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Abstract

The aim of this project is to develop an
electromagnetic linear actuator integrated
with position sensing and braking function.
Based on the chosen actuating principle and
the clamping form the entire structure and
controlling system are designed and realized.
For studying its movement modal and

characteristics experiments and finite element
analysis are carried out. The stroke of the
actuator is influenced directly by driving
voltage. The positioning precision is decided
by minimum stroke and heat effect of coils.
There are several characteristics that
differentiate the new developed
electromagnetic linear actuator from its
traditional counterparts. These are: (1)
integrating actuating, position sensing, and
braking function in an actuator, (2) position
fixing without energy supply, (3) variable
stroke, and (4) changing movement modal
easily by changing the controlling program
etc.

Keywords ¡G  electromagnetic linear
actuator, inductance principle, radial
clamping tube, functional integration
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Ã­©T©Êµ¥̄SÂI¡C¥HÂX®i¹qºÏ¦¡½u©Ê­P°Ê¾¹
¦bºë±K̈ t²Î¤§¹B¥Î¼h­±¡C

¤T¡Bµ²ªG»P°Q½×

¥»¬ã̈s©Ò¶}µoªº·s«¬­P°Ê¾¹¬O±N­P
°Ê¡B¦ì²¾¶q́ ú»P̈ î°Ê¤TºØ¥\̄ à¥H¥\̄ à¾ã¦X
¤è¦¡³]­p¦b¤@­Ó¹qºÏ¦¡½u©Ê­P°Ê¾¹¤W¡C­P
°Ê»P¦ì²¾¶q́ ú¥\̄ à©Ò̈Ï¥Îªº¦@¦P¤¥̧ó¬°
¶b¦V±Æ¦C½u°é²Õ»P̈ ä¬ÛÃö¾ÉºÏ¤¥̧ó¡C½u©Ê
­P°Ê¥\̄ à§Q¥Î½u°é³q¥Hª½¬y©Î§CÀW¹q¬y
²£¥ÍºÏ³õ§l¤O©Î¥¤̧O³y¦¦̈w̧ m¦b½u°é¤¤
¨ã¦³̄S©wºÏ·¥¤§ºÏ¥Û²£¥Í½u©Ê¦ì²¾¹B
°Ê¡C¦Ó¦ì²¾¶q́ ú¥\̄ à«h¹B¥Î°ªÀW¿EºÏ¤U½u
°é¦]ºÏ¥Û¤§¦ì̧mÅÜ¤Æ©Ò³y¦¹̈q·PÅÜ¤Æ§@
¬°¦ì²¾¶q́ ú̈Ì¾Ú¡C¦Ó¬°¤F­n¦bµL̈ Ñ¹qª¬ºA
®É̄àÃ­©T²¾°Ê¥ó¤§Àþ®É¦ì̧m¡A±N¶}µo¤@­Ó
¹qºÏ¦¡®|¦V§@°Ê¤§§º̈Þ¥H§¦̈í½u©Ê²¾°Ê
¤¥̧ó¡C¬°¤F¹F̈ ì¥H¤W¤§­n̈ D¡A¶·±N̈ ã³Æ­P
°Ê»P¶q́ ú¥\̄ à¤§½u°é²Õ»P§À̈Y¾ã¦X¦b¤@
°_¡A¦Ò¶q̈ t²Î¤§Â²«K©Ê¡B¹ïºÙ©Ê¤Î¹B°Ê¤§
¶¶ºZ¡A±N§â¤@­Ó­P°Êµ²ºç m©ó¤¤¥¡¡A¦b̈ ä
¨âºÝ¦U³s±µ¤@­Ó§«̈ù¾÷ºc¡A¦Ó¦­̈P°Ê¾¹¾ã

¦X¤§¥DÅé¬[ºc¡A¦p¹Ï1©Ò¥Ü¡C

¹Ï1¡GÁÅ̀é¬[ºc¹Ï¡C

Á`̈ t²Î¤À¬°µ²ºc¤Î±±̈î¹q̧ ô̈â­Ó³¡
¥÷¡Aµ²ºc³¡¥÷¦A²Ó¤À¬°­P°Ê¾¹µ²ºc»P§«̈ù
¾÷ºc¡A±±̈î¹q̧ ô³¡¥÷«h²Ó¤À¬°ÅX°Ê³æ¤¡̧B
¦ì²¾·Ṕ ú³æ¤¡̧B±±̈î³æ¤¥̧H¤Î°Ţ ¹³B²zº[
¿ï¾Ü³æ¤¡̧C­P°Ê¾¹µ²ºc­P°Ê°£¤F½u°é¤Î¥i
²¾°Ê¥Ã¤[ºÏ¥Û¥~¡AÁÙ»Ý¦³̄à̈ÏºÏ³õ³Q¥R¤À
¹B¥Î¤§¾ÉºÏ¥~ºÞ¡B«D¾ÉºÏ½u°é¶b¤ß¡B³s±µ
¾ÉºÏ¶ô¥H¤Î¹ï¥~§@¥Î¤§«D¾ÉºÏ¾É±ìµ¥¡C

­P°Ê¥\̄ à

¸g¥Ñ±À¾É¥i±o¡A·í¹qºÏ³õ·¥©Ê»P¥Ã¤[
ºÏ¥ÛºÏ³õ·¥©Ê¬Û¦P¦Ó¥Ã¤[ºÏ¥Û¤¤¤ß¦b¶Z
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¹qºÏ§l¤Oªº¼vÅT¦]̄ À°£¤F¤Ø¤o³]­p̈ M

©w¤§ºÏ°j̧ ôªºªø«×¡BºI­±¿n¡B¾ÉºÏ«Y¼Æ¤Î
Â¶½u°é¼Æ¥H¥~¡AÁÙ¦³½u°é²Õ¤§¾Þ§@°Ñ¼Æªº
ÅX°Ê¹q¬y¤Î¬Û¹ïÀ³¤§¹qÀ£¡BÀW²vµ¥¡C

¹Ï2¡GºÏ¥Û¦ì̧m¡BÅX°Ê¹qÀ£»P¹qºÏ¤OÃö«Y

¨Ì¾Ú¤½¦¡(1)¦bºÏ¤O¼vÅT©Ò¤Îªº½d³ò
¤º¡A¹qºÏ¤OÀ³»P¹q¬y¤j¤pªº¥­¤è¦¥̈¿¤ñ¡A
¥Ñ¹Ï2 (B)¥ï £¡A¦b¦ì²¾¶ZÂ÷2.5mm ¥H¤U
®É¡A¥Ñ©ó¶ZÂ÷½u°é²Õ¤¤¤ßÂI̧ û»·®É¡A¹qÀ£
ÅÜ¤Æ¹ï¹qºÏ¤O¤j¤p̈ Ã̈S¦³¤Ó¤j¼vÅT¡AÅçÃÒ
²z½×±À¾É¡C¦b¦ì²¾¶ZÂ÷2.5mm ¥H¤W®É¡A«h
¥i¬Ý¥X¹qºÏ¤OÀHµÛ¹qÀ£¼W¥[¦Ó¬ù¦¥̈¿¤ñ
¼W¤j¡A¦Ó«D¹ẃ Á¤§¥­¤è¥¿¤ñÃö«Y¡A¥ī à¬O
¦]¬°¦b°ªÅX°Ê¹qÀ£®É¹qªý¼ö·l̄ Óº¥ÁÍ©ú
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Åã¡C
¦bÀW²v1HZ~300HZ ½d³ò¤º¡AÀW²vªº¤j

¤p¹ïºÏ¤OªºÅÜ¤Æ̈Ã̈S¦³¤Ó¤j¼vÅT¡AÀW²v°ª
©ó250HZ ®É¹qºÏ¤O·|¤U­°¬ù10 mN¡A¹ï̈t²Î
ªº¼vÅT̈ Ã¤£¤j¡A¦Ó¾ã­ÓÁÍ¶Õ½u¤]§e²{¥­½w
ªºª¬ºA¡C©Ò¥H¦bÅX°ÊÀW²v¤p©ó250 HZ ®É¡A
¥ç¥i¤j­P©¿²¤ÀW²v¹ïºÏ¤O¤§¼vÅT¡C¦ì̧m¶q
´ú¥\̄ à¤¤¹q·P°Ţ ¹³B²z¾¹©Ò²£¥Í¤§2.5
kHZ ¿Eµo©¶ªi¹ï¹qºÏ­P°Ê¤O¤§¼vÅT¤]¬O¬Û
·í·L®z¡C

ÅX°Ê¹qÀ£±Ä¥Î¤£·|³y¦½̈u°é¹L¼ö¤§®e
³\³Ì¤j¹qÀ£¬°¡Ó2V¡A¹q¬y¤j¤p¬ù0.25 A¡A
¥H¹qÀ£¥¿­ẗ Ó²£¥Í¥¿­t·¥©ÊªººÏ³õ¦Ó±±
¨îºÏ¥Ûªº²¾°Ê¤è¦V¡C¦A¥[¤W¦ì̧m¶q́ ú¥\̄ à
©Ò»Ý¤§2.5KHZ ¿Eµo©¶ªi¡C

¦ì̧m¶q́ ú¥\̄ à

¦ì̧m·Ṕ ú­ì²z¬OÀ³¥Î¾ÉºÏ§÷®Æ¦b½u°é
¤º¶b¦V¦ì̧m¹ï½u°é¹q·P­È¤§¼vÅT®ÄÀ³¡A¹q
·P°Ţ ¹³B²z¾¹¥i±N̈ äÂà́«¬°»P¦ì̧m¦³Ãö
¤§ª½¬y¹qÀ£­È¡C¹q·P­È¤§¼vÅT¦]̄ À¥D­n¬°
Â¶½u°é¼Æ¤ÎºÏ°j̧ ô¤§ºÏªý¡A¤]́ N¬O¾ÉºÏ«Y
¼Æ¡B½u°éºI­±¿n¡B½u°é²Õªø«×¡BÅX°Ê¹q¬y
¤§®¶́T¤ÎÀW²v¡B½u°é¤§¹qªý­Èµ¥¦]̄ À¡Ä ä
¤¤»Ṕ X¦ó¤Ø¤o¦³Ãö¤§ÅÜ¦]³£¤w¦b­P°Êµ²
ºc³]­p®É¤w½T©w¡C

¹q·P°Ţ ¹³B²z¾¹¤§¿é¥X¹qÀ£ªº°_©l­È
¤Î®p­È¡A¤¤ºÒ¿û»s¾ÉºÏ¶ô¤j©ó§CºÒ¿û¤j©ó
ÅKµ·½u¡A¦Ó¹qÀ£ªºÅÜ¤Æ­È¥ç¬O¤¤ºÒ¿û¤j©ó
§CºÒ¿û¡A§CºÒ¿û¬ùµ¥©ó̄ÂÅK¡A¦p¹Ï3©Ò¥Ü¡C
¦]¦¹¤£½×¬O¹qÀ£­È©Î̈äÅÜ¤Æªº¤j¤p¡A¤¤ºÒ
¿û¤ñ̈ä¥L̈ âºØ§÷®Æ³£¤j¤F¬ù0.1V ¥ª¥k¡C°ò
©ó¤¤ºÒ¿û¦³̧û¤jªº¹qÀ£ÅÜ¤ÆÅTÀ³¡A©Ò¥H¿ï
¾Ü¤¤ºÒ¿û§@¬°¾ÉºÏ¶ô§÷®Æ¡C
¡G¤¤ºÒ¿û»s¾ÉºÏ¶ô¤§ªø«×¹ï̈â²Õ¦êÁp½u
°é·Ṕ ú¹qÀ£¤§¼vÅT¥Ñ¹Ï4¥ï £¡A¾ÉºÏ¶ôªø
«×¬°3.9mm ¤Î6.1mm ®É¡A¦³¹ẃ Á¤§¥[¦Ã̈ö
«Y¡A·í̈â­Ó½u°éªº¤¤¤ß³¡¦ì³£¦³¾ÉºÏ¶ô
®É¡A¿é¥X¹qÀ£¹F³Ì¤j­È¡A¦Ó·í¾ÉºÏ¶ôªø«×
¤j©ó½u°éªø«×8mm ¥H¤W®É¡A¹q·P°Ţ ¹³B²z
¾¹¿é¥X¹qÀ£«h¦³¤@©w¤§·¥­­¡A¦Ó§Î¦¦̈±½u
¤§°ª­ì¥­©Z³¡¥÷¡C·í¾ÉºÏ¶ô¶Vªø¡A¹¡©Mªº

¥­©Z³¡¥÷́N·|¶Vªø¡A¦Ó¾É­P¿é¥X¹qÀ£»P¦ì
²¾¤§«D½u©ÊÃö«Y¡A¦ÓµLªk½Tª¾¹qÀ£­È»P¦ì

¸m¤§Ãö«Y¡C

¹Ï3¡G¾ÉºÏ¶ô§÷®ÆºØÃþ¤Î¦ì̧m¹ï³æ²Õ½u°é
·Ṕ ú¹qÀ£ÅÜ¤Æ¡C

¹Ï4¡G¾ÉºÏ¶ô§÷®ÆºØÃþ¡Bªø«×¤Î¦ì̧m¹ï½u
°é·Ṕ ú¹qÀ£Ãö«Y¡C

¨î°Ê¥\̄ à

±ý¹F¦¨̈î°Ê¥\̄ à©Ò»Ý¤§§«̈ù©MÄÀ©ñ¤§
°Ê§@¡A¤¥̧ó°ţ m¦p¹Ï5 ©Ò¥Ü¡C§Q¥Î½u°é²£
¥Í¤§¶b¦VºÏ¤O§l°Ê¥ª¥kºÝ̈â­Ó̄à°÷¦b¶b
¦V²¾°Êªº¾ÉºÏ¬W¶ë¡Ä Ï̈â­Ó¾ÉºÏ¬W¶ë²£¥Í
¬Û¹ï¦ì²¾¦Ó±µªñ¡Ä ÃÀ£ÁY̧ m©ó¾É±ì¤Wªº¼u
Â®̈Ï̈ä¤º®|ÅÜ¤j¡A¦Ó̈Ï­ì¥ý³Q§º̈ò¤§¾É±ì
¦]¦Ó³QÄÀ©ñ¶}̈ Ó¡C¦b½u°éµL³q¹q±¡ªp¤U¡A
¾É±ì³Q¼uÂ®ªº¤º®|§¦̈í¦Ó«O«ù©T©wªºª¬
ºA¡C

·í¥~ºÞ̈Ï¥Î¾ÉºÏ§÷®Æ®É¡A¤£ºÞ³q¹L½u
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§@¥Î¤O¤è¦V§¡¬°©¹¥~¤§¥¤̧O¡A¦]¦¹¥»§«̈ù
­ì²z¤¤¥~ºÞ¤£¥i±Ä¥Î¾ÉºÏ§÷®Æ¡A¦p¹Ï6©Ò
¥Ü¹êÅçµ²ªG¡C¥~ºÞ±Ä¥Î«D¾ÉºÏ§÷®Æ®É¡Aª½
¬y¹qÀ£6V¡]¬ù0.4A¡^̄ à²£¥Í¤§ÄÀ©ñ¤O¬ù¦b
1000~1400 mN ¤§¶¡¡A§«̈ù¼uÂ®­è©Ê¤]̧ g¾A

·í³]­p¥i¹F̈ ì¥¿±Ä̀À©ñ³Q­P°Ê¥ó¤§¥\
¯à¡C

¹Ï5¡G̈ î°Ê§«̈ù¾÷ºc¤¥̧ó°ţ m¡C

¹Ï4¡GÅX°Ê¹qÀ£¡B¦ì̧m»P¹qºÏ¤OÃö«Y
(a)¥~ºÞ¬°«D¾ÉºÏ§÷®Æ (b)¥~ºÞ¬°¾ÉºÏ§÷®Æ

¥|¡B­pµe¦ª̈G¦Ûµû
©Ò¶}µo¤§¦h¥\̄ à¾ã¦X«¬½u©Ê­P°Ê¾¹̈t

²Î©Ê̄à́ú̧Õµ²ªG¦p¤U¡GµL¥~¥[­t²ü¤U¤§³Ì
¤jÅX°Ê¤O¬°20 mN¡F³Ì¤j¦ì²¾¦æµ{¬°41
mm¡F³Ì¤p¦ì²¾¶q¬°0.5 mm¡F³Ì¤j¦ÛÂê»Pª¦

¤É̈¤«×¬Ò¬°90¢X¡F©w¦ìºë«×¬ù¬°1.0 mm¡C
ºîÆ[¥»¬ã̈s¦b¾Ç³N¤Î¤u·~¤W¤§°Ä̂m¦p
¤U¡G
1. ±N­P°Ê¡B¦ì²¾¶q́ ú»P̈ î°Ê¤TºØ¥\̄ à¾ã

¦X©ó¤@­P°Ê¾¹¤¤¡C
2. Åé¿n±K½o¤Æ¦a±N©Ò¦³µ²ºc©ñ¤Jª½®|

6mm¡Aªø150mm ¤§¶ê¬WÅé¤º¡C
3. µL̈ Ñ¹qª¬ºA¤U¥i«O«ù¦ì̧mÃ­©T©Ê¡C
4. ²z½×¤W¥i¹F¦µ̈L¬q¦¡¤§¥iÅÜ̈B¶i¶q¡C
5. ¥i¥Ñ±±̈îµ{¦¡»©́ö§ïÅÜ¹B°Ê¼Ò¦¡¡C
6. «Ø¥ß¤@®M¦h¥\̄ à¾ã¦X«¬½u©Ê­P°Ê¾¹¤§

¨t²Î¤Æ³]­p¶}µo¬yµ{¡C
¥»¬ã̈s­pµe¦p­ì¹ẃ Á³Wµe§¹¦¦̈h¥\

¯à¾ã¦X«¬½u©Ê­P°Ê¾¹̈t²Î¤§³]­p»P»s
§@¡A¤]¥H¦UºØ¹êÅḉú̧Õ¤è¦¡§¹¦¥̈²­n̄ S©Ê
´ú̧Õ¡A¦P®É¤]±À¾É¥X²z½×¤ÀªRµ{¦¡̄à°÷¬Û
·í¦³®Ä¥B·Ç½T¼ÒÀÀ­P°Ê¾¹̈t²Î¤§¹B°ÊÁÍ
¶Õ¡C
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