INTRODUCTION TO
POWER ELECTRONICS

3"Y Edition — Type V 0121

p—
i—
s—

2PS SystemTechnik Training in Technology

—
—




© hps SystemTechnik
Lehr- + Lernmittel GmbH

Altdorfer Strasse 16
88276 Berg / Germany

Phone: +49751/5607580

Telefax: +49751/5607517

Internet: http://mwww.hps-systemtechnik.com
E-mail: export@hps-systemtechnik.com

Order no.: V 0121
All rights reserved. No part of this publication may be reproduced, transmitted, stored in a retrieval system, nor translated

into any human or computer language, in any form or by any means, electronic, mechanical, magnetic, optical, chemical,
manual or otherwise, without the prior permission of hps SystemTechnik.

0.6.1

p—
i—
s—

2PS SystemTechnik Training in Technology

|



V 0121 Contents |

Contents

Lo INEFOAUCTION (ot s ettt 1
2. UNCONIIOIEA FECHITIEIS ..o 5
2.1  The uncontrolled single-pulse mid-point CIFCUIt MLU .........cooiiiiiiiiiee e e e aa e 5
2.2 The uncontrolled double-pulse bridge CIrCUIt B2U ..........oooiiiiiiiiiiiii e 15
2.3 The uncontrolled three-pulse mMid-point CIrCUIt M3U........ouiiiiiiiiiiiiiiree e e e e e ee e e e e s snreaeees 21
2.4 The uncontrolled six-pulse bridge CIFCUIt BOU ...........c.uuiiiiieeiiiiiiiiice s e e s s rr e e e e s serrr e e e e e e e e snnanneees 27
2.5 Arithmetic average and rms value in uncontrolled rectifiers ... 33
2.6 Number of pulses and ripple in UNcoNtrolled reCHIfIErS .........ucii i 39
3. CONrOIEd FECTITIEIS ...ttt 45
3.1 The controlled single-pulse Mid-point CIFCUIL MLC .........ooiiiiiiiiiiiir e e e e e e e e e e s snneerees 45
3.2 The controlled double-pulse bridge CIFCUIt B2C ...........uuiiiiiiiiiiiiieiie e et e e s e e e e e e e srraer e e e e e e e snnneaees 57
3.3 The phase gate CONLIOI CIFCUIL .........eeiiiiiii ettt e e e e ettt e e e e e e e s e aaaebe e e e e e e e e nnbsbeeeeaeeeesnnnneeeas 63
3.4  The semi-controlled double-pulse bridge CIrCUIt B2H.........ccooiiiiiiiiiiiie e e e 69
3.5 The controlled three-pulse Mid-point CIrCUIt M3C.........uiiiiiiiiiiieiir e e e e e s r e e e e e e snnreaeees 77
3.6 Inverter mode of the controlled three-pulse mid-point CircUit M3C ........cooiiiiiiiiiiiiee e 87
3.7 The controlled six-pulse bridge CIFCUIt BOC .........ciiiiiiiiiiiieiee e e scciiiie e e e e e s s e e e e e e s s s e e e e e e s e sraeeeeaaeeeesnnnnreees 95
3.8 Arithmetic average and rms value of the current in controlled rectifiers ...........cccoocvvvieeee i, 103
. AC CONVEITEIS ..ottt bbb s b bbbttt b ket b ettt 107
4.1 The controlled single-phase alternating CirCUIit WLC ..........cviiii oot e s s e e e e e e e e e e e e s nnnes 107
4.2 The PUISE QIrOUDP CONTIOL.....ueieiiieeie ittt ettt e oottt ettt e e e e e et bttt e e ee e e s s aanbbeeeeeaeeeaaanneeeeaeeesaannbsseeaaaaeaaannn 115
?’ESystemTechnik Training in Technology

1|



I Contents V 0121

5. DITECT CUTITENT CONMVEITEIS ..ottt ettt e et e et et e e et et e e e et e e e e e nees 119
5.1 The pulse Width MOAUIALION .........oeiiie e e e e e e s r e e e e s e st aeeeee e s s e nsnnrnneaaeeeas 119
5.2 Pulse width modulated direct DC converter With GTO ........c.uuuiiiiiiii e e e e e e s aeaaa s 125
ST I B 074 B IO o70] 0 \V/=T ¢ (< £=T T 131
5.4 MOS-FET H-bridge with offset pulse width modulation..............cccceeviiiiiiiiie e 145
6. IV B BT S e ettt e e e et e e et e et e et e et e s et e e e e e e e e rn e eee e e e e e e e 171
L0 N ool o B oo [o T TR T I 1Y/ (= SRR 171
Solutions

(0 aTede a1 i o] [=To I L=Tox 1] 1T S1-S12
(O00] 1 (0] 1[0 I =Tt 11 1] £ S13-S26
F A O o0 0 V=Y 1 (=] £ S7-S30
(D1 C=Tod Ao [ =T A oT0] 0 LT 1 (=T S31-S46
LRV L=T £ (=1 5 S47-S50
Appendix

List of abbreviations and SYMOIS. ........c.iiiiiiii e e e e e e e r e e e e e araaeaen Al
Required MeasUING EQUIPMIENT. ... ... ittt e ettt et e e e e e ettt e e aa e e s s e s steeeeeaaaaaaaaanbeeeeeaaeesaannseeeeaaaaasaansnnseeeaaaaesn A2
Foil

Front view of the POWER BOARD (TYPE 5125) ...ttt ettt e e e e s e et e e e e e e e nnnreeeaaaaeas F1
2PS SystemTechnik Training in Technology

—



