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ḹ♠ ּ̆ת 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

ừ  Ḑ  

EtherCAT® ḓ Safety over EtherCAT®╘ Ữ  ḓ ͙ὥᴛ ӮᴜӇ‡ ▓╖ᶒ, Beckhoff Automation 

GmbH, Germany⁄ ʺӇ‡ ▓ѻ. ╪ ⁄ ѻᵐ ּתᶘ╙ Ⱡ3▫ʺ Ợ↔ Ѥ ˦╘ ἵ┬▫╥ ̾ᵙᵑ 

 ὡ ▓ѻ. 

ṥ╩ 

ᶷἌᵑ ל╥ ͤ˭ ủ ̆ ▓ѻ. Ἄὥӈ ͙ὥ╘ ϝ▐′╪ ˌḛ ַא⁄ й⁴▓Ѥҥ, ᶷἌʺ ▀̖♠╬ Ἓѫ 

ҥ╪ Ѥ ѻᵐ Ἓ֞ ר͙ , ө╙ ─  ᶛӧ ˿↕╥ ὡᵑ ╬ ᶣ תּ ͙ ԅᶷ⁄ ↕ᵙѤ …Ⱡӧּת 

ᵭ˭ ṉ˿ ҵᴜ ┬ּתṒὡ  ˦╪ѻ. ṉҿỢ  ′╪ ╪Ḉ ͕̑ӈ ᶹ ө╘ ṕ ᶷἌ Ό╥ ҥ╪ , 

ѻ╪‡͎̓ע ἒᶘ╙ ḕ ╖ᴛ ᵣө‡ⱨ ▓ѻ. 

♄■̻ 

©  EtherCAT Technology Group. 

ṕ ᶷἌ╥ ṓỢ, ṪḤ ḓ Ợ↔ ֞Ѥ ʺ ′╪ ѻᵐ ╪⁄˭ ̕ᴐӈ Ͽ↔ ♣ Ѥ ─Ѥ ּ͔תӈѻ. 

─ḹ▫Ѥ Ḷ͔╙ ᶹ‡‒ Ѥ ḹ♠ ▐╙ ֿבѻ. ᶛӧ ̾ᵙѤ , ┬ ᵙ  ᶛҨ ֞Ѥ Ӱ▫╬ 

www.ethercat.org⁄ ἵ┬Ӈ‡ ▓ѻ. 

http://www.ethercat.org/
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1 Ἁᶴ 

ӈ ᾐ ͙ὥ╘ ᾎẄ Ḥἐ ╬  ₮ᴛ ⁷˺ӈ ͙Ⱶ╥ ӥḲᾅ(passive wiring infrastructure)ג

ẋ̪  Ṓ ╙ ԅ, ⁴ױ ╪♩╪ ▓̆, ◑╥ ụ‰⁄Ἄ  ẋַתּ ╙א ₄ѻѤ ˦╙ ּשᶘ ₵ѻ. 

EM Я╪ּנ⁄ ҍ  җ Ϯ╘ ϿἛ╘ ╪җС ♣Ἶ ͙ὥ╥ ‡-ӎ- ‡(peer-to peer) ́̕ ḓ  ╪ẇ╥ 

Ợ↔⁄Ἄ ╪ө╥ ἒᶘ╙ ╙ ὡ ▓ѻ. ╪ ♬ө╘ ♬ ᵠ Ữ⁄Ἄ ₡ᵆᵑ Ṫᵙ ̆, ḛᾐ▫⁄˭ 

ὡᾐ▫╥ җ Ϯ╘ ♠↔╙ ʺѫ ˭ ѻ.  

̆♬ ᵠ  ᶛѱ ᵠ(permanent link monitoring)╘ ּ⁷′ת╪ ᾒᾎʼ╖ᴛ ◄ᶣӈ ̯Ἓ⅝ἵө╙ ╙ ὡ 

▓˭ ҵ₮רѻ. 

EtherCAT ̯Ἓ⅝ἵө╘ ᵠ  Ἓ ּת ᵑ ʺּ̆ת ▓ѻ. ᾔּת‡ Ḥἐ ᶷⱠѤ ♬ ҵ̯ ′╪ ẙᵙ ᾏṊ 

ʺѫ ѻ. ᵡᾅ Ѥ EtherCAT ᾈᴆ╪Ẅө Ό⁄ ᵣө‡ֿב ₡ᵆ ⇔ ө╙ ↔  ὡ ▓̆, ♬Ữ ҿ▬ ᾎ 

‡Ԏ  ʺ ▓җגҵ ẖᵎ˭ ḙ╞ ѻ. 

ױ╪  ╪┬ᴛ, ̆ʺ╥ ╪ẇ ֿבѾ ֞Ѥ ὡר и╘ ᾅ  ♥ ʺ ⅝ ′‡Ɑѻ. ͎ױϮ ▀Ṩ ♬ө╘ 

╪ẇ ἒ ᶣ תּꜜ ₮  ˿ ⱳˠ⁄Ἄ ḛỸ Ѥ ₡ᵆ, ◄ᶣӈ ̯Ἓ⁄ ╥  ᶷⱠө╙ Ḣּת Ѥҥ ҵ∑╙ 

 .ὡ ▓ѻ ת

ṕ ᶷἌ╥ ♬Ṓө╘ ╪ẇ ἒ ⁄ ̕  ♬ ▫ҿ  ᾎᾅ ╥ ʺ♠╬ Яᴏ̓ ᾐᴧἛ Ữ Ợ╪╥ 

₤ḕᵐ ͌ ╙ ╙ ὡ ▓˭ ╪Ϝѻ. 

ṕ ᶷἌѤ Л ˌ╥ ל⅝ ἝἪ╖ᴛ ̯Ἓӈѻ.  

¶ EtherCAT ͙ṕ: EtherCAT Л √ ╥ ╪ ₮ ̕ᴐӈ ͙ὥ♠ ︣╥ ʼѾ  ἒᶘ╙ Ⱡ̑ ѻ. 

¶ ́ : ̰Ⱡ ᶘᾎӈ ⱳ₮ Ζ EtherCAT ͙ὥ ͙ḙ╥ ụ‰ ᾐ Л ⁄ר √ ᵑ ̯Ữ Ѥ 

∟תּ ╙ѱ‡өתּ Ѥ ᶜ♠╪ѻ. 

¶ ⱳᵞ: ♣ ͙  Ό╙ ͙ ḙ╖ᴛ EtherCAT ᾐ Л √ ᵑ ̯ Ѥ ͙ ὥ▫ө╙ ּת∟ Ѥ c ♠╪ѻ 

¶ ḈἨѹ: ₤ḕᵐ ἒ ᵑ ╬ ̆ EtherCAT ͙ὥ ͙ḙ ụ‰ ᾐ Л √ ╥ ▬ҿ╙ ♩ˤ Ѥ 

ꜙ Ợ↔▫ ֞Ѥ ͙ὥ▫ө╙ ּת∟ Ѥ ᶜ♠╪ѻ. 

ṕ ᶷἌѤ Ợ‚ ֞Ѥ ѻᵐ ETG ᶷἌᵑ ҍ ͙ ─ ╪ ῷѱѻ. EtherCAT Л √ ╥ ἒ  ᾎ ̆ᴎ ‒ 

 ᾒ♠╬ ♬Ṓᵑ Ⱡ̑ ╪ ᶜ♠╪̆, ETG ἒᶘ ᶷἌᵑ ṒΌ ͙ ─ ╪ѻ. 

ṕ ᶷἌѤ Л √  ̯ ╪Ϯ Ἓѫ⁄ ₅ Ѥ ᶔ╙ Ἄὥל ╙ ᶒ, ╪Ѥ EtherCAT ͙ὥ╙ Ṫ  

Ἄὥ ѻ̆  ὡ ′ѻ. EtherCAT ͙ὥ⁄ ̕  ₰Ṉ  ♬Ṓᵑ ─  EtherCAT Technology Group ̓ 

EtherCAT ᴐ ▓Ѥ ˦ө╪ Ợ‚̓ ᶷἌᵑ Ⱡ̑̕ ̓ר ѻ. 
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2 Ɑ 

ῷמ ⱳӈ ᶷἌѤ ṕ ᶷἌ╥ ♠↔╙ ─  ′‡ἌѤ Ό ӇѤ ˦╪ѻ. ϳ ʺ ♠  ▓Ѥ ⱳ ᶷө⁄ 

ҍ ⁴ ╬↔ӈ ὡ♬ṕ ᵣ╙ ♠↔ ѻ. ϳ ʺ ♠ Ώ╘ ⱳө⁄ ҍ תּ▓  ⁴ ⱳӈ ᶷἌ(ˌ♬ṕ 

)╥ ᵡּתᵢ ὡ♬ṕ╙ ♠↔ ѻ. 

ETG כ 

[1] ETG.1000.2: Physical Layer service definition and protocol specification 

[2] ETG.1000.3: Data Link Layer service definition 

[3] ETG.1000.4: Data Link Layer protocol specification 

[4] ETG.1000.5: Application Layer service definition 

[5] ETG.1000.6: Application Layer protocol specification 

͖  Ɑ 

[6] ISO/IEC 61918: Industrial communication networks ï Installation of communication networks 
in industrial premises 

[7] ISO/IEC 61784-5-12: Industrial communication networks ï Profiles ï Part 5-12: Installation of 
fieldbuses ï Installation profiles for CPF 12 

[8] ISO/IEC 11801: Information technology ï Generic cabling for customer premises 

[9] IEC 61076-2-101: Connectors for electronic equipment - Product requirements - Part 2-101: 
Circular connectors - Detail specification for M12 connectors with screw-locking 

[10]  IEC 61754-4: Fibre optic interconnecting devices and passive components - Fibre optic 
connector interfaces - Part 4: Type SC connector family 

[11]  IEC 61754-24: Fibre optic interconnecting devices and passive components - Fibre optic 
connector interfaces - Part 24: Type SC-RJ connector family 

[12]  IEC 60603-7-3: Connectors for electronic equipment - Part 7-3: Detail specification for 8-way, 
shielded, free and fixed connectors, for data transmission with frequencies up to 100 MHz 

[13] EN 50174-2: Cabling installation ï Part 2: Installation planning and practices inside buildings 

[14]  EN50288-2-1: Multi-element metallic cables used in analogue and digital communication and  
control - Part 2-1: Sectional specification for screened cables characterised up to 100 MHz - 
Horizontal and building backbone cables 

[15]  EN50288-2-2: Multi-element metallic cables used in analogue and digital communication and 
control - Part 2-2: Sectional specification for screened cables characterised up to 100 MHz - 
Work area and patch cord cables 

[16]  EN60793-2-10: Optical fibres - Part 2-10: Product specifications - Sectional specification for 
category A1 multimode fibre  

[17]  EN60793-2-50: Optical fibres - Part 2-50: Product specifications - Sectional specification for 
class B single-mode fibres 

[18]  ANSI/TIA-568-C: Generic telecommunication cabling for customer premises 
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3 ↑„, ♩╢ Ḑ ѻ„ ↑Ḷ 

3.1 ↑„ Ḑ ♩╢ 

ETG.1000 ᾎᵙּנ╥ ↔‡ ḓ ♬╥Ѥ Ṋҵᴛ ♬╥ӈ ˿↕ᵑ ⱠΩ ̆ ₰Ṉ  ┬ ѻ. 

3.2 ѻ„ ↑Ḷ: shall, should, may, can 

óShallô╪ה Ѿ‡Ѥ ₡ ╬ ╙ר ̆′ ʺ ͙ ─  ӻג₡Ѥ ˆ  ╥ᶴ♠╬ ⅝̯ᵑ ᶘᾎ ѻ (shall╘ 

ó⅝̯ӈѻô₮ ˉ╘ ᵦ╪ѻ). 

óShouldôה Ѿ‡Ѥ ⁴ױ ╥Ḉʺ ʺѫ ҥ, ϮѤ …͕  ˦╙ ֞Ѥ ῷѳ ˦ө╙ ⱠΩ ̆ ῼᵭ˭ ♠҉  

˦╙  ԅ╪̆, ֞Ѥ ᶴⱳˠ  ⅝Ѥ ′ּתᵣ ᾒ  ̓♬╙  ԅ Ợ↔ ˞Ϯ, ͔͙ӈ Ợ ╘ 

ῷѱϮ ḙҍ  ԅ Ợ↔ ѻ (óShouldôѤ ó̾◑ ѻô₮ ˉ╘ ᵦ╪ѻ). 

óMayôה Ѿ‡Ѥ ▀ḙ♠╬ Ⱡ  Ợ  Ό⁄Ἄ ҿ╥ ̓♬╙ ד Ѥ ᶜ♠╖ᴛ Ợ↔ӈѻ (óMayôѤ 

óʺ ѻô₮ ˉ╘ ᵦ╪ѻ). 

óCanôה Ѿ‡Ѥ ᶹֿפ, ᶹᵙ ֞Ѥ ∟╬╥ ʺѫἛ╪Ϯ ⁴ᴏ Ữ ᵑ Ϯ Ђ ԅ Ợ↔ ѻ (óCanô╘ ó  ὡ 

▓ѻô₮ ˉ╘ ᵦ╪ѻ). 
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4 EtherCAT ͖Ḗ 

4.1 И −  ̬Ἐ  

EtherCAT Л √ Ѥ Ϯ╥ ᵡᾅ ₮ Ϯ ╪Ữ╥ ᾈᴆ╪Ẅᴛ ̯Ἓӈѻ. 

¶ ᵡᾅ  ᶔ⁄Ἄ, ר Л √  ‡Ғ Ѥ ӥ≢‡ Ѿ́⁄Ἄ ̯  ʺѫ ѻ. 

¶ ᾈᴆ╪Ẅ ᶔ⁄Ἄ, low-level time-critical ͙ѫө╘ EtherCAT ᾈᴆ╪Ẅ ᴞױ(ESC)ᴛ 

ṬᵙѤ ӥ≢‡ ̯Ἓ⅝ἵ⁄Ἄ ̯ ӈѻ. 

ᾈᴆ╪Ẅ ◑ ө╘ 16 ẋ ἵ ₅⁵╖ᴛ ҉Ӈ‡, EtherCAT Лל  √ ⁄ ⁷˺ӈ ᾈᴆ╪Ẅ ὡʺ 

ѫʺ תּͥˌ65535 ѻ (͎ᵝ 1). 

 

 

͋ᵚ 1: EtherCAT И − › ⁴˷Ӆ ᾅᴃ╧ẁ Ὕ 

 

4.2 ᶶᵖ ᵭ   

EtherCAT╘ ѻᵐ 3ˌ╥ ᶹᵙ ᵰ ᵑ ּת∟ ѻ. 

¶ 100BASE-TX, 100 Mbit/s ̯ᵙἐ╖ᴛ ♣ ╪ַא ♣Ἶ(100mּͥת ʺѫ) 

¶ 100BASE-FX, 100 Mbit/s ̛ ἕ┬ᴛ ♣ ╪ַא ♣Ἶ(ὡ kmּͥת ʺѫ) 

¶ LVDS, ḥ ᴆ╬ ⁷˺⁄Ἄ╥ 100 Mbit/s ♣╪ַא ♣Ἶ 

▀Ṩ ESCѤ ANSI/TIA/EIA-644⁄ ӻג ᵰ↕ ╘ ḥ ᴆ╬ ⁷˺⁄Ἄ ♣╪ַא ♣Ἶ╙ ─  LVDS ͙ḙ╥ 

ᶹᵙ♠ ᵰ ᵑ ּת∟ ѻ (₉: ᶛӢᾏ I/O ᾎᾅ ). 

Л √  Ό⁄Ἄ ṉ˿ӇѤ ᶹᵙ ᵰ  ὡ⁄ Ⱡ ╪ ′ѻ (͎ᵝ 2). 
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͋ᵚ 2: EtherCAT ᶶᵖ ᵭ  

 

4.3 ᴘּק 

EtherCAT╘ ג╬, ҥ╪ּת ╬, ᾅ  ֞Ѥ ᵙ Ӯ ѻ‚  ᴛּתᵑ ּת∟ ѻ (͎ᵝ 3). 

 

͋ᵚ 3: EtherCAT ᴘּק 
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ҿ͙  ♬ҵ, ♣  ḓ ᵙ ּ⁷ת ֞Ѥ ἵ͙לᾎʼ̓ ˉ╘ Л √  Ἓѫ╘ ♬ ᴛּת ́₮ 

Ҷᵞ♠╖ᴛ ṪᵙӇ‡ ▓ѻ. 

4.4 ᵝ →ׇ ▄Ḑ ᴃ קּ   

ESCө╘ ϿṨ♠╖ᴛ Л ˌ╥ ᾐ ᵑ ּת∟ Ѥҥ, Ἄᴛ ᵠ╥ ᴛ ⁷˺Ӈ‡ ▓ѻ (͎ᵝ 4): 

 

͋ᵚ 4: ESC ῶ ϼṥ  ̬Ɑ 

 

◓Ϯ ◓ᾎ▬ ӈ , ᾈᴆ╪Ẅ Ợ╪⁄ Ⱶ˞תּ ╪∟♣ Ѥ ⁷˺⁄ ӻג, ѻᵐ ◑ ⁄ ᶹᵙ♠╬ ⁷˺╪ 

ˁּתӇᶔ ᵑ ⁸̆, ѿ  ▓Ѥ ҿΌ ᶹᵙ♠╬ ⁷˺╪ Ϯ ϱѻᶔ ӥ≢‡ ᴆṁ╥ ᾈᴆ╪Ẅ ◑ ⁄ 

╥  Л √  ᴛּתʺ ▫ҿ♠╖ᴛ ᵣө‡ֿבѻ.  

♣͙♠ ᾐ ᵑ Ḣ  ὡ ▓Ѥ ᶛӧ ˿↕(Ὅ–, ḙỢ, EMC Ḣ )ʺ ḛỸ җגҵ, ӎ ◑  Ợ╪⁄ ᶹᵙ♠ 

⁷˺╪ Ỹ͙ᶔ, ӎ Ӱḕ╪ᾅѤ Ḛ╘ ᾔṖ ᾎ ᾅᵑ ♬ ˭ ╙ ὡ ▓ѻ (͎ᵝ 5).  
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͋ᵚ 5: ᶶᵖ♅ ᵝ  Ἇ♩ 

 

╪ҿᾏ М ʺ ▓Ѥ ᶛӧ ᾈᴆ╪Ẅ Ѥ ╬─♠╖ᴛ ᶹᵙ♠ ⁷˺ Ữ ᵑ Ϯ ϿѤ ᵠ /  ẋ  

(L/A) LEDᵑ Ⱡ̑ ѻ: 

¶ L/A LED Ί︠: ᶹᵙ♠╬ ⁷˺╪ ′╛ 

¶ L/A LED ︠: ᶹᵙ♠╬ ⁷˺╘ ▓ּתᵣ Л √  ♣Ἶ╘ ′╛ 

¶ L/A LED ͫḖ▐: ᶹᵙ♠╬ ⁷˺̓ Л √  ♣Ἶ ᶛӎ ▓╛ 

͎ᵝ 6╘ ᾈᴆ╪Ẅ Ӱḕ╪ᾅ Ό╥ ӥ≢‡ ⁷˺̓ ⁷˺Ữ  Ợ╪╥ ́̕ᵑ Ṓ⁴לѤ ӎ ʺּת ˿↕╪ѻ. 

 

 

͋ᵚ 6:  ừ ₫ ᶶᵖ♅╩ ⁴˷ 
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♬ӈ ᴛּתᴛṨ  Ҷᵞӈ Л √ Ѥ ϿṨ ESC ̯ⱳ⁄Ἄ Ữ бᵙᴴ  ∟ᵙ⁄ ӻג ▬ҿ ѻ: 

ᵡᾅ ᴛṨ  ṒϿֿב ᴆ▐ө╘ ᾈᴆ╪Ẅ⁄Ἄ ᾈᴆ╪Ẅᴛ ♬ ἾӇ̆ ѻᾎ ᵡᾅ♣ גὣἌ⁄ ӻ בֿ ᴛ 

ҹῷ₣ѻ (͎ᵝ 7). ╪ ὣἌѤ ⁷˺ӈ ӥ≢‡  ⁷˺⁄ ╥ Ἄᵣ ˺♬Ӈ̆ ἵ ≢‡ ҉ 

ᶉ ѱּצ╘ Ṋҵᴛ ⅝  .Ώѻ תּ

 

͋ᵚ 7: EtherCAT ᴃ▄ ׇ→  

 

4.5 On-the-fly ᴘἚᾔ 

ᴆ▐╪ ESC ᵑ  ♣ҀӉ ԅ On-the-fly ᴛ ֿב ӈѻ: Ѿ▀ ẋ  ֞Ѥ ḕ╪  ♣ ╥ ᾎ ᾅѤ 

ҿᴏ ♠╖ᴛ Ӈ̆, ♇◑╪ ⅝ ˞Ϯ ♣  ᴆ▐  ᴛἝᾗ ′╪ EtherCAT ᴛἝᾗ 

┬Ѹ╪גѤ ˦╙  ᴆ▐⁄ ừ░ӈѻ (͎ᵝ 8). ͎ױḃᴛ ἵ ≢‡ ᾅ ╥ ᴛἝᾗ╖ᴛ ╬ ⁴, 

Л √  Ữ╥ ӥ≢‡ ♣ ₅ ╘⁷תּ  ╙ Ḛּת ΏѤѻ. ʻʻ╥ ESC Ό⁄Ἄ ‚ Ḣ  ♣Ҁ ּ⁷ת╥ ⁄ 

ҍ  :ѻˉ ₮מῷ ╘˃ ר͙ 

¶ ~ 1 µs: ♠‡ҵ Ϯ╥ 100BASE-TX ֞Ѥ 100BASE-FX ᵑ ּת∟ Ѥ ᾈᴆ╪Ẅᵑ ─   

¶ ~ 300 ns: ₡ֹו LVDS ᵣ╙ ּת∟ Ѥ ᾈᴆ╪Ẅᵑ ─  

 

 

͋ᵚ 8: ESC ϼ on-the-fly ᴘἚᾔ 
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5 ̬  

͙́ ֞Ѥ נ  Ό╥ ᾐ ╬ ̯ ╥ג Ḹ─Ѥ ▬ҿ ⱳˠ⁄Ἄ ◑ ө ʼ╥ ₡ᵆ ′Ѥ ҥ╪ ᵑ 

Ṓּש ͙ ─  ̾◑ Ѥ ᶛӧ ᾒ ᶔ╙ Ợ♣⁄ ♬╥ ‒ ѻ. ̯ Ѿ́╥ ˺̓⁄Ѥ ◑  ʼ ᶛӧ 

Ữ ♪ἶ╪ Ϯ⁸Ӈ‡‒ ѻ. ʻʻ╥ Ữ ♪ἶ╙ ─ , ᶛӧ ̕ᴐӈ ᶔө╘ ╪ẇ ג↕ ╥ ⅝Ἓ̓ 

Ζ, Ữ╥ ₮╪‡ᵠ ‚Ữ̓ ᾒ  ᾐ ֿפᴆṁ╙ Ṓּש ͙ ─  ⅝  ҿө╙ ᶛӎ ˺♬ ‒ 

ѻ. ̯Ἓ⅝ἵ ᵙᾅ , ᵙᾅ ₮ ᾎ ᶜө╪ ̯ Ѿ́╥ ʺ♠╬ ˺̓ᶹ╪ Ӊ ὡ ▓ѻ.  

5.1 ˼ Ɑ˝ 

ᾐ ╬ ̯ ╥ג ╙ ─ , ͙́Ϯ נ ⁄ ̕  ˿ ⱳˠ⁄ ̕  ♬  Ѥמᾏ╪ ⅝̯ӈѻ. ῷתּ 

̕ᴐ ᶔ ▓ѻ: 

¶ ╪ẇᵠ, ͝╪, ḿӹ̓ ╪ẇ ┬ ╥ ᴆ╪ῷ∕ 

¶ ♣Ἶ˿ᴛ Ό╥ М , ḈӰ‡ Ḳ  ͎ᵙ̆ ╬  Ἓ⅝ἵ̯ ג

¶ ◓ ♣ᴏ ╪ẇ, ᶛ , ♣ᴏ, ̛∟, גӰ₡ ל ὡ ♣Ἶ͙⁄ ╥  ˺♬ӇѤ ♣▫Ἓ ⱳˠ 

 –ҿ, ˶̓ ˉ╘ ͙́♠╬ Ⱡבֿ ,Ѥ ṨṪ, ♣ᾏ ̯Ἓ⅝ἵ, ◑ᴏ╪וֹ∑ ¶

¶ ▬ҿ ₣ҵ╥ ҍ, ἵ 

¶ ᶹ, ᶀּת, ṨᾏⱠ₮ ˉ╘ ♠ ˿ 

MICE ╥ IEC 61918 ͙ ,░בֿ ,͙́)Ό⁄ Ἄὥӈ MICEר ₮ ♣▫Ἓ)╥ ҵ∑̓ ˉ╪ ᶙᶙ╥ ˿ 

ⱳˠ╙ Ṫᵆ Ѥҥ ┬↔ ѻ. ╪ ˿ ⱳˠө╘ ♣Ἶ ֿפ╙ Ṓּש ͙ ─  ̯Ἓ⅝ἵ ἐ Ỏᵣ ῷѱג 

╪ẇ ג↕  ֞Ѥ ♬ ⁄ ₅ ♣ ,⁄ԅᶷ ͙ל ╙  ̯ Ѿ́ Ữ⁄Ἄ ₀ӎ  ӎ‡‒ ѻ. 

ᶘᾎӈ ˿ⱳˠ⁄ ӻג, ̯ Ѿ́⁄Ἄ ֿפ ὡ ▓Ѥ ╪♠ ▬↔╥ ₉Ѥ ῷמ₮ ˉѻ: 

¶ ╪ẇ ˿ᴛ╥  ͝╪ ╬ 

¶ Ữ╥ EM ˿╙ ╬ᾏ ̆ ͎⁄ ᵭѤ ♠♥  Ṓ ́  

¶ ˿ⱳˠ⁄ ҍ╞  ᶛӧ ̯Ἓ⅝ἵө( ╪ẇ )╥ ↔ӈ ₣ҵḸ─ ╬  

¶ Ӱḕ╪ᾅ⁄ ♠♥  IP Ṓ  Ӯ͕ ἐ  

¶ М ⁄ ♠♥  IP Ṓ  Ӯ͕ ἐ  

¶ ᶀּת, ԅ,   ᴛṨ  Ṓ ͙ ─  ♠♥  ╪ẇ  ᵙ ᾎᾅ  Ợ↔ 

¶ ─    ⁄ ҍ  ♠  Ṓ  ╬ 

¶ ҍ ὡ↔ ˃╙ Ḻ‡ϱ ╪ẇ╥ ͙́♠  Ḗ╙ ̆, ͎⁄ ᵭѤ ♠♥  Ṓ  ́  

¶ …Ⱡגҵ ḛỸ ʺѫ  ҿ╥ ὡ Ⱡ̑בֿ 

¶ ΩṨ ‡ ᵙ ╪Ἢ╥ ˿↕, UV ♇  ╪ẇ ֞Ѥ Ṓ  ὸӥ Ợ↔ ̆ᴎ 

תּ ¶  ̑ʼ ֞Ѥ ө╪ ∑ֹו╪Ѥ ˿↕, Ṋ Ⱡ▬ӈ ╪ẇ Ợ↔ ̆ᴎ 

5.2 ᴘּק ♩╢ Ḑ ◌ ╢ ḡ  

ₓᵃ! Ɑ ∙Ṓ╖ ╖ Ὕ ͕… Ἄ⁄.ѸѮᾈ ӭ╪, EtherCAT Л √ ⁄Ἄ Ợ↔ Ѥ ♬ Л √  

ᴛּתѤ Л √ ╥ Ἓѫ⁄ ₅   .ΏѤѻ תּל ╙

₉ᵑ ө‡, ג╬ ֞Ѥ ҥ╪ּת ╬ ᴛּת⁄Ἄ ᾅ ╪ӥ ʺѫ  ◑ ╥ ὡѤ Ⱡ ╪ ′ѻ. ג╬╪Ϯ 

ҥ╪ּת ╬ ᴛּת⁄Ἄ ל╥ ‒  ┬▀  ♩╘ Л √ ⁄ ▓Ѥ ◑ ╥ ♣∟╪ Ίⱨ ▓˞Ϯ 

Л √ ʺ ϝ͙̆, ╪ẇ ╪ַא ᵑ ּת∟ ΏѤ ˿↕ ҉ ѻ⇔ᾅ תּ ᵝ ◑ ⁄Ѥ ᴆ▐╪ ҵҀ  ὡ 
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′ѻѤ ˦╪ѻ. ᾈᴆ╪Ẅ₮ ᾈᴆ╪Ẅ ͎ᴹ Ѿ─ᴛ Ἄᴛ ⁷˺Ӈ ▓ּת Ώ╘ Ữ ⁄Ἄ, ♣∟╪ Ίⱨ ▓˞Ϯ 

Л √ ⁄Ἄ╥ ♥Ѿ╪ ⅝̯ӇѤ ‡ ᵙ ╪Ἢ╥ ˿↕ ᾅ  ᴛּת╥ Ợ↔╙ ̾◑ ѻ. 

╪ ԅᶷ⁄ Л √  ᴛּת⁄ ₡ᵆ ′Ѥ ᾐ(EM Я╪ּנ ∟╖ᴛṨ  ♠♥  ˞ ᵙᵑ ┬ּת ˞Ϯ ͙ ́♠ 

ἸỮ ֞Ѥ ♠ ᶹֿפ⁄ ╪ẇ╙ Ṓ Ѥ ˦̓ ˉ╘)╙ Ṓ◑ ҵᴜ ҹ╪ ′╪ ᾐ ╪ẇ ͝╪ᵑ 

ἵ  ὡ ▓ҵᴜ Ṋ ˭ ̯Ἓ ‒ ѻ.  

◑ ╥ Ḥ  ḓ ᾎ⇔♣Ѥ ◑  Ⱡⱳ‰ ʺ Ⱡ̑ Ѥ ̆┬╥ ♬Ṓ ḓ ἒ  ͋ ╙ ӻᵎ̆ 5.1⁄Ἄ …͕  

♬ ˿ ⱳˠ╙ רὡ ‒ ѻ. 

5.3 Џ╢ ╧Ẅ ͚╧ 

˿ ⱳˠ⁄ ʺ ◑  Ợ╪╥ ӥ≢‡ ⁷˺ Ἓѫ╘ ѻ╛̓ ˉ╘ ⅝╬⁄ ₅ ╙ Ḉ  ὡ ▓ѻ: 

¶ ╪ẇ ֿפ (ˁὍ ♣ҵ  ὡ ᴛᾅ  ὸӥ) 

¶ М ♥♠ ╥₮ḕᵐ  ╪ẇ ὸӥ₤) פֿ   ⁷˺) 

ʼ Мאַ ¶  (ʼ ⁷˺, ˁὍאַ) 

ISO/IEC 11801 ͋˶⁄ ͋♬Ӈ‡ ▓Ѥ ̯ⱳ♠ ╪ẇ ᵠ╥ ˌШ╙ ↔ ױ╪ ⁴  Ợ ╙ ʺ ̆ 

́ Ѿ́⁄Ἄ ♠♥  ̆ ᴎ  ὡ ▓ѻ. ̯ ⱳ♠ ╪ẇ φ ╥ Ḹ─Ѥ ӎ ̩ ╥ Л √  ◑  Ợ╪╥ ӥ≢‡ 

⁷˺⁄ ҍ ‡ ר  ᵙ ╪Ἢ Ҷᵞ♠╬ ᶛҨ╙ ♬╥ ѻ. ּת∟Ӈ‡‒ Ѥ ҍ ᾐ ẋ  ♣Ἶ═⁄ 

ӻױ⁴ ג ᵠ  Ἓѫ מᾅᵑ ♬╥  ὡ ▓ѻ. ʻ מᾅѤ ᶹᵙ♠ ᵠ Ḉג  Ϯ ᶛӧ ҿ▬ ⱳˠ⁄Ἄ 

₡ᵆ ′Ѥ ҥ╪  ♣Ἶ╙  ὡ ▓Ѥ Ὸ╥ ˃╙ ♬╥ ѻ.   

ISO/IEC 11801 ⁄ ͋♬Ӈ‡ ▓Ѥ ̯ⱳ♠ ╪ẇ ᵠ ᶛҨ╘ ͎ᵝ 9 ₮ ˉ╪ óВ(channel)ô ḓ óѾᵦ 

ʼ(end-to-end)╥ ⁷˺'╙ ͙ḙ╖ᴛ ѻ: 

 

 

͋ᵚ 9: Џ Ḑ ѻᵣ ʹ╢ ⁴˷ ̬Ɑ 

 

╪ ᶛҨ⁄Ἄ ʻ ͙ ╥ ╥ḈѤ ѻ╛̓ ˉѻ: 

¶ JѤ Ѿᵦ ◑ ╥ М  (◔:   ) 

¶ PѤ ⁷˺ ӥ М  ( ὡ :͎ױ )  

¶ CѤ ַאʼ М   
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óѾᵦʼ(end-to-end)ô╥ ˌШ╘ ⁷˺ Ѥ ‚Ѿ╥ (ᵡּתᵢ Ӱḕ╪ᾅ╥ ◔ ֹתּͥ♣ו) ͎ױ ӎ ˌᵑ 

 .ΏѤѻ תּ ᵑ͎ױ ╘ᵣ, óВ(Channel)ôתּ

В ᶛҨ⁄ ӻג ӎ ˌ╥ Ѿᵦ◑  Ợ╪ ⁷˺⁄ Ợ↔ӇѤ ╪ẇ╘ ῷמ ӎʺּת ┬ ╖ᴛ ̯Ṫ ѻ: 

¶ ẋѸ ϿṨ ḓ ΩṨ⁄ ἒ Ӈ‡ ▓Ѥ ̆♬ᵠ  ӎ ˌᴛ Ѿᵦ◑ ᵑ ⁷˺ Ѥ ל ╪ẇ 

¶ ( ) ӥѤ ▀ḙ♠╖ᴛ ╘ ╪ẇ ἠἪ⁄Ἄ ẋѸ╥ Ѿᵦ◑  ʼ ♪ἶ♩ Ợ╪⁄Ἄאַ ₮

Ợ↔ ѻ: Ḷ ӥ ӥᾅᴴ М (bulkhead feed-through connectors) 

ISO/IEC 61918 ר╘ ụ‰↔ ᾐ Л √ ╪ISO/IEC 11801 Ͽ╥ ▀ḙ♠╬ ҥ ╬ר   ♣Ἶ˿ᴛ⁄ 

ҍ  ♬╥ᵑ ̆ ▓Ѥ ḙᶔ⁄ ISO/IEC 61784-5-12 ἐ  ͋˶╘ ҥ╪  ♣Ἶ˿ᴛ⁄Ἄ EtherCAT╪ 

⅝̯ Ѥ Ợ ө⁄ ҍ Ἄ ♬╥ ѻ. 

5.3.1 100BASE-TX ᵝ › Ҋ  Џ ׇḅ  

 

 1: Ң╧  ♆Ἳ˼ᴘ(Channel)╢ ở‗ 

Ἐ ˀ 

∟תּ Ѥ ᾐἶҵ (Mbit/s) 100 

∟תּ Ѥ ҍ ҥ╪  ♣Ἶ˿ᴛ ˞ᵙ (m)  100 

ҥ╪  ♣Ἶ˿ᴛϿ ⁷˺Ṩ ˌὡ ( ҍ)   6 

ISO/IEC 24702⁄ ӻᵐ ҥ╪  ♣Ἶ˿ᴛ Ӯ͕ (Channel class) ( ἵ) D 

ISO/IEC 24702⁄ ӻᵐ ╪ẇ Ḹל (Cable Category) ( ἵ) 5 

ISO/IEC 24702⁄ ӻᵐ ♪ἶṨ ӥ≢‡ Ḹל (Connecting HW Category) ( ἵ) 5 

 

 

ISO/IEC 11801 ר⁄Ѥ ҍ ҥ╪ ♣Ἶ˿ᴛ╥ ͝╪ᵑ ♬ ˭ ́ụ ͙ ─ Ἄ ҿἐ ╪ẇ╥ 

ᶹᵙ♠╬ ὡ ₮ ҥ╪  ♣Ἶ˿ᴛ Ͽ⁄ ⁷˺ˌὡᵑ ╪↔  ὡᴛ ҍ╞ᾎ Ѥ ὡ ♠ ͋ ╙ ♬╥ ̆ 

▓ѻ. EtherCAT Л √ Ữ⁄ἌѤ ῷמ₮ ˉ╘ ʼѾ  ᶙ ʺּת ͋ ╪ ▓ѻ: 

¶ ҥ╪  ♣Ἶ͝╪ʺ 100 mᵑ Еּת ᵦῷ‒ ѻ. (̆♬ᵠ , ӥ ͝╪ ᶛӎ ) 

¶ ʻ ҥ╪  ♣Ἶ˿ᴛ ϥ⁄  ӥ╥ ♣  ͝╪ʺ 5 mᵑ ̓ Ώ̆, ̆♬ᵠ תּ ╥ ͝╪Ѥ ╪⁄ 

ӻג ˁἵ ˭ ӈѻ. (ҥ╪  ♣Ἶ˿ᴛ╥ ͝╪ʺ 100 mᵑ Еּת Ώ͙ ─ ) 

¶ ҥ╪  ♣Ἶ˿ᴛ Ữ⁄Ἄ ⁷˺ ʺѫ  ҍ ˃╘ ⁴Ἑ ˌ ( В ӥ М ҵ ́ụ Ѥ ˿↕) ֞Ѥ Л 

ʼ Мאַ) ˌ ᵣ╙ ́ụ Ѥ ˿↕)ᵑ Еּת ᵦῷ‒ ѻ. 

¶ ‡Ԏ  ˿↕⁄ҵ В ͝╪Ѥ ʺѫ   ˭ ̆ ˿ ⅝ˠ⁄ ♠ ‒ ѻ. 
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͎ᵝ 10╘ В ̯Ἓ╪ ѻᵐ ᶙ ʺּ₉ תᵑ Ṓ⁴רѻ: 

 

͋ᵚ 10: ̬ἘʷѨ  Ң╧  ♆Ἳ˼ᴘ╢ ₆ᾋ 

 

─⁄Ἄ …͕  ╪ẇ ͝╪ ͋ ╘ ᶷⱠ╥ ἵּתʺ ′Ѥ ˿ⱳˠ ▀ ԅ ʺѫ  ҥ╪  ♣Ἶ˿ᴛ╥ 

˿↕╪ѻ. ♣▫͙╥ ʼἘ╪ ˆ  ˿⁄Ἄ ҥ╪  ♣Ἶ˿ᴛᵑ ︡ἐ Ѥ ˿↕, ҥ╪  ♣Ἶ˿ᴛ╥ ͝╪Ѥ 

♣▫͙ ˆҵ⁄ ӻג Ⱡ ╙ ӎ‡‒ ѻ. 

ISO/IEC 61784-5-12 ἐ  ͋˶⁄ ӻᵎᶔ EtherCAT ҥ╪  ♣Ἶ╙ 100BASE-TX ͋˶⁄Ἄ Ợ↔  ˿↕ 

♠ ⁄ᾅ D Вמ ╘ר ᾅ D ╪Ữ╪ ⅝̯ӈѻ̆ Ϯ₮ ▓ѻ. ISO/IEC 11801מ ╙ Ṓ◑ Ѥ 

ӥ≢‡ גḈ ᵑ ─ ⁴ Ὸ╥ Ў ˃╙ ♬╥ ̆ ▓ѻ. ╪ױ  ὡ   ╘⁷̕Ἓ ▓Ѥ ṨṪ אַ 

2⁄ ͙◓Ӈ‡ ▓ѻ. 
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 2: 100 m ╧Ẅ ͚╧╢ כᾂ D Џ› Ҋ Ὕ כ͖   

ׇḅ  ╢ḅ 
ׇḅ  ᵝ  

(@100 MHz) 
Џ (@100 MHz) 

IL ừ░ Ἰᾒ, ˁὍ 20,4 dB 24 dB 

NEXT ͐Ѿ ы  32,3 dB 30,1 dB 

ACR ˁὍ₮ ᴛᾅ ╥ ẋ═ 11,9 dB 6,1 dB 

 ♣  µs 0,548 µs 0,491 ⁷תּ 

 ᾎʼ ╪ 0,044 µs 0,050 µs ⁷תּ 

 

́ Ѿ́⁄Ἄ ̆ᴎ ‒  ʺ◑ ⁷̕Ἓ ▓Ѥ В╥ ὡ Ѥ ừ░ Ἰᾒ(IL), ͐Ѿ ы (NEXT), ˁὍ ҍ 

ᴛᾅ  ẋ═ (ACR)╪ѻ. 

¶ ừ░ Ἰᾒ╘ dBᴛ Ϯ Ё ᾐ Вᴛ ╬  ˁἵӈ ᾐ ╥ ♬ ˃╪ѻ. IL╥ ♥ҍ ˃╪ ὡᴜ ♣  

ἸᾒӇѤ ᾐ ⁄אַ  ᴆṁ╪ ֿבѻ. ₉ᵑ ө‡ IL╪ 20 dB╬ ˿↕ ♣ἾӇѤ ♣  ╥ 10 %ᵣ╪ 

ὡᾐ▫⁄ ҵҀ ѻ. ḙҍᴛ IL ˃╪ ▬ѻѤ ˦╘ ˁὍʺ ▬╘ ˦╙ ╥Ḉ ̆ Ἓѫ╪ ꜜ╘ ˦╙ 

Ϯ Ёѻ. 

¶ ͐Ѿ ы Ѥ ─ᾅ  ‡ ╪ẇ⁄ ♣Ἶӈ ᾐ ʺ ╬♪  ─ᾅ  ‡ ╪ẇ⁄ Ḉ Ѥ ₅ ╙ 

♬ ⁴ dBᴛ  ˃╪ѻ. NEXT╥ ♥ҍ˃╪ ▬╖ᶔ ╬♪  ─ᾅ  ‡ ╪ẇ⁄ ┬ҵӈ 

ᾐה̪ ʺ ♣Ἶ ᾐ ⁄ Ḉ Ѥ ₅ ѻ. ₉ᵑ ө‡, NEXTʺ 32 dB╬ ˿↕ ─ᾅבֿ ╪  ‡ 

╪ẇᴛ ♣Ἶ Ѥ ╪ẇʼ ♣  ╥ 2.5 %ʺ ╬♪  ─ᾅ  ‡ ╪ẇ⁄ ₅ ᾐ ‡ל ╙ ʺ 

ӈѻ. ḙҍᴛ NEXT ˃╪  ˦╘ ᴛᾅ ʺ ▬╘ ˦╙ ╥Ḉה̪ ̆ Ἓѫ╪ ꜜ╘ ˦╙ Ϯ Ёѻ. 

¶ ACR גḈ Ѥ В╥ ᾐ  ҍ ◌╛ ẋ═╥ ♬ ˃╪ᶒ dBᴛ ӇѤ ˃╪ѻ. ╪Ѥ NEXT₮ 

IL╥ (ᴛ͎) ˃╥ ╪ᴛ ́ụ ѻ. ₉ᵑ ө‡, ACR╪ 6 dB╪ᶔ ─ᾅ  ‡ ╪ẇ⁄Ἄ Ḛ╘ 

ᾐ ╥ ˁὍʺ ͐♪  ─ᾅ  ‡ ╪ẇᴛ ˉ╘ ֿב  ᾐ ᵑ ♣Ἶ Ѥ ˿↕⁄ ┬ҵӇѤ ы ᴛ 

╬  ΩהṒѻ 50 %ᵣ   ˦╪ѻ. 

 2 ⁄ ͙◓ Ӈ‡▓Ѥ ˃╘ ♣Ἶ ל ὡ 100 MHz⁄ ҍ  ˃╪ѻ. 100BASE-TX ҥ╪  ᵙ4 ╘װB/5B 

MLT3 ѻѾ́ ╬ ӹ╖ᴛ ♣Ἶ ͙ ԅᶷ⁄ ᾒⱠ ӥ≢‡ ᾐ Ѥ ҍ ל ὡ 31.25 MHz╪̆, ҿ▬ 

ל ὡ╥ ὡ  ˃╘ 100 MHzᴛ ᾎӈ ˃ Ṓѻ – 3~5 Ḥ ♬ҵ ꜜῷֿבѻ. 

IL̓ NEXT ὡ ╥ ᶹᵙ♠╬ ╥ḈѤ ͎ᵝ 11⁄ Ϯ₮ ▓ѻ. 
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͋ᵚ 11: ׇḅ  IL̐ NEXT╢ ᶶᵖ♅ ╢ḅ 

 

Ṩ  ⱠⱳỢѤ Ⱡ ( ╪ẇ, М  Ӯ)╪ ISO/IEC 11801 ͋˶⁄ ӻᵐ ♬ Ἓѫ מᾅᵑ רὡ ̆ 

▓ѻѤ ╬ּש╙ Ӧ  ὡ ▓ѻ. EtherCAT Л √ ⁄Ἄ מᾅ D (֞Ѥ ͎  ╪Ữ)╥ ╬ּש╙ Ӧ  Ⱡ ╥ 

Ợ↔╘ ὡ╪ѻ. ͎ױϮ ͎ Ṩ ╙ Ợ↔  В╪ ▫ҿ♠╖ᴛ ҿ▀  Ἓѫ מᾅᵑ ᵣⱴ ѻѤ ˦╘ 

ῷѱѻ. ᾐ В╪ Ἓѫ מᾅ D ⁄ Ṩ ѤּתѤ В Ͽ⁄Ἄ Ợ↔ Ѥ ᶛӧ Ⱡ ╙ Ⱡⱳ‰ ʺ 

Ⱡ̑ Ѥ ὡ ᵑ ḕ ╖ᴛ ˺♬ ‒ ѻ. ⁷˺⁄ Ợ↔ Ѥ ᶛӧ Ⱡ ╥ ὡ  ˃╙ ῼ̆ ▓ּת Ώ╖ᶔ 

В╪ Ἓѫ מᾅ D (֞Ѥ ͎ ╪Ữ)╙ רὡ ̆ ▓Ѥּתᵑ 7.2⁄ Ϯ₮ ▓Ѥ ♬ Ḣḹ⁄ ӻג ᶘᾎ♠╖ᴛ 

╬ ѻ. 

В Ͽ ʻ ⁷˺Ṩ─⁄Ἄ ʻʻ ˁὍ ḓ ы ʺ ḛỸ  ὡ ▓ѻ. ╪ ԅᶷ⁄ ַאʼ ⁷˺ˌὡѤ 

‡ ᵙ ╪Ἢ╥ ⅝̯Ợ ╥ Ḹ─ Ͽ⁄Ἄ ҍ ᶒ ‡Ԑ ˿↕⁄ҵ 5.3.1⁄Ἄ ἒᶘ ‒⁴ת  ̆ ▓Ѥ 

ҍ ↔ ˌὡᵑ ̓ ἌѤ Ό ӈѻ.  
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⁷˺Ṩ─ ˌὡᵑ ╬ Ѥ Ḣḹ╘, ͎ᵝ 12₮ ˉ╪ ַ́א М ᵑ 2 ˌ╥ Ṫᵙӈ ⁷˺ᴛ ́ụ ѻ: 

 

 

͋ᵚ 12: ⁴˷ ˉὝ ˾Ợ 

 

ISO/IEC 11801 ר⁄ ͙◓ӈ ̯ⱳ ӈ ╪ẇᵠ ᶛҨ⁄ ר˞ Ѥ Л √  ⁷˺Ḣḹ╙ ּתᵣ 

╪ᵑ  ˶ ˭ ᵣⱴ  ⅝Ѥ ′ѻ. ̯ⱳ ӈ ╪ẇᵠ ͋ ⁄ ӻᵐ ⁷˺╘ ‡ ᵙ ╪Ἢ⁄Ἄ ּת♬ӈ 

Ḥἐ╖ᴛ ⁷˺ ѻ. ╪ ˿↕ ᶛӧ ▬ҿⱳˠ ⁄Ἄ В╥ Ἓѫ̓ ♣Ἶ₡ᵆᵑ 7.2⁄Ἄ ͙ὥӈ ♠♥  

♬Ḣḹ╙ Ợ↔ ⁴ ᶘᾎ♠╖ᴛ ѻ. 
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5.3.2 100BASE-FX ᵝ ╢ Џ ׇḅ  

 

 3: ̘ ╧Ẅ Џ╢ ̃ ׇḅ  

̛ ╪ẇ ┬  ἒᶘ 

ᾗ͒ᶛӥ 

ᾒᵙ (silica) 

͋˶ IEC 60793-2-50; Type B1 

♬˶ ♣Ἶ ◑ ɚ 1310 nm 

ɚ⁄ ҍ  ˁὍ ́ὡ Ò 0,5 dB/km 

Ѿ ◑ < 1260 nm 

͙ Ḉג   

ᶛӥ ӥ ֹו˿ (µm) 9é10 

 125 (µm) ˿וֹ ӹ(cladding)מ

ἵ ͝╪ (m) 0 

ҍ ͝╪ (m) 14000 

ᶁ ᶛӥ 

ᾒᵙ (silica) 

͋˶ IEC 60793-2-10; Type A1a, A1b 

♬˶ ♣Ἶ ◑ ɚ 1310 nm 

ɚ⁄ ҍ  ˁὍ ́ὡ Ò 1,5 dB/km 

ɚ⁄ ҍ  ᶛҀ ҍ⁵  600 MHz x km 

͙ Ḉג   

 60 (A1a); 62,5 (A1b) (µm) ˿וֹ ‡

 125 (µm) ˿וֹ ӹ(cladding)מ

  (aperture) ὡ 

0,20 ± 0,02 or 0,23 ± 0,02 
at 50/125 
0,275 ± 0,02 at 62,5/125 

ἵ ͝╪ (m) 0 

ҍ ͝╪ (m) 2000 
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̛ ╪ẇ ┬  ἒᶘ 

POF ͋˶ IEC 60793-2-40; Type A4a 

♬˶ ♣Ἶ ◑ ɚ 650 nm 

ɚ⁄ ҍ  ˁὍ ́ὡ Ò 160 dB/km 

ɚ⁄ ҍ  ᶛӥ ҍ⁵  35 MHz x 100m 

͙ Ḉג   

 980 (µm) ˿וֹ ‡

 1000 (µm) ˿וֹ ӹ(cladding)מ

  (aperture) ὡ 0,5 ± 0,05 

ἵ ͝╪ (m) 0 

ҍ ͝╪ (m) 50 

ᾅג  ӥמ 

ᾒᵙ   

(Plastic clad silica) 

͋˶ IEC 60793-2-30; Type A3c 

♬˶ ♣Ἶ ◑ ɚ 650 nm 

ɚ⁄ ҍ  ˁὍ ́ὡ Ò 10 dB/km 

ɚ⁄ ҍ  ᶛӥ ҍ⁵  70 MHz x km 

͙ Ḉג   

 200 (µm) ˿וֹ ‡

 230 (µm) ˿וֹ ӹ(cladding)מ

  (aperture) ὡ 0,37 ± 0,04 

ἵ ͝╪ (m) 0 

ҍ ͝╪ (m) 100 

 

5.4 ╧Ẅ Ἅ♩ 

IEC 61784-5-12 ᴛ ▀⁄Ѥ EtherCAT ‡ ᵙ ╪Ἢ⁄ ̾◑ Ѥ ╪ẇ ┬ ⁄ ҍ  Ἓᶘ Ӈ‡ ▓̆, 

EtherCAT В Ͽ⁄ Ḻ‡Ϯּת Ώ╖ᶒ ╪ẇ גḈ ⁄ ҍ  Ὸ╥ ̸ ♬ҵᵑ ͋♬ ̆ ▓ѻ. 

ἒ́Ѿ́⁄Ἄ ╪ẇ ἐ♬╘ ╪ẇ Ⱡⱳ‰ ʺ Ⱡ̑ Ѥ Ⱡ  ᾅ ╙ ̆ בֿ ⁴ Ӈ‡‒ ѻ. 

╪Ἶ◑ ⁄ ⁷˺ Ѥ ˿↕, ╪ẇ╥ ἸỮ╙ Ḣּת ͙ ─  ʺҿ  ╪ẇ╙ Ợ↔ ‒ ѻ. 6.3⁄Ἄ 

ἒᶘ  ḕ₮ ˉ╪ ╪ ˿↕ ╪ẇ╥ ҍ ↔ ʺѫ  ̳̇ḙ˿̓ ҍ ↔ ╬◑ ḓ ẋ ᵝ Ӯ╥ Ⱡ  

ᾅ ╪ ҉ ‡ ᵙ ╪Ἢ╥ ⅝̯Ợ ⁄ ♠ ╬ תּ ‒ ѻ. 
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♠ ᶷⱠʺ ḛỸ Ѥ ˿⁄ ἒ ӈ ˿↕, ╪ẇ╥ ἸỮ╙ Ḣּת ͙ ─  ὡ ӈ ╪ẇ╙ 

Ợ↔ ‒ ѻ. 

‡ ᵙ ╪Ἢ╥ ˿̓ Ⱡ–╪ ▓Ѥ ˿↕, Ṋ  ἒ́ӈ ╪ẇ╘ ╪ẇ Ⱡⱳ‰ ⁄Ἄ Ⱡ̑ Ѥ 

♬♬Ṓ⁄ ӻג Ợ↔Ӈ‡‒ ѻ. 

5.4.1 100BASE-TX ⁴˷ ╧Ẅ 

̆♬ ᵠ  ╪ẇ╘  4₮  5⁄ ♬╥Ӈ‡ ▓Ѥ Ὸ╥ ̸ ♬ҵᵑ רὡ ‒ ѻ: 

 

 4: ̃♩ ᵝ ᴘ ở↑ ѡ ̃♩ ḡἍ ╧Ẅ╢ ̃ ׇḅ  

Ἐ A ╧Ẅ ┘  (̃♩ ) 

╪ẇ╥ ♬˶ ▐ Қᾅ ( ↔ ) 100 ɋ Ñ 15 ɋ (IEC 61156-5) 

͌ /Ṭ͌  ͌  

DC ‚Ѿ ♇  a) Ò 115 ɋ/km  

ҵ  ὡ 4 (2 pairs) 

ὸӥ S/FTQ 

ҵ ╥ ựỮ ӥ WH, YE, BU, OG 

♣Ҁ ▐ Қᾅ < 50 mɋ/m at 10 MHz 

ἒ  ┬  ̆♬, ἒ  ╛Ώ תּ╪וֹ∑  

╪ẇ Ω˿ 6,5 mm ± 0,2 mm 

♣ἐ Ѿᶘ AWG 22/1 

♣ἐ ֹ⁷♥) ˿ו  ⱠΩ) 0,64 mm ± 0,1 mm 

 ⁷ᾎʼ ╪ Ò 20 ns/100 mתּ

a   DC ‚Ѿ ♇ : DC ᴴ  ♇ ╖ᴛ ṬᵙѤ DC ‚Ѿ ♇ ╘ ╪ẇ╥ ‚Ѿ DC ♇  ˃╙ ♬ ̆ 

́ụ ѻ. ♬  ԅ ╪ẇ╥  ϥ⁄Ἄ ӎ ᾡ╥ ♣ἐ╙ ⁷˺ ̆ ♣ἐ╥ ѻᵐ  ϥ⁄Ἄ ♇  

˃╙ ́ụ ѻ.  ˌ╥ ♣ἐ╖ᴛ ╪ẇ ‚Ѿ Ợ╪╥ ♇ ╙ ♬ ᶔ ͎ ˃╘ ‚Ѿ ♇ ⁄Ἄ ╘ 

˃╥ – ♥ḙ╪ Ӈᶒ, ҉ ͙57,5 ╘˃ ר ɋ/km ╪ ᴛ ̆ᴎӇ‡‒ ѻ. 

▫Ἕ  Ͽ↔╘ ╪ẇ Ⱡⱳ‰ ╥ Ợ‚╙ ̆ ѻ. 
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 5: ̃♩ ᵝ ᴘ ở↑ ѡ ┘⁴  ╧Ẅ╢ ̃ ׇḅ  

Ἐ B ╧Ẅ ┘  (ʷҼ ) 

╪ẇ╥ ♬˶ ▐ Қᾅ ( ↔ ) 100 ɋ Ñ 15 ɋ (IEC 61156-5) 

͌ /Ṭ͌  ͌  

DC ‚Ѿ ♇  a) Ò 115 ɋ/km 

ҵ  ὡ 4 (2 pairs) 

ὸӥ S/FTQ 

ҵ ╥ ựỮ ӥ WH, YE, BU, OG 

♣Ҁ ▐ Қᾅ < 50 mɋ/m at 10 MHz 

ἒ  ┬  ʺṉ, ʼʼ ҿבֿ Ϯ˞╪וֹ∑   

╪ẇ Ω˿ 6,5 mm ± 0,2 mm 

♣ἐ Ѿᶘ AWG 22/7 

♣ἐ ֹ⁷♥) ˿ו  ⱠΩ) 0,64 mm ± 0,1 mm 

 ⁷ᾎʼ ╪ Ò 20 ns/100 mתּ

a   DC ‚Ѿ ♇ : DC ᴴ  ♇ ╖ᴛ ṬᵙѤ DC ‚Ѿ ♇ ╘ ╪ẇ╥ ‚Ѿ DC♇  ˃╙ ♬ ̆ 

́ụ ѻ. ♬  ԅ ╪ẇ╥  ϥ⁄Ἄ ӎ ᾡ╥ ♣ἐ╙ ⁷˺ ̆ ♣ἐ╥ ѻᵐ  ϥ⁄Ἄ ♇  

˃╙ ́ụ ѻ.  ˌ╥ ♣ἐ╖ᴛ ╪ẇ ‚Ѿ Ợ╪╥ ♇ ╙ ♬ ᶔ ͎ ˃╘ ‚Ѿ ♇ ⁄Ἄ ╘ 

˃╥ – ♥ḙ╪ Ӈᶒ, ҉ ͙57,5 ╪˃ ר ɋ/km ╪ ᴛ ̆ᴎӇ‡‒ ѻ. 

▫Ἕ  Ͽ↔╘ ╪ẇ Ⱡⱳ‰ ╥ Ợ‚╙ ̆ ѻ. 

 

̆♬  ╪ẇ⁄Ἄ ʻ ♣ἐ╘ Ѿᾔ ҵ ᴛ ̯ἛӇѤ ḙᶔ, ʺҿ  ╪ẇ╥ ♣ἐ╘ ▬╘ ἠἪ Ό⁄ ⁴ױ 

ˌ╥ Τ╬ ҵ ᴛ ̯ἛӇ‡ ▓ѻ (͎ᵝ 13). 

 

͋ᵚ 13: ̃♩  Ḑ ʷҼ  ╧Ẅ╢ ╧ 
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ʺҿ  ╪ẇ╥ ♬ӈ גḈ  ˃ (₉ᵑ өᶔ ừ░ Ἰᾒ)╘ ̆♬  ╪ẇ Ṓѻ ꜜּת Ώѻ. ╪ ԅᶷ⁄ 

ʺҿ  ╪ẇ╥ Ợ↔╘ ╪ҿ Ѥ ◑ ᵑ ⁷˺ Ѥ ˿↕ ˉ╘ ʺҿ  ╪ẇ╪ ♬ᵦ ⅝  

‡ ᵙ ╪Ἢ⁄ ♬Ӈ‡‒ ѻ. ͎ᴅּת Ώ╘ ˿↕⁄Ѥ ̆♬  ╪ẇ╙ Ợ↔ ‒ ѻ.  

 6╘ EtherCAT ‡ ᵙ ╪Ἢ⁄Ἄ Ợ↔ ̆ ▓Ѥ ᾒⱠ ╪ẇ╥ ▀ḙ♠╬ גḈ  ˃╙ Ϯ Ёѻ: 

 

 6: ̃♩ ᵝ › ở↑ӄѡ ╧Ẅ╢ ₆ᾋ 

 ̃♩  ʷҼ  

┘  AWG22/1 AWG22/7 

ήӢ S/FTQ S/FTQ 

₳Ṑ ♄  Ò 115 ɋ/km Ò 115 ɋ/km 

Ứ█ ἵᾏ 

(@100MHz) 
19,5 dB/100m 21,3 dB/100m 

͍ѻ ш  

(@100MHz) 
50 dB/100m 50 dB/100m 

 

EtherCAT ᾐ⁄Ѥ Л ˌ╥ ἐ╪ Ợ↔ӈѻ. ӻגἌ Л ˌ╥ ἐ(ӎˌ╥ ᾡ)╙ ʺּ̆ת ▓Ѥ ╪җС ╪ẇ 

Ợ↔╙ ̾◑ ѻ.  

Л ᾡ╥ ╪ẇҵ Ợ↔Ӊ ὡ ▓ѻ. ừ░Ἰᾒ̓ ͐Ѿы ╥ Ἓѫ╘ Л ˌ╥ ἐ̓ ҿ▀ ᶒ  4₮  5⁄ 

Ϯ₮▓Ѥ ἵ ↔ ˃╙ ̓ ) Ώҵᴜ ‒ ѻ. ḈỢ↔ ╪ẇ⁄ἌѤ תּ  ╪ẇ╥ ꜙѾ ᵙʺ 

♬Ữ♠╖ᴛ Ӈּת Ώ╘ ˿↕) ╬♪  ╪ẇ⁄Ἄ ᾐ ╥ ἐ╪ ḛỸ  ὡ ▓̆, ╪ᴛ ╬ ⁴ ╪ẇ╥ 

Ἓѫ╪ ♇ Ӊ ὡ ▓ѻ.  
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◌  ♫Ɑ ᵎ ⌐  ̻◌ ̬  ḟḶ 

EtherCAT Ⱡ  Ⱡⱳ‰ Ѥ ͎ᵝ 14 ᴀ 75 ɋ╥ ♇ ╖ᴛ Ợ↔  ΏѤ ╪ẇ╥ ꜙѾ╙ ʺỮ תּ

˺⁷ ⁄תּ♪ ‒ ѻ. 

 

 

͋ᵚ 14: ở↑ Ὸѡ ╧Ẅ› Ҋ קּ  ⸗ѻ ᵖ ḟᾌ 

 

 

Л ᾡ╥ ╪ẇ ˿↕, ̾◑ М   Ḥ Ѥ ‚  ϥѾ⁄Ἄ TIA-568-C Ợ‚╥ T568B╥ Ḣᾏ╙ 

Ợ↔ Ѥҥ ╪˦╘ ֹוἐ ╪ẇ ̯Ἓ⁄ ҉ ѻ. ᶛӧ ᾈᴆ╪Ẅ ӥ≢‡╥ Л √  ╬ ╪ᾅѤ 

▫ҿ ᴛᾅ₡Ḳ ͙ѫ╙ ╥ᶴ♠╖ᴛ ּת∟ ͙ ԅᶷ⁄, ֹוἐ ╪ẇ╥ Ḥ⁸╘ T568A ͋˶⁄ ҍ╞  

Ỏᵣ ῷѱג ᴛᾅ ╪ẇ╙ EtherCAT Л √ ⁄Ἄҵ Ợ↔  ὡ ▓ѻ. 

̆ἶ Hot Connect ͙ὥ╙ ּת∟ Ѥ ᾈᴆ╪Ẅ╥ ˿↕Ѥ ₉Ω╪ѻ. ╪ ˿↕⁄Ѥ ᾐ╪ ◓ἒ♬ Ӊ ԅּͥת 

⅝  ᾎʼ╙ Ѿ ͙ ─  ♣Ἶ ἶҵ, ♣/ḙ╪ַא ᶛӥ ֞Ѥ ᾅ ᴆ╪ / ᴛᾅ ⁷˺ Ӯ╥ ӥ≢‡ 

╬ ╪ᾅ╥ גḈ  Ӯ╪ Ḉᵙ ˺♬Ӈ‡ ▓ѻ (IN Ѥ MDI Ợ↔, OUT Ѥ MDI-X Ợ↔). ╪ױ  

╪┬ᴛ ̆ἶ Hot ConnectѤ ֹוἐ ╪ẇ╙ Ợ↔ ‒ ѻ. 
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ISO/IEC 11801 ͋˶╘ ╪җС ╪ẇ╥  Ḣᾏ⁄ ҍ ר   ӥᵑ ♬╥ ̆ ▓ѻ: 

 

xx/yTQ    TQ = Twisted Quad (two-pairs) 

֞Ѥ 

xx/yTP  TP = Twisted Pair (four-pairs) 

 

 

xx = ΩṨ ╪ẇ ὸӥ 

¶ U = unshielded 

¶ F = foil shielding 

¶ S = stranded shielding 

¶ SF = stranded + foil shielding 

 

y = Ṓⱳ ╪ẇ ὸӥ ( ӥ ╪ẇ ↔) / ‡ ὸӥ ( ─ᾅ  ‡ ╪ẇ) 

¶ U = unshielded 

¶ F = foil shielding 

¶ S = stranded shielding 

 

 7 ὸӥ ӥ╥ ₉: 

 

 7: ήӢ Ӣ╢ ₆ᾋ 

ISO/IEC 11801 Ӣ ┘  ╧Ẅ ήӢ ṏⱭ/ „ ήӢ 

U/UTQ twisted quad none none 

U/UTP twisted pair none none 

S/UTQ twisted quad stranded none 

S/UTP twisted pair stranded none 

SF/UTP twisted pair stranded + foil none 

S/FTQ twisted quad stranded foil 

U/FTP twisted pair none foil 

S/FTP twisted pair stranded foil 

SF/FTP twisted pair stranded + foil foil 
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EtherCAT╘ ̆♬ ᵠ ₮  ӥ ᶛӎ ΩṨ ʺ Ӈ‡ ▓Ѥ ╪ẇ╥ Ợ↔╙ ̾◑ ѻ (͎ᵝ 15). 

ΩṨ ╪ẇ ὸӥѤ ⁷ἐ╪ ḕוֹז ᶒ и╘ ͙ ́♠ Ό♬Ἓ╙ ̯ ὡ ▓ѻ. ΩṨʺ ▀-ὸӥᴛ ╙ ἛӇ‡ 

▓Ѥ ╪ẇ╙ Ợ↔ Ѥ ˿↕ ὸӥʺ ἸỮӇ˞Ϯ ἸӇּת Ώҵᴜ ל╥ʺ ⅝ ѻ. 

 

 

͋ᵚ 15:  ֛ѡ Ẉ  ήӢ ̬Ἐ 

 

American Wire Gauge (AWG) ר╘ ╪ẇ╥ ֹו˿⁄ ̕  ѻ╛̓ ˉ╘ ӥᴛ ♬╥Ӈ‡ ▓ѻ: 

 

AWGx/y 

 

 

x = AWG ̆ᵙ (ҵ  (ὡᴜ  ˃╪ ӈѻ╙▬ ╪˿וֹ 

y = ҵ ᵑ ̯Ἓ Ѥ ♣ἐ╥ ὡ 














































































