P
HinEH Capacitors with
DC-Control e discharge resistors
-X1/1-3 (1: u-/3: u+)
0-3VOFF [ % ) [ ' e
10-30 VON | 7 . hE (MEERAEE REREERSD
Load (A-connection or A-connection with isolated star point)
Thyro-C 3C
7% a 1 =
Breaker acc. 3 =
EN 50178 (4/98) N —
l
! AR
Capacitors with
B :ﬁ] :% -i‘] discharge resistors
DC-Control 3 L}
-X1/1-3 (1: u-[3: u+) e e —_— | | BB EAE (ST
0-3VOFF | % - e+ T Filter reactor (optional)
10-30 VON /| 7F .
mE (A—ERE, RFUEEMNERR)
Load [L-connection with connected star point)
BEE-ZREH
Connection diagram - AC control
Thyro-C 2C

ﬁ.* L1 —
L2 = .
Breaker acc. s |

EN 50178 (4/98) ‘
II ll l ﬁ&%ﬁ%& li.l'iﬁilﬁ}

n 1Alx -_‘ "‘}"‘:"ﬂ ‘ Filter reactor (optional)
|
‘ H AR B

s (FugE) ] |l Capacitors with

AC-Control (Presetting) _} |[ e discharge resistors

-X1/1-2 i

0-10 V OFF | % ' ve

50-230 V ON | : | R (AEERAEE, AERREZA)

Load [A-connection or A-connection with isolated star point)

E. SBETEE2Atr B F AR,
Note: Fuse 2 A/tr is assigned for line protection

21
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Power factor controller Pro-Con/DynamiC

Characteristics:

® 4-quadrant measurement and constant supervision of inductive /
capacitive load

* Measurement of reactive power by DFT, applicable in networks
with high harmonic distortion

® Measurement, display and supervision of line voltage and current,
active and reactive power, harmonics of U and |, line frequency,
inside temperature

¢ Storage of maximum values

e Adjustment of target cose in range 0.80 (lag) - 1 - 0.80 (lead)

e External tariff change via port

® Discharge time and switch-off delay programmable

® Manual switching selectable

® Up to three fixed steps programmable

® No-volt release after network interruption longer than 15 ms.
Optical indication of steps

e Alarm when target cos ¢ is not achieved

Supply and measuring voltage

230V or 400V, 45 ... 65 Hz

Measuring current

0 ... 5 A, operating threshold 10 mA, power consumption 0.2 VA
ct-ratio 1 ... 4000, overload 180 A for 2 sec

Steps

6 or 12 NO-contacts, common root, switching current:
250 V AC, 1000 W (Pro-Con) / 30 V DC, 50 mA (DynamiC)
Alarm-contact

1 NO-contact, volt-free, normal active

switching current contact 250 V AC, 1000 W

Interface

RS485 optional, backside, Profibus and Modbus protocol
Ambient temperature

Operating 10° C ... + 55° C, storing -20° C ... +60° C
Ambient humidity

0 % ... 95 %, moisture condensation not allowed

Over voltage class

I11, pollution degree 2 (DIN VDE 0110, part1/IEC 60664-1)
Terminals: Cage clamps, max. 2.5 gmm

Dimensions [ weight: 144 x 144 x 58 mm H x B x T, approx.
1000 g

Cutout:136 x 136mm

@

Pro-Con

L et

.
* HTMARBNE, FEEERRME/IBMRE.

* BNDFINEENNER, HAEERIRBAMNEN

* N, BrREBMEWBEMBR, FIFENHE, EEK
EEMER, KEMR, WBREREF

s RAEMER

e 7ESEEI0.B0(/E) - 1- 0.80 (#BAI) A, HEBIRIERE
#cosp

o FEIER OMIMIMARETLE

o O] X R B jE) FO DI BR BT SR 72

o X FEILTIHITIEE

o BETRN=ABEEATLERE

o B3 [ rhMTtE BT 15 msiE . KERIN

o FHRIETR

* KiXF BARThR E#cosolif, KRR

BRENEEE

230V = 400V, 45 .. 65 Hz

MEER

0..5A, EfTMRPREF 10 mA, THEE 0.2 VA ct-EE 1 ... 4000,
i1 180A, 2%

BHHE

63 12 i, AFHER

B fl S FFS£EE 37 250 VAC, 1000 W

Ei% LT

1 Efd=, BE, E¥EFW

FFR B At =250 VAC, 1000 W

O

RS485 B[, j5fl, ProfibusFIModbusiiifl il
HERE

EFT10°C... + 55° C, fi7F -20° C... +60° C
HRE

0% ... 95 %, THIREE

HEFER

I, 54225 2 (DIN VDE 0110, #51384}IEC 60664-1)
WF:BFME, |K25qmm

R~ / EE&. 144x144x58mm HxBxT, X%1000q

FF#L . 136 x 136mm

© B

DynamiC

22
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Power factor controller Pro-Con/DynamiC

HE&E
Connection diagrams
R BB H R ELE
Wiring of power factor controller
L) i
L1 K—:- 230/400V 50Hz
T
[ [540a Mos-ocer | m[ 00 =000
\F13
2.10A [LTAT8]
|
s1 \ouvz _L._l— P -;[-’ 3
CeJ L] je2) s [13 i) (1 ez | |7,:l;,:|_{,:|212‘¢’23 !
. : T :
L2 | wageded  wr-fed-o
"y (TTIT] (11111
? ,hs? ﬁg ’!:Tls'z\l [172]3]4]s]e] [7]8[9]10[11[12]
CEIR WA
/) ) i %Da,.w..cl
TR T = —
PEN Abfllcospriot® ez
HAENRRHEHRSHEEAENEEE

Wiring of DynamiC and Thyro-C module

15-30VDC~ _®_ *

|
|
|
|
|
| | 7
|
|
|
|

E: G 13-14 f1 15-16 — R BEL,

Note: No wiring connection is needed for terminal 13-14 and 15-16.
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Conventional power compensation equipment

Theoretical fundamentals

It is found that power factor compensation capacitors and the
inductances of transformers and the power supply network form a
parallel resonant circuit whose impedance at the resonant frequency
of the oscillating circuit can be extremly high (theoretically infinite).
If the resonant frequency approximates any harmonic frequency
generated by the rectifier, then the harmonic current concerned will
be forced over this high oscillatory impedance and the resultant
voltage drop will lead to very high harmonic current that could
damage the plant (Fig. 8).

In order to prevent resonances, a reactor will be connected in series
with the compensation capacitor (Fig. 9). The resultant series reso-
nant circuit is tuned to a resonant frequency that is beneath the
lowest harmonic frequency. The power of the reactor concerned is
specified as a percentage of the capacitor impedance referred to the
fundamental current. Such reactor protected capacitors are also
referred to as detuned filter circuits. How great the “absorption
effect” (degree of filter) is, depends on the short-circuit impedance
of the power supply network and the residual resistance of the
detuned filter which is determined by the filter quality. The harmonic
current generated by the current converter has to be suitably dimen-
sioned.

Guide values

5th harmonic |z=0.23 x |,
7th harmonic  1;=0.12 x |,
11th harmonic |;;= 0.085 x |,

These values are valid for ideal smoothing. If no smoothing or only

slight smoothing is provided, then higher amplitudes must be antici-

pated, particulary in the case of the 5th harmonic (30 ... 35 % of the

fundamental current). The advantages of detuned filter circuits are

obvious:

* Compensation of the reactive power fundamental to a specified
CosQ

® Avoidance of resonance in the power supply network

hi &

IHarmonic

EHiRWEE
DC-drive

1
w(C

B 8: FECEIRA 69 IR A ER

Fig. 8: Current amplification in case of parallel resonance

B A

MRFA, HEREFAMZERR R T ERN DM H R
WAL T —MHECEIRER, EERIART, ZB R ERAER
THRESEFKR (EREXERK) . MLERAREILERE™
A A ETIEIRARER . WIAE R AR B IR RS N E] bt & I iR FA IR
L. FFENEERESBEEERNERBR, XERAE
g% (E8),

ABRER, THE—ARRRSMEERRARERE (B
9) . FRAARLEY SR BGE R BR T IS B R AR B AR T, &
PR RTRFEEEDREXABERERN—PEI L
B, IHMNEHFBRPLE[ELHRATE (TH) BRESD
B, BRBCREIA/N (BEIBFFR) BURT 8 M A9 5 R
ZEBBEBROFKMAR (HRERRERE) . BATHS
(TARE) FENERBRESWELRE,

SRR

5K ls=0.23 x I
1% =012 x I,
TR ly= 0.085 x |

REFERRIBBENTRERITHESEN. WEEAR
FRIFBFR, NEEEBESGEE, FHIRNTERERLN
& (30.. 35%MEKRIR) . TEREBERARI R
2.

* R EN IR E Hcosp, MELINHE,

o 38 % B IR
m -
Network
&
Medium voltage
8 g
Low voltage
HA¥E) i !
DC-drive B G N

B 9: A aRRIM A B ARSI AM

Fig. 9: Compensation with reactor-protected capacitors
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Dynamic power compensation equipment

General

Many industrial plants today use highly dynamic drive technology. In
addition to the undisputed advantages of this modern technology,
however, there is the disadvantage that the power networks are
stressed by frequent changes in load as well as harmonics. This caus-
es unstable voltage conditions, flickering, excessive currents and
greater losses in power distribution. This in turn not only decreases
the amount of useable network power but also affects the functions
of sensitive electronic controllers,

Conventional reactive power compensation systems are designed for
the pure optimization of the power factor and also to reduce the
harmonics level but are not able to keep up with fast load changes
and do not provide a satisfactory solution to the problem described
above. The application area of these systems is the compensation of
static, or slowly changing loads with switching cycles in the minutes
range.

DynamiC
e At each moment optimized cosg

e Soft switching without transients
e Flicker eliminated

Application

The real-time power factor compensation equipment in the DynamiC
series offers a solution. In these assemblies the classic components
controller and air contactor are substituted by a combination of
corresponding high speed controller and thyristor power modules
Thyro-C. This system reacts immediately to load fluctuation and
reactive power surges will be neutralised in the supply network. The
power factor is optimised at each moment, the negative effects
described above are reduced to a minimum. This gives the consumer
not only the advantage of a stable supply ratio, but the ability to
minimise energy distribution and reduce costs. To increase the
switching performance to an optimum, the control signal for the
control of the capacitor banks can alternatively be given directly by
the logic control of bigger loads.

HREEE
™ Network voltage

- BB

Capacitor current

MK

~ Capacitor voltage

(I HF, N

L
>

A 8. BEMBRMHL

Fig. 8: Voltage and current curves
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Tuned filter circuits equipment

General

Filter circuit systems are used in very harmonics-stressed networks.
They compensate existing inductive reactive power and, at the same
time, improve the quality of the system voltage. Adherence to the
limit values for the harmonic load in accordance with EN 61000-2-2
can only be accomplished in many industrial power networks by
using these especially tuned filter circuits (also called passive filter
circuits). Figures 14 and 15 illustrate how the filter circuits work.

Application

Filter systems are (similar to reactor-protected compensation sys-
tems) made up of modules. The number and capacity of the individ-
ual modules depends on both the amount of compensation capacity
needed and, much more importantly, on the amount of discrete har-
monic currents.

Regarding the compensation capacity, the selection of the tuning
frequencies only plays a minor role but not with regard to the effect
of the filter circuit system for improvement of the quality of the
network voltage. This is the special significance of the systems with
tuned filter circuits in comparison to the systems with reactor-pro-
tected capacitors. To obtain optimum efficiency at the same time as
inexpensive design, the filter circuits must be precisely tuned to the
existing network conditions. They are made up of modules whose
resonance frequencies correspond to the frequencies of the power
converter perturbations. With the 6 and 12-pulse power converters
which usually exist in the low voltage network, these are modules
for the 5th, 7th, 11th and 13th harmonics.

Calculation of the harmonic currents to be expected must always be
performed for the greatest load (worst case). The following values
derived from experience can be used to estimate the harmonic cur-
rents.

5th harmonies  Ig=0.30 ... 0.35 |,
7th harmonics  |,=0.10... 0.12 |,
11th harmonics |4,=0.08 ... 0.10 |,
13th harmonics |;3= 0.06 ... 0.08 |,

These standard values apply to 6-pulse power converters and fre-
quency converters with network-side diode bridge. Otherwise the
specifications of the power converter suppliers apply. An optimal
tuning of the filter circuits to the existing power and load conditions
can be achieved with a harmonics analysis (network measurement).
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Active filter system

General

Active power capacity filters differ fundamentally from passive com-
pensation and filter circuit systems. They function like a controlled
current source. This permits current in any phase, amplitude and fre-
quency to be supplied to the network. Reactive power, changes in
load and harmonics are actively compensated by the principle of
suppression.

Technology

Active filter systems basically consist of an (IGBT) voltage source DC
link converter. To eliminate the clock pulse frequency, this is con-
nected via a power filter to the power to be compensated. The DC
link is equipped with a direct current capacitor as the source of
power. The control electronics continuously compare the actual value
on the network with the specified ideal value and simultaneously
update the current flow for each phase separately (phase current
control).

it
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EHNF R MR,
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Hhif. DERESRTMAER, TRMRBRFERTBEN
BROTIREED., ZERKDRE—ERERBRREDD
RR. RHETFAASERILRMEKFSHENLZENER
SHE. FENRRBRSHENBR (HRREH) .
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Fig. 17 Principle circuit diagram of active filters(four-conductor
model shown with broken lines).

Reactive power compensation

The device can supply any basic harmonic reactive power inductively
and capacitively at the connection point to the network. This is done
separately for each phase which also contributes to the symmetry of
current consumption.

Harmonics compensation

The load current to be compensated is acquired via a current con-
verter. The active filter isolates the harmonics portion fram this signal
and feeds this during phase opposition back to the network. This
causes a suppression and the network current now only consists of
the pure basic harmonics portion. The controller can both suppress all
harmonics in real time or, as an alternative, compensate individually
selected harmonics as well as reactive power.
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Active filter system

Neutral conductor compensation

In the special model for four-conductor networks, the device consists
of four power circuits. This is necessary for the compensation of har-
monics of the 3rd harmonic and their multiples on the neutral con-
ductor. The design of the neutral conductor circuit can be selected
up to three times the load of the outer conductor.

BB, [ €837 | Network current

MR

ENLHEMNSERES, REAMNIIRBEARR.
RN FIRER R F ML EBNAEROMRBR2 DD
By, PSP NRRTAIMNESEATH=1E.

1 #7837 [ Load current

E(3% 33k

Nonlinear load

Fig. 18: Function principle of active filter

Flicker compensation

With a fast increase in the load to be compensated, the active filter
briefly feeds the power stored in the DC link capacitor to the power
network. When the load drops, the active filter pulls power in reverse
from the network into the DC link. Using this principle, the network-
side change in load is smoothed and the flicker effect (perceptible
light fluctuations) is reduced to below perception (Pst = 1). The
devices must be equipped for flicker compensation with an enlarged
DC link capacity.
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Active filter system

Typical application areas are networks with: SRBVRY S .

* High harmonic load * SRR

* Harmonic currents on the neutral conductor o ML SE EMIREER

® Asymmetrical load * RXEFRAE

* Quickly changing loads s RETMHMAR

* Flicker load * BEAR

BRAT=H=%R%

ACF for three wire system
hE — B RY | ER | BEC | BER | RSRY
Power Ol code urrent per phase| Dimensions | Weight |Recommended| Fuse | Cable size
(kvar) i (8) WxDxH (mm)| (kg) cr @ | Em)
87 GRIDCON ACF-400/125-P3 125 800x600x2000| 340 xx/5,kl.1 250 95
174 GRIDCON ACF-400/250-P3 250 800x600x2000| 460 xx/5,kl.1 315 120
261 GRIDCON ACF-400/375-P3 375 800x600x2000| 580 xx/5,kl.1 450 2x70
348 GRIDCON ACF-400/500-P3 500 800x600x2000| 700 xx/5,kl.1 630 2x120

Voltage | BUREE 690V

150 GRIDCON ACF-690/125-P3 125 800x600x2000| 340 xx/5,kl.1 250 95
300 GRIDCON ACF-690/250-P3 250 800x600x2000| 460 xx/5,kl.1 315 120
450 GRIDCON ACF-690/375-P3 375 800x600x2000| 580 xx/5,kl.1 450 2x70
600 GRIDCON ACF-690/500-P3 500 800x600x2000, 700 xx%/5,kl.1 630 2x120

2 BRT=2RENFREXREEEN.

Note: ACF for four wire system are available upon request.
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