
���������
	������������	������
������������� �����
���!��	����#"%$&	
�
�����('����)�
� ��*,+&���
�-����� ���

��� �&./���)��0&�)���1�
��	�����0&�)�����#��� ���2��� �2��������3 �,0
4%57698;:=<>8;:�?>@BA;C 5BD�EF8G<IHJ?IK

LNMPORQTSVUTW(ORXZY\[(Q^]�M`_aOcbIdRegfRhjikbl_aOnmoMPQpMPeF_aO�]�bISp_aORegdkMPdkq;MPSpMpd
rZdRets>MPQTSTetUtuoUBv;STSpMPd
w _TOk[RUJx>MPdnm�bIORd
yVz

{l|=}�} y^v;STSpMPdkhj~�M>WRUJSp_aORX�bIdk�
�kMPXt���j� {l�� z }9}>�����(�l��� hcikb��j��� {l�� z }9}>���(�l� y }

v;��bIegXt��_PX�boW(SV���om�MPQ�moM`_afn��W(dRe���MPSTSpMPdZ���RM`h;W(X�mIQTeF_aOZ��W(dRe���MPSTSpMPd����RM

�9�k���>�J�=�p���n k¡
¢7£¥¤l¦¨§ª©B«V¬a=®\¦¨§=¤l¦¨§�¯7§�°�±V²\¤l¦¨²�³l§l´>¦¨§�¤l¦P®¶µ·§(¸\¦¨²�§�«`¸�µ¹±V§�«`º¹¦¨§�»�«`²�¼(¸\¦P®½«`§ª¤�µ¹¦�¾c¦¨µ¹®�¸�³l§l´>®t°F¿`lµ·´�¼>¦¨µ·¸1ÀI±V§
»�«V®\¬\lµ·§=¦¨§Á´>¦¨²\¦P¬aI¸�©B¦¨²\¤l¦¨§ÁÂP³Á¼IÃV§l§=¦¨§cÄ�Å=§=¤l¦¨§�µ·£�£�¦¨²j�¿`³�Å=´>¦¨²�£�¦P¬a�«`¸�²\±V§lµ¹®\¬\=¦Æ¾cÃ�®�³l§l´>®a«`§=®a¿`¸�Âp¦;¯7§�Ç
©N¦¨§=¤�³l§l´�ÈR¦Tµn¤=¦T²1É7Êl¸�µ·£�µ¹¦¨²�³l§l´¸\¦P¬al§lµ¹®\¬\=¦¨²½ËIÌ�®�¸\¦¨£�¦�Í�Î1«`Èo¦¨µn§=¦¨l£�¦¨§%¯7¼(¸\±V²\¦¨§ªË(¬alº·Ï=®\®\¦¨º·Êo±�®�µ·¸�µ¹±V§=¦¨§
¦¨µ�§kÄ�©B¦¨µ·ºG®�µ¹¦�¤l¦¨§�Â¨µ¹¦¨º¹±V²�µ¹¦¨§(¸�µ¹¦¨²�¸\¦P§�Ð�§=¦¨²�´�µ¹¦¨¸�²a«`§=®t°�¦¨²^²\¦p«`º·µ¹®�µ¹¦¨²\¦¨§cÍnÑnÏl²^¦¨µ·§=¦�Ò¶µ¹¦¨º·Â�«`lºZµ·§=¤�³=®�¸�²�µ¹¦¨º·º¹¦¨²Á¯7Ê�Ç
Êlº·µ·¼V«`¸\µ·±V§�¦T§Óµ·£Ô«`º·º·´>¦¨£�¦¨µ·§=¦¨§�»�«V®\¬\lµ·§=¦¨§(È�«`³%®\±p©;µ¹¦1µ·§Ó¤l¦¨²ÆÒZ¦¨²�¼I¦¨l²\®�¸\¦P¬\l§lµ·¼9®�µ·§=¤Õ¦¨º¹¦¨¼(¸�²\±V£Ö«`´�§=¦¨¸�µ¹®\¬a=¦
¯7¼(¸\±V²\¦¨§ªÈR¦P®\±V§=¤l¦¨²\®½´>¦P¦¨µ·´�§=¦¨¸pÄc¤=«Õ®�µ¹¦�¤=«V®½´>¦T°�±V²\¤l¦¨²�¸\¦�¾c¦¨µ¹®�¸�³l§l´>®�Êl²\±`Å=ºGÈR¦¨ÂPÏl´�º·µ¹¬\×¤l¦¨²½´�³l¸\¦¨§�¤�Ì(§�«`£�µ�Ç
®\¬\=¦¨§ÓÐ�µ·´>¦¨§=®\¬\�«�°�¸\¦¨§Ó¼>±V£�Èlµ·§lµ¹¦¨²�¸Æ£�µ·¸ØËI¸\¦¨º·º·©B¦¨´>¦¨§ÓÈlµ¹®;µ·§9¤l¦¨§9£�£ÁÇJÙB¦¨²\¦¨µ¹¬\%¦¨²t°�Ïlº·º¹¦¨§cÍ
ÚJ§l§=¦¨²��«`º·È¤l¦P®GÀ>±V²�º·µ¹¦¨´>¦¨§=¤l¦¨§ÕÙB¦¨µ·¸�²a«`´>®N©N¦¨²\¤l¦¨§Õ¦¨º¹¦¨¼(¸�²\±V£Ö«`´�§=¦¨¸�µ¹®\¬\=¦1¯7¼(¸\±V²\¦¨§Ö³l§(¸\¦¨²\®�³=¬\(¸pÄ(¤�µ¹¦¶¦¨µ·§=¦7´�³�Ç
¸\¦ÖÎ¶Ì(§�«`£�µ·¼!ÛFËI¸\¦¨º·º·¼(²a¿�°�¸\¦Öµ·£Ü¼�ÝÆÇJÙB¦¨²\¦¨µ¹¬a×³l§=¤�ËI¸\¦¨º·º�°�²\¦PÞI³=¦¨§lÂp¦¨§�Èlµ¹®Á¬p«�Íjß�à�àjá7Â`â1£�µ·¸�ËI¸\¦¨º·º·©N¦¨´>¦¨§�µ·£
£�£ÁÇJÙB¦T²a¦Tµ¹¬a�³l§=¤�¦¨µ·§=¦¨²Á¼I±V£�Ê�«`¼(¸\¦¨§�³l§=¤×²\±VÈl³=®�¸\¦¨§�Ù;«`³I©B¦¨µ¹®\¦�À>¦¨²�¼(§(ÏlÊ�°�¦¨§cÍjÎ¶µ¹¦ÖÒG±V²�£Ö«`´�§=¦¨¸�µ¹®�µ¹¦¨²�³l§l´
¤l¦¨²¶ËIÌ�®�¸\¦¨£�¦1¦¨²t°�±Vº·´�¸7¤�³l²\¬\Ó¤l¦¨§ÓÐ�µ·§=®a«`¸�Â^®�¸a«`²�¼>¦¨²Æãj¦¨²�£Ö«`§=¦¨§I¸�£�«`´�§=¦P¸\¦�Í�Î¶µ¹¦½«`³=®Æ¤l¦¨²;�±V=¦¨§Õ§=¦¨´I«`¸�µ·ÀI¦¨§
ËIÌ�®�¸\¦¨£�®�¸\¦¨µ�Å=´�¼>¦¨µ·¸²\¦P®�³lº·¸�µ¹¦¨²\¦¨§=¤l¦ª®\¬\lº¹¦P¬aI¸\¦�ä7¦¨´>¦¨º·È�«`²�¼I¦¨µ·¸Õ¤l¦¨²¯7¼(¸\±V²�µ·¼å©;µ·²\¤!£�µ·¸á7µ·º�°�¦%¦¨µ·§=¦P®ÐNæN¢ÆÇ
´>¦P®�¸�Ïl¸�ÂP¸\¦¨§�Û�ÐNæN¢�çj¦¨º¹¦P¬¨¸�²\±V§lµ¹¬TÇJ¬P±�§I¸�²a±Vº�ÇF³l§lµ¹¸TâÁè7±V£�ÊR¦¨§=®a«`¸�µ¹±V§=®�À>¦¨²t°F«`l²\¦¨§=®�´>¦¨º¹Ã�®�¸pÍjÎ1«V®�é7ÈR¦¨²�¸�²a«`´�³l§l´>®tÇ
À>¦¨²��«`º·¸\¦¨§�©;µ·²\¤×¤�µ¹®�¼(³l¸�µ¹¦¨²�¸Á³l§=¤×¦Tê�Êo¦¨²�µ·£�¦¨§(¸\¦¨º·ºBÀI¦¨²�µ�Å=ÂPµ¹¦¨²�¸pÍj¯7È=®\¬alº·µ¹¦¨ë>¦T§�¤�©;µ·²\¤�¤�µ¹¦�Ð�µ·§=®a«`¸�Â¨°F¿`lµ·´�¼>¦¨µ·¸
¤l¦¨²Ø¤�µ¹®�¼(³l¸�µ¹¦¨²�¸\¦¨§�¯7¼(¸\±V²�µ·¼%«`§%¦¨µ·§=¦¨£ì¦¨²\®�¸\¦¨§cÄ�µ·§=¤�³=®�¸�²�µ¹¦¨§�«`=¦¨§�¯7§I©B¦¨§=¤�³l§l´>®�Èo¦¨µ¹®�Êlµ¹¦¨ºG«`³=®¶¤l¦¨£ìÙN¦¨²\¦¨µ¹¬a
¤l¦¨²Á¤=¦aÅ�§lµ¹¦T²\¸\¦¨§!Ë(¬\(©;µ·§l´�³l§l´>®a«`§l²\¦¨´�³=§l´�¦¨²�Êl²\±VÈl¸pÍ

í
î HJïGEF:�H�ð�ñGïZò
ó�ô�õ�ög÷`øg÷`ôÖù¶÷`úT÷`ögûPüR÷`ôÖýR÷`þBÿ��(þTûPüRögôR÷`ô������Rþ��RôRýÖýR÷`ú	�Æ÷�ú�
(÷`üRúTþ�¨÷`ûpüRôRö�
��¶÷`úTýR÷`ô��c÷`úT÷`ö��¨þZþT÷`ö��Z÷`ögôRö���÷`ô
���(üRúT÷`ô�õ�÷`úTþ���(ú�
�����
�����úT÷`ô÷`ögô���÷`þT÷��� ��"!(ýRög÷$#&%RúZõl÷`úTþTûPüRög÷`ýR÷`ôRþ�¨÷'��ô��¶÷`ôRý��Rô���÷`ô(��÷`ô��)�� ��*�Ø÷`úTýR÷`ô,+
���)#NýR÷`ú1÷`ögôR÷`ô�-�÷`ö��¨÷�ü��(ôRýR÷`ø��½÷`þ1þTögûpü�ý����k÷�ö	��./�10�0Røgö�
2�2�¨ö���ôR÷`ô,!oögôªýR÷`ôR÷`ô3 �+ ù�+�÷`ögôR÷�ýR÷�4�ôRö�÷`ú�P÷
-�ûPü��½ögô����Rô���þ��(ôRúT÷5���Rô��6�c÷`ô�7��¨ö����(�½ögúTý98& �+ ù�+Æögô�ýR÷`ú:-�ü���
�÷`ú<;=�=ýR÷`ú>-�ö�÷5��.?�(þTûpüRögôR÷`ô@;BAG÷`ûPüRôRö�
)C
�=ýR÷`ú���÷`ô����R÷(-��¨÷`øgø��k÷��¶÷5���Rô���÷`ôD��÷�#&��úTýR÷`ú���¶÷`úTýR÷`ô,+,���)#7ýR÷`úE�(ôRýR÷`úT÷`ôF-�÷`ö��¨÷ôR÷`ü�.Ó÷`ô�þT÷`ö��Á÷`ögôRöG;
��÷�úIHn÷`ö������RûPü(��ô��¶÷`ôRý��Rô���÷`ôJ 5�,!��k÷`öoýR÷`ôR÷`ôLKB0��(þTþTö�õ�÷NMPO�0)�¨ö�.Óö�÷`ú��Rô���þ�.?��Q�ô��(ü�.9÷`ôL�(ôJR�úT÷`ô� `÷`ô
þ����Q�÷`ô3�RôRý�ý��(üR÷`úP��
�����úT÷`ô3#&%Rú½÷`ö�ôR÷�K<��
��¨ö�õl÷NMSO�0)�¨ö�.Óö�÷`ú��Rô��ÕýR÷`ú½ý)T�ô���.ÓögþTûpüR÷`ô�U;ö���÷`ôRþTûPü��2#V�¨÷`ô
ýR÷`ú��¨÷`ûPüRôRögþTûPüR÷`ô6-�T�þ�¨÷5.Ó÷÷`ögô���÷`þT÷��� ��E�¶÷`úTýR÷`ôXWGY�;<Z2[\+^]�ög÷`þT÷L.Ó÷`ûPü��2�¨ú���ôRögþTûPüR÷`ôF_,7�þ��Rô���þ��(ôRþ��2�� `÷
�¶÷`úTýR÷`ô` ���
�%Rô)#V�Pö��,ô��=ûpüa.Ó÷`üRú:�(ô&ù¶÷`ýR÷5�)���Rô��b��÷��½ögôRôR÷`ôc�RôRýa�¶÷`þT÷`ô��¨øgögûPü
õ�÷`ú��k÷`þTþT÷Vú�¨÷D��ýR÷`ú
þ������IúS���(ô� `øgögûpü ôR÷5�R÷%ögôRô���õ��2�¨ö�õ�÷?d;ú��=ý���
��¨÷�÷`ú�.J7���øgö�ûPüR÷`ô,+
ù¶÷`öZýR÷5.eU;ögôRþ��2�� �õ���ôåÿ�÷`ûPü��2�¨ú���ôRö�
�þ�¨÷`øgø��^ýRög÷S��
�����úTö�
ª÷`ögôR÷`ôf `÷`ô��¨ú��(øg÷`ô�ù¶÷`þ���(ôRý)�¨÷`ögøGý��(ú5+^-�ög÷
þT÷��� ���÷`ögôR÷�õ���ô×ýR÷`ú�-�÷`ôRþ���úTö�
g�c÷`úT÷`ö�����÷`þ�¨÷`øgø��¨÷h�RôRý×õ���ô×÷`ögôR÷5. ÷`ô��¨þ�0RúT÷`ûPüR÷`ô�ýi���Rþ���÷`øg÷����¨÷`ôDj½÷5�2;
øg÷�ú?���)#&�k÷`úT÷`ö��¨÷��¨÷f-�T�þ�¨÷5.Óögô)#&��ú�.?�2�¨ö���ôX��0)�¨ö�.?�Iø1ö�.k-�ögôRôR÷�÷`ögôR÷`úJ��÷��P%RôRþTûpü��¨÷`ôlHnög÷`øgþT÷��� 5�Rô��!ögô
ýRög÷Õ÷`ú#&��úTýR÷`úTøgögûPüR÷`ôi0Rü�T�þTö�
2�(øgögþTûPüR÷`ôim&ögú�
��Rô���÷`ôF��.3+,���RþÖýRög÷`þT÷5.nR�ú��RôRýi�½ögúTýåþT÷`ö��S.Ó÷�üRú¨÷�ú¨÷�ô



���(üRúT÷`ôªögô��¨÷`ôRþTö�õ�þ�P�(ôªýR÷`úPU;ô��<�½ö�ûN
=ø��Rô��Õøg÷`ögþ���Rô���þTþ���(ú�
(÷`ú'��
�����úT÷`ôg��÷�#&��úTþTûPü��"!Rþ��9ý��(þTþ'.Óö����¨ø�÷`ú<;
�¶÷`ögøg÷:-�T�þ�¨÷5.Ó÷:.Óö��Öþ�N�Iú�
i�Rô��¨÷`úTþTûpüRög÷`ýRøgögûPüR÷`ô m&ögú�
�0RúTögô� `ö�0k÷`ô!÷`ô��¨þ����(ôRýR÷�ô�þTögôRýcW � [\+��*%RúÖõ�ög÷`øg÷
��ô��¶÷`ôRý��Rô���÷`ô�ö�. ÿ��(þTûPüRögôR÷`ô������f�RôRý�ögô�ýR÷`ú'�Æ÷`ú�
�÷`üRúTþ�¨÷`ûPüRô�ö�
ªþTögôRý��(øgøg÷`úTýRögô���þ ��
�����úT÷`ô,!cýRög÷
���)#Æ÷`ögôR÷5. ýR÷`ú�.?����ôR÷��¨ögþTûpüR÷`ô�m&ögú�
�0RúTögô� `ö�0k÷����(þTög÷`úT÷`ô,!^�k÷`þ���ôRýR÷`úTþE��÷`÷`ö���ôR÷��"+

elektrodynamischer Aktor

Blattfedersystem

Permanentmagnet

Steuerspule

Trägheitsmasse

elektromagnetischer Aktor

Membranfeder

Steuerspule

Anzugsscheibe

Magnetkern

Permanentmagnet

� HJE�� í�� ���)#&������÷`ögôR÷`þ½÷`øg÷5
��¨ú���ý)T�ô���.Óö�þ¨ûPüR÷`ô W 	 [	�RôRý�÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûPüR÷`ô3��
�����úTþ

U;ögôR÷?�Áög÷`ø� "�(üRø¶ögôRý��Rþ�¨úTög÷`øgø�÷`ú���ô��¶÷`ôRý��Rô���÷`ôX#&�(ú¨ýR÷�ú��õ���ô�ýR÷`úÕ÷`ögô� 5�RþT÷��� `÷`ôRýR÷Vô ��
�����úTö�
6-��¨÷`øgøG;

=ú��2#V�¨÷�ö�. 
�
';�!RúT÷"�(øgögþTög÷`ú����(úT÷h-��¨÷`øgøgü�%��k÷�ö�. .J.L;\ù¶÷`úT÷`ögûPü>�RôRýf-��¨÷`øgø�#FúT÷���R÷`ô� `÷`ô3�Rögþ1û"�)+���	����1 �+
]�ög÷`þT÷`þ=_�÷`ögþ���Rô���þ�0Rú���4�øI.L�RþTþS
���.=�RögôRög÷`ú�h�¶÷`úTýR÷`ôb.Óö��Ö÷`ögôR÷`úS.J7���øgö�ûPüRþ��
���.J0���
��¨÷`ô,ù �����Ø÷`öG;
þT÷J�RôRý!÷`ögôR÷`úÖ÷`ögô)# �(ûPüR÷`ôb-�T�þ�¨÷5.ÓûPü��(ú���
��¨÷`úTögþ�¨ö�
 +��*%RúÖ÷`ögô ýR÷`ú��(ú�¨ö���÷`þS�^ô)#&��úTýR÷`ú��Rô���þ�0Rú��24�ø7þTögôRý
÷`ø�÷5
��¨ú���.?����ôR÷��¨ögþTûpüR÷=��
�����úT÷`ô,!�ýR÷`úT÷`ôDm&ögú�
�0RúTögô� `ö�0i���)#7ýR÷5. j½÷�ø���
����(ô� N;���ú��2#V�;<d;úTögô� `ö�0f���(þTög÷N;
úT÷`ô,!I�k÷`þ���ôRýR÷`úTþ:��÷`÷`ö���ôR÷��"+
]���ögôÖõ�ög÷`øg÷`ô=��ô��¶÷`ôRý��Rô���÷`ô9ýR÷`þÆÿ��(þTûpüRögôR÷`ô������Rþ��� ��h+(ýR÷`ú��Æ÷`ú�
(÷`üRúTþ�¨÷`ûpüRôRö�
���
�����úT÷`ôL.Óö��*���Rþ<;
þTûPüRøgög÷5Q�øgö�ûpü÷`ögôRýRö�.Ó÷`ôRþTö���ô��(ø�÷`ú�-��¨÷`øgø��½ögú�
��Rô��E�c÷`ô�7��¨ö���� �Ø÷`úTýR÷`ô,!lþ���øgøoögôRôR÷`úTü��(ø��ÕýR÷`þ;õ���úTøgög÷5��÷`ôRýR÷`ô
��ú�¨ö�
(÷`øgþ1÷`ögô���. _�÷`üRúTþ���RüRø #&%Rú�ÿ�÷`ûPü��(ôRö�
ª÷`ô��<�½ögû�
(÷`ø��¨÷`ú^÷`ô��¨þ�0RúT÷`ûPüR÷VôRýR÷`ú�÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûPüR÷`ú
��
�����úØýRögþ�
��)�¨ög÷`ú� �¶÷`úTýR÷`ô,+�]��(þ'�k÷`ü��(ôRýR÷`ø��¨÷S-�T�þ�¨÷5. �Ø÷`ögþ�1þT÷`üRú'���)�¨÷Áý)T�ô���.ÓögþTûPüR÷hU;ö���÷`ôRþTûPü��2# ;
�¨÷`ô����)#18\-��¨÷`øgø�
=ú��2#V�¨÷�ö�./
�
';\ù¶÷`úT÷`ögûPü��RôRýD-��¨÷`øgø�#FúT÷���R÷`ô� `÷`ô��Rögþ½û"�)+�	������1 CN!�ýRög÷�÷`ögôR÷`úTþT÷`ö��¨þ1.Óö��
ýR÷`ôD��÷�#&��úTýR÷`ú�¨÷`ôF-��¨÷`øgø��Ø÷���÷`ô�ö�. .J.L;\ù¶÷`úT÷`ögûPüf�RôRýi�(ôRýR÷`úT÷`úTþT÷`ö��¨þE.Óö���÷`ögôR÷`ú^õ���. -��¨÷`øgø��¶÷5�:�Rô@;
���Rü��Iô���ö���÷`ô3�RôRýf 5��. -@0��Røg÷`ôRþ�¨ú���. øgögôR÷"�(úT÷`ôf-��¨÷`øgø�
=ú��2#V�1õ�÷`ú�
=ô@%�0)#V���¶÷`úTýR÷`ô,+^U;ögô3�¶÷`ö��¨÷`úT÷`þ1�k÷N;
þ���ôRýR÷`úT÷`þÓÿ�÷`ú�
�.?�(ø¶ýR÷`ú÷`ô��B�½ögûN
(÷`ø��¨÷`ôb��
�����úTö�
 ö�þ��ýRög÷:j½÷"�(øgögþTö�÷`ú��Rô��×ýR÷`úÕ÷`ú#&��úTýR÷`úTøgögûPüR÷`ô �$��ú<;
.?�2��ôR÷��¨ögþTög÷`ú��Rô��9ý��RúTûPü×þ����(ú�
(÷�dG÷`ú�.?�(ôR÷`ô���.?���(ôR÷��¨÷�+ ]�ög÷`þP#&%RüRú�1 5�×÷`ögôR÷`ú1j½÷`ý���
��¨ö���ô�ýR÷`þ1 5��.
ù¶÷��¨úTög÷5�!ýR÷`ú=��
�����úTö�
å÷`ú#&��úTýR÷`úTøgögûPüR÷`ô6U;ôR÷`ú���ög÷5�k÷`ý��(ú#Fþ=�RôRý6 5�,÷`ögôR÷`úh�Ø÷`þT÷`ô��¨øgögûPüR÷`ô6�Æ÷`ú�.ÓögôRýR÷N;
ú��Rô���ýR÷`ú¶ý��RúTûpü�÷`ögôR÷�÷`øg÷5
��¨úTögþTûPüR÷1�$��ú�.?����ôR÷��¨ögþTög÷`ú��Rô��Ö÷`ô��¨þ�¨÷`üR÷`ôRýR÷`ôgAG÷5.J0k÷`ú��2���RúT÷`ô��B�½ögûN
=ø��Rô��)+

��� ñ��t8���ñ&ñGï�� � HF<>@�ñGïZò�!#":�H�!`:$�Z:=<ªñGïkð�:=<%!VñG?>Kkð�:�ï � @nð'&c<IHF@
]�÷`úE���)#&�����D�RôRýåýRög÷�m&ögú�
��Rô���þ�¶÷`ögþT÷9ýR÷`ú��Rô��¨÷`úTþ��RûPü��¨÷`ô!÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûPüR÷`ôD��
�����úT÷`ôåþTögôRý
���)�Bö�ôýR÷5.Ôù¶ögøgý(�1 5�Õ÷`ú�
(÷`ôRôR÷`ô,+�H �Ø÷`ö@��ô� 5����þTþTûPüR÷Vö��k÷�ô,!�ýRög÷ �(øgþ*.?����ôR÷��¨ögþTûPüR÷ j½÷"��
��¨ö���ôRþ�
�7�ú�0k÷`ú
ýRög÷�ôR÷`ô,!ZþTögôRýi#F÷`þ�S.Óö���÷`ögôR÷`ú�ögô �')oö �(øg÷(j½ögûPü����Rô��g�k÷��¶÷5��øgögûPüR÷`ô6-��¨÷`øgø �(ûpüRþT÷õl÷`ú����RôRýR÷`ô6�RôRý �(ô
ýR÷`ô*����0)#F÷`ôRýR÷`ô!÷`ögôR÷�þÿ�����ôR÷�������0)#F÷`þS0 ��þTö��¨ö���ôRö�÷`ú�"+	]�ög÷?-��¨÷`øgø �(ûPüRþT÷9ögþ�E�½ög÷`ýR÷`ú���. ý��RúTûpü  ��¶÷`ö
0��(ú��(ø�øg÷`ø� 5�R÷`ögô��(ôRýR÷`ú���÷`þTûPü��(ø��¨÷��¨÷`ôÕÿ�÷5.L�Rú��(ô)#F÷`ýR÷`úTô���÷`úTögô���÷`ú d;ø �2���¨÷`ôRýRögûN
(÷Æú��(ýRö �(øgþ�¨÷`ö�#@��÷`ø ����÷`ú�"!
� �(þE 5� ÷`ögôR÷`ú�ô��(üR÷5 5� úT÷`ö����Rô���þ#FúT÷`ög÷`ô+�*%RüRú��Rô���ýR÷`úS-��¨÷`øgø �(ûPüRþT÷=#&%RüRú�"+
ó�ô
ýR÷5. ÿ����(ôR÷�������0)#�þTögôRýa ��¶÷`öh-��¨÷5�R÷`úTþ�0��Røg÷`ô�ögô��¨÷5��úTög÷`ú�"!ÆýRög÷3.Óö��¨÷`ögô��(ôRýR÷`ú9ý��RúTûpü
÷`ögôR÷f]�ö�# ;
#F÷`úT÷`ô� �þ¨ûPü��(ø����Rô��!õ�÷`ú����RôRýR÷`ô�þTögôRý,!Æþ��!ý��(þTþ? 5�RúJ��ôRþ�¨÷5�R÷`ú��Rô��,ýR÷`þ?��
�����úTþ?���RþTþTûpüRøgö�÷5Q�øgögûpü�÷`öG;
ôR÷L_�÷`ögþ���Rô���þT÷`øg÷5
��¨ú���ôRö�
�÷`ögô���÷`þT÷��� ����½ögúTý,+,]�ög÷ögô�ýR÷5. ÷`ø�÷5
��¨ú���.?����ôR÷��¨ögþTûpüR÷`ôf��
�����ú� 5�å÷`ögôR÷5.



x(t)

Membran

Steuerspule

Anzugsscheibe

Magnetkern

Permanentmagnet

� HJE � � � d;úTögô� `ö�0Rþ�
=ö� 5 `÷�ýR÷`þ�÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûpüR÷`ô
��
�����úTþ

j½ögô��E�(ô���÷5��úTýRôR÷��¨÷`ôJdN÷`ú�.?�(ôR÷`ô���.?����ôR÷N;
�¨÷ÕýRög÷`ôR÷`ô ýR÷`úh.?����ôR÷��¨ögþTûPüR÷`ôD�$��úTþ�0��(ô@;
ô��Rô���ýR÷`þ -�T�þ�¨÷5.Óþ �RôRýÔ÷`ú� `÷5����÷`ôì÷`öG;
ôR÷Áþ���(ú�
(÷hR�ú��RôRýRý��RúTûPü � �)���Rô��ÕýR÷`þ .?� ;
��ôR÷��¨ögþTûPüR÷`ô ��÷`úTô�.?�2�¨÷`úTö �(ø�þ5+Iù¶÷`öRù¶÷`þ�¨ú��2;
.=�Rô��ÁýR÷`úÆÿ�����ôR÷��¨þ�0��Røg÷`ô=�½ögúTýý��(þÆÿ�� ;
��ôR÷���#F÷`øgý9ýR÷`ú�����ú�.?����ôR÷��¨ögþTög÷`ú��Rô���ý��RúTûPü
÷`ögô ögô ý��(þ9ÿ��2�¨÷`úTö �(ø7ögôRý��� `ög÷`ú�¨÷`þ(-��¨÷5�@;
÷`ú�.?����ôR÷N��#F÷�øgý %��k÷`úTø ����÷`ú�"+L-@��.Óö�� õl÷`ú<;
þ���(ú�
(÷`ô þTögûPü �c÷`ögýR÷ ÿ�����ôR÷���#F÷`øgýR÷`ú�ögô
ýR÷`ú ÷`ögôR÷`ô ��
�����úTü��(ø�#V�¨÷�!�ögôÔýR÷`ú �(ôRýR÷N;
úT÷`ô�þTûPü�� �(ûPüR÷`ô×þTög÷�þTögûPüg��÷5��÷`ôRþT÷`ö��¨ö��(���,!
þ��ªý��(þTþ�÷`ögôR÷J-��¨÷`øgø��½ögú�
��Rô���ögô ����ú�. ÷`öG;
ôR÷`ú:-��¨÷`øgø�
=ú��2#V�9÷`ú� `÷5�����?�RôRý
ý���.ÓöG�9ýRög÷
��÷��P%RôRþTûPü��¨÷ -��¨÷`øgø��k÷��¶÷5���Rô�� úT÷"�(øgögþTög÷`ú�
�½ögúTý,+

���)#&�(ú��RôRý�ýR÷�úNü���üR÷`ôS�$��ú�.?����ôR÷��¨ögþTö�÷`ú��Rô��½ø �(þTþT÷`ô�þTögûpüS�k÷`ö=ýR÷5. �Rô��¨÷`úTþ��RûPü��¨÷`ô=��
�����ú -��¨÷`øgø�
=ú��2#V�¨÷
õ���ôf�Rögþ� 5�

±1, 5 kN
�k÷`ö��Rô����Rþ���÷`øg÷`ô�
��¨÷`ôi��ô� 5����þTþTûPüR÷`ö��k÷`ôå÷`ú� `ög÷`øg÷`ôb8FýR÷`ú�.?� )oö�.?�(ø�÷�-��¨÷`øgøgü����

�c÷��¨ú������ �k÷`ökýR÷5./-�T�þ�¨÷5. Y .J.:CN+�]�÷`ú .?�(þTþTö�õl÷ ��÷`úTôªýR÷�þ½ÿ�����ôR÷�����
�����úTþØögþ� ���RþØ÷�ögôR÷5. �¶÷`ögûPü@;
.?�2��ôR÷��¨ögþTûpüR÷`ôåÿ��2�¨÷`úTö �(ø����)# 
^ö ��÷N;\ù �(þTögþP��÷�#F÷`ú�¨ö����"!cþ���ý��(þTþ��1.J.?����ôR÷��¨ögþTög÷`ú��Rô���þaõ�÷`úTø��Rþ�¨÷S�RôRý
m&ö�ú��c÷`øgþ�¨ú���.Ó÷`ögô � %RþTþT÷$��÷`ú��(ýR÷I�k÷`ö=ü�7�üR÷`úT÷`ô(��úT÷���R÷`ô� `÷`ô÷`úTüR÷5�RøgögûPü�úT÷`ý��� `ög÷`ú� �Ø÷`úTýR÷`ô,!2��. þ���.ÓöG�
÷`ö�ôR÷1���)�¨÷�-��¨÷`øgø�
=ú��2#V�¨ý)T�ô���.Óö�
ÖýR÷`ú7ýRögþ�
��)�¨ög÷`ú�¨÷`ô?��
�����úTö�
�#&%Rú -��¨÷`øgø�#FúT÷���R÷`ô� `÷`ô?�RögþÆû"�)+�	���� �P 1 ��
÷`ú�.J7���øgögûPüR÷`ô,+

��� &��Z:�EJE �Z:�!9:�EF:=@nð�< &��*�RòkïZ:lð>H�!V?>KZ:�ï � @nð'&c<%!
� 5 í
	 H ?>Kkð>EJHFïZ: �R<>: � �RòkïZ:lð�@j< � � ð
]��(þ ��÷`ôRô)#F÷`øgý

FMag(i, x)
ýR÷`úÓÿ�����ôR÷���
=ú��2#V�Óö�. �����(þTöG;�þ���2�¨ögþTûPüR÷`ôaH^�Rþ���(ôRýb�½ögúTý�ý��RúTûPü�÷`ögôR÷

ôRögûPü��¨øgögôR÷"�(úT÷ ���Rô�
��¨ö���ô×ögô3���Rü��(ô���ö���
(÷`ö���ýR÷`ú��^ô�
�÷`ú�0 ��þTö��¨ö���ôR÷`ô
x0 ± x

�RôRý�ýR÷`ú�-��¨÷5�R÷`úTý��RúTûpü@;
� �)���Rô��

Θ = w · i
�k÷`þTûPüRúTög÷5�k÷`ô,+ �^ög÷`ú��c÷`öØ÷�ô��¨þ�0RúTögûPü��

x0

ýR÷5. jP�RüR÷`ø��)#V�¨þ�0��(ø��= ��½ö�þ¨ûPüR÷`ô�÷`ögôR÷`ú
��ô� �����þTþ¨ûPüR÷`ö��k÷E�RôRýªýR÷5. ÿf�2��ôR÷�������0)#Gö�. �Rô����Rþ���÷`øg÷`ô�
��¨÷`ô�H^�Rþ���(ôRý,!

x
ýR÷`ú �Æ÷`úTþTûPüRög÷5���Rô��9ýR÷`ú

��ô� �����þTþ¨ûPüR÷`ö��k÷`ô6���Rþ�ýR÷`úh.Óö����¨ö���÷`ôijP�RüR÷`ø ����÷�!
w
ýR÷`úh��ô� "�(üRø;ýR÷`úEm&ögôRý��Rô���÷`ô ÷`ögôR÷`ú�-��¨÷5�R÷`ú<;

þ�0��Røg÷��RôRý
i
ýR÷5.e-@0��Røg÷`ôRþ�¨ú���.3+^]�ög÷Õÿ�����ôR÷���
=ú��2#V�ÁýR÷`þ���
�����úTþÁ÷`ú���ö��)��þTögûPü�ô��(ûpü

FMag = FMag,1 − FMag,2

= kµ(i, x)
2
· k1 ·

{

(

k2 (ΘPM +Θ) · (x0 + x) + k3 ·RPM Θ
)2

(

k4 ·RPM · x0 + k5 · (x2
0 − x2)

)2

−

(

k2 (ΘPM −Θ) · (x0 − x)− k3 ·RPM ·Θ
)2

(

k4 ·RPM · x0 + k5 · (x2
0 − x2)

)2

}
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FMem

�RôRý�ýR÷`ú ���RþTøg÷`ô�
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x
#&%RüRú�"+)]�ög÷ ��÷`ýR÷`ú�
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FMem =
E · t3Mem

(1− ν2)
·

{

a1 + a2 ·

(

x

tMem

)2
}

· x

= kMem(x) · x
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E
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a2
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��÷5��÷`ô�%��k÷`ú���÷`þ�¨÷`øgø��¨÷`ô`#&�Rô�
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��¨ú���.?����ôR÷��¨ögþTûPüR÷`ô:��
�����úTþ
úT÷`þ��Rø��¨ög÷`ú�7þ���.Óö�� ���Rþ7ýR÷`ú��1�k÷`úTø ����÷`ú��Rô��ÖýR÷`úØÿ�� ;
��ôR÷���
=ú��2#V�'��÷5.?��Q(R�øg÷`ögûPü��Rô��g8 	�C$�RôRýªýR÷`ú1÷`ô�����÷N;
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F (i, x) = FMag(i, x)− FMem(x)

= ki(i, x) · i+
[

kx(i, x)− kMem(x)
]

· x .
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F (i, x)
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GMag(s)
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ü��(øG�P÷�ôåýR÷`þ�÷`øg÷5
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F (s)
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U(s)

ýR÷`þS_�÷`ögþ���Rô���þaõ�÷`úTþ���(ú�
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G(s) =
F (s)

U(s)
= GMag(s) ·GL(s)

=
ki

1 + s · TMag

·
1 + s · TZ,Mag

1 + s · TN,Mag

·
kL

1 + s · TL
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Gerw(s)
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��¨ú���.?����ôR÷��¨ögþTûpüR÷`ô
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R�øg÷`ö�ûpü��Rô��X8���Ch#&��ú�.=�Røgö�÷`ú�¨÷ ���Rô�
��¨ö���ô,ô��(ûPü

Gerw(s) = GP (s) ·GV (s) ·G(s) =
s · TP

1 + s · TP
·

1

1 + s · TV,1 + (s · TV,2)2
·G(s).
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PT2
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TV,1
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ýR÷`þÁ÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûPüR÷`ôf��
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��
��¨ö�õ�÷ ����.J0c÷`ôRþ��2�¨ö���ô�ýR÷`ú�ôR÷5���2�¨ö�õ�÷`ô -�T�þ�¨÷5.Óþ�¨÷`ö�4���
(÷`ö��h�RôRýåôRögûPü��¨øgögôR÷"�Iú¨÷�ôiU �n÷5
��¨÷(�k÷��½ögú�
��"+
]�÷`ú ����ú�¨÷`ögønýR÷`ú  ��Ø÷`ö��¨÷`ô×ÿ�÷��¨ü��=ýR÷�øgög÷5���¶ý��(úTögô,!oý��Iþ¨þ1ý��RúTûPü�ýRög÷ �1��.J0k÷`ôRþ��2�¨ö���ôRþTþ�¨÷5�R÷`ú��Rô��Õ÷`ögô
-�T�þ�¨÷5. ��÷`þTûPü�� �n÷`ôc�½ögúTý,!Æý��(þ?#&%Rú%þTögûPü
÷`ögô�øgögôR÷"�(úT÷`þ>-��¨÷`øgø�
=ú��2#V�Tõ�÷`úTü��(ø��¨÷`ôa���)#V�¶÷`ögþ�"!7ý��(ý��RúTûPü
.ÓöG�%øgögôR÷"�(úT÷`ôa
=ø �Iþ¨þTögþTûPüR÷`ô`j½÷5��÷`ø�
���ô� `÷50)�¨÷`ô`�k÷`ü��(ôRýR÷`ø��?�¶÷`úTýR÷`ô`
2�(ôRôc�RôRý�ýR÷`ú �1��.J0k÷`ôRþ��2�¨öG;
��ôRþ��(ø�����úTö��¨ü�.=�Rþ��½ög÷`ýR÷`ú���. ôRögûpü���õ���ô!ýR÷`úÖþ�0��2�¨÷`úT÷`ô6��0�0Røgö�
 �2�¨ö���ôåýR÷`þS��
�����úTþS�RôRý!ýR÷`úÖý��2#&%Rú
�c÷`ô�7��¨ö����¨÷`ô3j½÷5��øg÷`úTþ�¨ú���
����RúT÷`ôf�2�Rü��(ô���ö��9ögþ�"+�]��(üR÷`ú'�½ögúTý�ögôRôR÷`úTü��(ø��ªýRög÷`þT÷`úP��ú��c÷`ö��½ýR÷`úP ��Ø÷`öG�P÷
_	7(þ��Rô��(þ��¶÷5�i�c÷`þTûPüRú¨öG���¨÷`ô,+Nó�ô`W �2[I�P�RúTýR÷�ýRög÷:�(ô���÷`þ�0Rú���ûPüR÷`ôR÷�ÿ�÷��¨ü���ýR÷ªögô ��ôRøg÷`üRô��Rô��i�(ô ýRög÷
��ú��c÷`ö��¨÷`ôÓõ���ôfWGY'�2[c÷`ú#&��ø���úT÷`ögûPüJ���)# -�T�þ�¨÷5.Ó÷1.Óö��$0c÷`ú�.?�(ôR÷`ô���.?����ôR÷��¨ögþTûPüR÷`ú��$��ú�.?����ôR÷��¨ögþTög÷`ú��Rô��
%��c÷`ú�¨ú�����÷`ô,+ ]����k÷`ö;þ��%)�� ��¨÷`ô!þTögûPüåýRög÷ �^ô��¨÷`úTþ��RûPü��Rô���÷Vô6���)#¶÷5.J0RögúTögþTûPüR÷JH �½ögþTûPüR÷`ôR÷`ú���÷5�RôRögþTþT÷�!
ýRög÷� 5�Rú �1.ÓþT÷��� 5�Rô���ýR÷`þ �1��.J0k÷`ôRþ��2�¨ö���ôRþaõ�÷`ú# �(üRúT÷`ôRþ�÷`ögô���÷`þT÷��� ��E�P�RúTýR÷`ô,+
ó�ôRôR÷`úTü��(ø��!ýRög÷`þT÷`þù¶÷`ö��¨ú�����þh�½ögúTý  5�RúLO�0)�¨ö�.9ög÷`ú��Rô���ýR÷`þL-��¨÷`øgø�
=ú��2#V�Tõ�÷`úTü��(ø��¨÷`ôRþÖýR÷`ú�÷`øg÷5
��¨ú���.?� ;
��ôR÷N�Pö�þ¨ûPüR÷`ô=��
�����úTö�
�÷`ögô(����.J0c÷`ôRþ��2�¨ö���ôRþTþ�¨ú���.

ic(i, x)
÷`úTúT÷`ûPüRôR÷����RôRýýR÷5. ��÷��P%RôRþTûPü��¨÷`ô?-��¨÷5�@;

÷`úTþ�¨ú���.
i
���)#&��÷`þTûPü��(ø��¨÷��"+ ]�÷`úE-��¨ú���.

ic(i, x)
! ���)#&��÷��¨ú�����÷`ô×ögô×ù¶ögøgý �@!��¨÷`ögø��½þTögûPü���÷5.?��Q

ic(i, x) = ic,x(i, x) + ic,nlin(i, x)

= −
kx(i, x)− kMem(x)

ki(i, x)
· x+

k∗i − ki(i, x)

ki(i, x)
· i

8<Y'��C

���)#7ögô�÷`ögôR÷ �1��.J0 ��ôR÷`ô��¨÷
ic,x(i, x)

!jýRög÷ýR÷`ú ����.J0c÷`ôRþ��2�¨ö���ô�ýR÷`ú�ôR÷5���2�¨ö�õ�÷`ô -�T�þ�¨÷5.Óþ�¨÷`ö�4���
(÷`ö��
ýRög÷�ô��(�RôRý�ögô�÷`ögôR÷g ��¶÷`ö��¨÷68

ic,nlin(i, x)
CN!;ýRög÷> 5�Rú?_�ögôR÷"�(úTögþTög÷`ú��Rô���ýR÷`þ9õ���ô�ýR÷5.k-��¨÷5�R÷`úTþ�¨ú���.

���Rü��Iô���ö���÷`ôb-��¨÷`øgø�
=ú��2#V�Tõ�÷`úTü��(ø��¨÷`ôRþ�÷`ögô���÷`þT÷��� ����½ögúTý,+ ]��RúTûpübU;ögôRþT÷��� `÷`ô ýR÷`ú=R�øg÷`ögûpü��Rô�� 8<Y'��C�ögô
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� HJE���� � �Á÷`ôRô)#F÷`øgý�ýR÷`þ ����.J0c÷`ôRþ��2�¨ö���ôRþTþ�¨ú���.Óþ
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�

x � 
	�	 i � 
/
� HJE���� � �1��.J0k÷`ôRþTög÷`ú�¨÷`þ�-��¨÷`øgø�
=ú��2#V�;���÷`ôRô)#F÷`øgý

ýRög÷�ù¶÷`úT÷`ûPüRô@�Rô���þaõ���úTþTûPü�úTö�#V�f8 	�C÷`úTü��(ø��(.?�(ôb#&%Rú9ýR÷`ô �����(þTöG;�þ���2�¨ögþTûPüR÷`ô � �(øgøØý��(þ(��÷��P%RôRþTûpü��¨÷
þ�¨ú���.J0Rú���0 ��ú�¨ö���ô��(ø�÷��RôRýD�Ø÷5���Rô����Rü��(ô��(ö���÷J-��¨÷`øgø�
=ú��2#V�Tõ�÷`úTü��(ø��¨÷`ôD��÷5.?��Q

F = ki(i, x) ·
(

i+ ic(i, x)
)

+
[

kx(i, x)− kMem(x)
]

· x = k∗i · i,

ý��(þ7ögô%ù¶ögøgý �Öý��(ú���÷`þ�¨÷`øgø��Æögþ�"+@]�ög÷^÷ ))0c÷`úTö�.Ó÷`ô��¨÷`øgøg÷'�Æ÷`úTö�4�
2�2�¨ö���ô( 5��. 
��(ûPü��¶÷`ögþ7ýR÷`ú ���Rô�
��¨ö���ôRþ<;
# �(üRö���
�÷`ö��^ýR÷�ú�ý��RúTûpü���÷N#&%RüRú��¨÷`ô �1��.J0k÷`ôRþ��2�¨ö���ôRþTþ�¨÷5�R÷`ú��Rô���ögþ��ögô×ù¶ögøgý �Óý��(ú���÷`þ�¨÷`øgø��"+
ó�ô ÷`ögôR÷5. �Ø÷`ö��¨÷`úT÷`ôX-�ûPüRúTö������1ögúTý ýRög÷:]1T�ô���.Óö�
åýR÷`ú9ÿ�����ôR÷���
=ú��2#V�=
���.J0k÷`ôRþTög÷`ú�"!Gþ���ý��(þTþýR÷`ú
÷`ø�÷5
��¨ú���.?����ôR÷��¨ögþTûpüR÷���
�����ú1ögôRôR÷`úTü��(ø��ª÷`ögôR÷`þP�(ôlõ�ögþTög÷`ú�¨÷`ô ��úT÷���R÷`ô� 5�k÷`úT÷`ögûPüRþ1�Rögþ1û"�)+ 	������1 Á÷`ögô
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� HJE��	� � -@0Rú��Rô����(ô��<� ��ú�¨÷`ô�� �
·
�
x = 0, 3mm

! �
x = 0mm

! � �
x = −0, 3mm

ô��(üR÷� 5�?0Rú���0 ��ú�¨ö���ô��(øg÷`þ �1�k÷`ú�¨ú������Rô���þaõ�÷`úTü��(ø��¨÷`ô?���)#V�¶÷`ögþ�"+ �^ög÷`ú� 5�(�½ögúTýÕýR÷5. ����.J0c÷`ôRþ��2�¨ö���ôRþ<;
#F÷`ø�ý

ic(i, x)
ô��=ûpü�ý��(þ �1�c÷`ú�¨ú������Rô���þ���øgög÷`ý

Gc(s) =
1 + s · TN,Mag

1 + s · TZ,Mag

8<Y�Y C

õ���ú���÷`þTûPü��(ø��¨÷��"!�ý��(þ1ýR÷`ô3��.J0Røgö����RýR÷`ô����)# �(øgø #&%Rú ��úT÷���R÷`ô� `÷`ôf���$��� �1 E
���.J0k÷`ôRþTög÷`ú�"+Ró�ô3�����RögøG;
ý��Rô��DY'�%ögþ��ý��(þÁý)T�ô���.ÓögþTûpüR÷8�1�k÷`ú�¨ú������Rô���þaõ�÷`úTü��(ø��¨÷`ôåýR÷`þ�÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûPüR÷`ôD��
�����úTþE.Óö��
�RôRýX�(üRôR÷ ����.J0c÷`ôRþ��2�¨ö���ô�ý��(ú���÷`þ�¨÷`øgøG� +
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� �(������� �� �  ���

� �(������� �� �  ���

� HJE�� í�
 �
G(s)

ýR÷`úg-��¨÷`øgø�
=ú��2#V�ÓýR÷`þª÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûPüR÷`ôa��
�����úTþ�� � ÿ3�=ýR÷`øgø�ýR÷`þ
ó�ôR÷`ú�¨ö �(øgþT�þ�¨÷5.Óþ5! � ÿ3��ýR÷`øgø�.Óö�� 
���.J0k÷`ôRþTög÷`ú�¨÷`ú*]1T�ô���.Óö�
 !

∗
U�))0c÷`úTö�.Ó÷`ô��

0 î <��G< &c8NñGïZò �Z:=< î HJï�!�oð� ����KGHJòc@�:�H�ð �Z:=< & �Zð>H � HF:=<Vð�:�ï � @nð'&c<IHF@
]�ög÷'�Rô��¨÷`úTþ��RûPü��¨÷���
�����úTö�
=�k÷�4�ôRýR÷��¶þTögûPüJ 5�Rú Hn÷`ö��Æô��=ûpüÓö�. d;ú��� `÷`þTþ¶ýR÷`úIU;ú�0Rú������Rô��)+@]��(üR÷`ú7þ���øgø



ögôRôR÷�ú¨ü��Iø���ýRög÷`þT÷`þÓù¶÷`ö��¨ú�����þ(���RþTþTûPüRøgög÷5Q�øgögûPü,÷`ögô�÷`úTþ�¨÷`ú(AG÷`þ�%ýR÷`þ9÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûPüR÷`ô ��
�����úTþ
���RþÁýR÷5. ù¶÷`úT÷`ögûPü�ýR÷`úh��
��¨ö�õ�÷`ô -�ûPü��½ögô����Rô���þ��(ôRúT÷5���Rô��ªõ���ú���÷`þ�¨÷`øgø����¶÷`úTýR÷`ô,+ �^ög÷`ú� 5�f�½ögúTý�÷`ögôR÷
ÿ��(þTþT÷

m
���)#�ýR÷`ô ��
�����úL�k÷�#F÷`þ�¨ö����(�RôRý�÷`ögôR÷5. �$��ú������k÷`þTö���ô��(ø .Óö��ýR÷`ú ����ú�. ÷`ögôR÷�ú(j½÷`ûpü��;

÷`û�
=þTûPü��½ögô����Rô�� 8���úT÷���R÷`ô� 
f = 50Hz

C^ô��(ûPü���÷�#&%RüRú�"+,]�ög÷`þT÷ �^ô��¨÷`úTþ��RûPü@�Rô���øg÷`üRô���þTögûPüi�(ô�÷`ögô
ögôRý��Rþ�¨úTög÷`ô��(üR÷�þ1��0�0Røgö�
2�2�¨ö���ôRþ��k÷`ögþ�0Rög÷`ø	���Rþ½ýR÷5. ù¶÷`úT÷`ögûPü×ýR÷`ú�-�ög÷5��.?�(þTûpüRögôR÷`ô@;�ó�ôRý��Rþ�¨úTög÷S�(ô,+

-

w(t) e(t) uR(t) i(t) F (t) x(t)
GV (s) R(s) Gc(s) G(s) Gm(s)

� ������� �  �(� ��� �

� HJE�� ící�� j½÷5��÷`ø�
=úT÷`ögþ' 5�Rú �1.ÓþT÷��� 5�Rô��Ó÷`ögôR÷`ú½ýR÷�4�ôRög÷`ú�¨÷`ôf-�ûPü��½ögô����Rô���þ��(ôRúT÷5���Rô��

�*%RúÆýRög÷1üRög÷`úÆý��RúTûpü���÷N#&%RüRú��¨÷`ô �^ô��¨÷`úTþ��RûPü��Rô���÷`ô:�P�RúTýR÷^÷`ögô?_�÷`ögþ���Rô���þaõ�÷`úTþ���(ú�
�÷`ú .Óö��;÷`ögôR÷`ú$.?� ;
)oö�.J�(øg÷`ô ���Rþ����(ô���þTþ�0��(ôRô��Rô���õ���ô

±40V
#&%Rú�÷`ögôR÷%ø �(þ���Rô����Rü��(ô���ö���÷?-��¨ú���.Óþ�¨÷5�R÷`ú��Rô���÷`ögô���÷N;

þT÷��� ��"+�]�ög÷'-������Rögøgö�þTög÷`ú��Rô��^ýR÷`þB÷`øg÷5
��¨ú���.?����ôR÷��¨ögþTûpüR÷`ô=��
�����úTþN÷`ú#&��ø����*.Óö�� �^ögø�#F÷Æ÷`ögôR÷`þ 
=ø �(þTþTögþTûPüR÷`ô
PDT1

;<j½÷5��øg÷`úTþ5!�þ��^ý��(þTþGýR÷`ú���÷�þ¨ûPüRø���þTþT÷`ôR÷ j½÷5��÷`ø�
=úT÷`ögþ�ý��(þ �1�k÷`ú�¨ú������Rô���þaõ�÷`úTü��(ø��¨÷`ô�÷`ögôR÷`þ���÷`ýR÷`ú<;
ÿ��(þTþT÷N;<]���.J0)#F÷`ú<;-�T�þ�¨÷5.Óþ��(ôRôRö�.J.��"+2]�÷5. ��÷`þTûPüRø���þTþT÷`ôR÷`ô?j½÷5��÷`ø�
=úT÷`ögþ��½ögúTýý��(ú�%��c÷`úBüRögô����RþN÷`ögô
�1�c÷`ú�¨ú������Rô���þ���øgög÷`ý

GV (s)
 5�Rú �$��úaõ�÷`úTþ���(ú�
��Rô��9õ���ú���÷`þTûPü��(ø��¨÷��"!Rý��(þ1ýRög÷���÷��P%RôRþTûpü��¨÷ �1�k÷`ú�¨ú�� ;

���Rô��(þ¨ûPü��(ú��(û��¨÷`úTögþ�¨ö�

Gges(s)

 ��½ögþTûPüR÷`ô!ýR÷`ú�-@��øgø�õ���ú������k÷
w(t)

�RôRý ýR÷`úh���RþTøg÷`ô�
��Rô��
x(t)

ýR÷`þ
÷`ø�÷5
��¨ú���.?����ôR÷��¨ögþTûpüR÷`ô?��
�����úTþ 0Rú������"+�ó�ôªù¶ögøgý3Y ��ögþ�¶ýRög÷1��ô��B� ��ú�

x(t)
ýR÷`þ ��÷`úT÷5��÷`ø��¨÷`ôg-�T�þ�¨÷5.Óþ

ýR÷`úJ-@��øgø�õ���ú������k÷
w(t)

��÷5��÷`ô�%��k÷`ú���÷`þ�¨÷`øgø��"+

t � ��

x
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� HJE�� í�� � �Æ÷`ú���øg÷`ögûPüb-�T�þ�¨÷5.?�(ôRúT÷5���Rô�� 8 � � C�� ;<�(ô��B� ��ú�>8 � C�ýR÷`þ=��÷`úT÷5��÷`ø��¨÷`ô ��
�����úTþ
#&%Rú1÷`ögôR÷�ýR÷�4�ôRög÷`ú�¨÷�-�ûPü��½ögô����Rô���þ��(ôRúT÷5���Rô��

���Æñ�!� � �!:�ï�� ��! !VñGïGò
��
�����úT÷`ô�úT÷"�(øgögþTög÷�ú¨÷�ô%ýR÷`ô: `ög÷`ø���úTög÷`ô��¨ög÷�ú��¨÷`ô?U;ôR÷`ú���ög÷��¨ú��(ôRþ#F÷`ú �RôRý�ôR÷`ü�.Ó÷`ô�ý��(ý��RúTûPü�÷`ögôR÷E-�ûPüRø�%Rþ<;
þT÷`ø�0 ��þTö��¨ö���ôªögôRôR÷`úTü��(ø���÷`ögôR÷�þ��2
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