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ʉ ᵲ ꜠ ʊ 

2019 ҉ ᵬ ᵬꜚ  

ᵬ 2019 ᵬ ⅞ ᵝ ̆2019 ҉ ̆ ԅ 4×25 

Gb/s ᴰ ᾣ ᾣ ȁ4×25Gb/s CLR4ᾣ ᴆȁ4x25Gb/s LR4 QSFP28ᾣ

῍ 3ҩᾣ ֟ ̕ ῃ ҙⱵ̆ ̆ ᵬ ̕

eUICC Ӟ Ҭ̕ ̆ ᵬ ᾣ Ҭ ⌠

ԅ ᴆ ̆ Ȃ 

ᵬ ᶭ 7 ᴪ ᴪ ‗ ̆ᶭ └ ᵬ ⅞

ᵬȂ҉ Һ ᵬ ̔1̃ ֟ ꜚ ̆ ԅ ֟ Ḥ ̂

ȁҬ ̃ ᾣ ‰ ᵬ̆ ԅ B1.2e ᾣ ↕̆ ╠

Ҭ̆ῒҬ B1.2e ᾣ ԅ ӥȂ2̃ ҹҬ

NQI ñ óѿ ѿ ô Ḃ≠ ῏ ҍ òҬ Ạ

̆ ҉ ԅ ԅ ȁ ҹ Ḥ ȁ ᾣ ȁ Ḥ ñ8ò

ᾣ ȁῃ׃ ᾣ ̆ ╠ ᾣ

ᴑҙ ԅ₱ Ȃ ̆ ᵬ ԍ 2019 6 28 ֤ ԅ ᵬ ᴪ ᴪ̆

҉ ₱ ḱ ᾣ ֟ ԅ ̆ ᵬ ’ȁ

TLC NQI ’ȁ ᾣ ѿ Ȃᴪ҉ ᴪף ᾟ№

̆ └ ҈ᴍ ̆ ԅ ̆ ԅ

Ҭ Ȃᴪ ‗ ᵝ ̆ ҈ҩᾣ ḱ ̆

ᵝ₱ ̕ ԍᾣ ֟ Ҭᾣ ѿ ̆ ԅץ ᶭ ҹ ‰

↕Ȃ  

ᵬ ԅ ᾟ ȁ ᾟ 2ҩҍ ᾟ ῏ ֟

↕̆ ╠ ̕ ԅ Ḥ ᵞ ‰ ᵬ̕

Ạԅ ̆ ╠ Ȃ 

̆ Ҭ ⱬ ת ת ҙⱵ̆ 2019 ҉ Ῥ ᾣ

ȁᾣ ֟ ↕Ȃ 

 

http://tlc.com.cn/FileSysPri/BaseFile/%E5%AE%9E%E6%96%BD%E8%A7%84%E5%88%99/20190605021326/TLC-GZ-P007-3%20%E5%BF%AB%E5%85%85%E5%8D%8F%E8%AE%AE%E8%8A%AF%E7%89%87%E8%AE%A4%E8%AF%81%E5%AE%9E%E6%96%BD%E8%A7%84%E5%88%99VA.0.docx
http://tlc.com.cn/FileSysPri/BaseFile/%E5%AE%9E%E6%96%BD%E8%A7%84%E5%88%99/20190507050839/TLC-GZ-P007-4%20%E5%BF%AB%E9%80%9F%E5%85%85%E7%94%B5%E9%80%82%E9%85%8D%E5%99%A8%E4%BA%A7%E5%93%81%E8%AE%A4%E8%AF%81%E5%AE%9E%E6%96%BD%E8%A7%84%E5%88%99VA.0.doc
http://tlc.com.cn/FileSysPri/BaseFile/%E5%AE%9E%E6%96%BD%E8%A7%84%E5%88%99/20190612111758/TLC-GZ-P019%20%E5%85%89%E5%AD%A6%E6%B5%8B%E9%87%8F%E8%AE%BE%E5%A4%87%E8%AE%A4%E8%AF%81%E5%AE%9E%E6%96%BD%E8%A7%84%E5%88%99%20VA.1.doc
http://tlc.com.cn/FileSysPri/BaseFile/%E5%AE%9E%E6%96%BD%E8%A7%84%E5%88%99/20190612111758/TLC-GZ-P019%20%E5%85%89%E5%AD%A6%E6%B5%8B%E9%87%8F%E8%AE%BE%E5%A4%87%E8%AE%A4%E8%AF%81%E5%AE%9E%E6%96%BD%E8%A7%84%E5%88%99%20VA.1.doc
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ʉҟꜙ ʊ 

Ҭ VOOC ᾟ ↓֟ ӥ 

Ҳ    

ף ᶏ ̆ Ҍ

̆ ҹ ᶏ ӊѿ̆ Ҋ ᾟ

ȂOPPO қ ꜚ Ḥ Ὲ VOOC ᾟ ᵬҹҺ ᾟ ӊѿ̆ ₮

ץ ̆ҹ ꜚ ᾟ ҙ ⌠ԅ ᵬ ̆VOOC

ᾟ Ӟ Ҭ Ḥ Ḥ Һ Ҭ ᾟ ‰ȇ ꜚ Ḥ ᾟ

Ȉ ᾟ ӊѿȂ 

ҹԅ ᵣ ȁ ȁ ῃ VOOC ᾟ ̆OPPO қ ꜚ Ḥ

Ὲ Ὲ ȁ ȁ ↕Ҋ ԅ ᶏ VOOC ᾟ

ᴆȂҍ ̆Ҭ Ḥ Ḥ Ҭ ȁ ҍ OPPO қ ꜚ Ḥ

Ὲ ᵬ̆ᵬҹ ῤ ѿѿ ȁ ̆ῃ Ḡ VOOC ᾟ

ȁ ȁ ֟ ȁ ᴆ֟ Ȃ 

Ҭ ᾟ№ ҉̆ᶭ VOOCҒ≠ ̆ ԅȇ ᾟ

↕Ȉ̆ └ȁҤ ⱳ ȁᾟ№ ᴑҙ

̆ Ḡᶏ VOOC ᾟ ֟ Ȃ ╠̆ Ὲ

IP2191 ̆ Ὲ SW3518S Ҭ VOOC

ᾟ Ȃ҉ ᵣ Ὲ ֟ Ӟ ̆

Ȃ 

̆ Ҭ ȇ ᾟ ֟ ↕Ȉ̆ Ḡ VOOC ᾟ

ȁ ֟ȁ ᾟ ῃ ȂҊѿ ̆ Ҭ

ᾟȁ ᾟ ꜚ ȁ ᾟ ᾟ֟ ̆ Ḡ OPPO қ ꜚ

Ḥ Ὲ VOOC ᾟ ֟ Ȃ 
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EMBA Ḥ Ḥ֟ҙ  

֤ EMBA Ḥ Ḥ֟ҙ ñḤ òӊ ֤

ΐ ñ ȁ֟ҙ⇔ òӊ Ҭ Ḥ Ḥ EMBA ֟ҙ

῍ ֟׆̆ ̆ ҙ╠ ȁל ӟȁ≠ ╠

ҙᴇṿ̆ ꜚ Ḥ Ḥ Ȃ ᴨל ᴨ Ғ

ץ ᴑҙ ȁҹḤ Ḥ ᴑҙ ȁҬ ȁ ֲ Ȃ 

 

 

ҹ Ḥ Ḥ ҙ ᴪ ⱬ ȁ

ȁ ´ᴑҙ ץ № Ȃ 

ᶭ ֤ ȁҬ Ḥ ᴨ̆ל№ ᴑҙȁ ᴑҙҍ ᴑҙ

ᵬ̆ ⇔ ȁ ᴑҙ ̆ ᴑҙ Һ⇔ ⱬȁ

Ԉⱬ̆ꜛⱬ ҹ ҙ ῑȁ ҙ ´ Ȃ ῏ ̆ ꜛᴑҙ

Ȃ 

ᵣ ⇔ ̆ל ῏ № ᴋ ᵬҹ

׆̆ Ḥ Ḥ֟ҙ ԇ ̆ ȁ ף ᴠ̕

Ḥ Ḥ֟ҙ ȁ ֪ ᴋ ׆̆ ȁ ᴑҙ Ԉ

ⱬ̆ ҙ Ȃ 

10000+ ̆ ῤ ȁ ᴇṿȁ ⱬ Ḥ Ḥ֟ҙ

̆῍⇔ᴑҙ Ȃ Ḥ Ḥ֟ҙ ̆ ꜛᴑҙ ֟ ̆῍

⇔ ꜚ ̆ ᴑҙ Ԉⱬ̆ꜛ Ḥ Ḥ֟ҙ⇔ Ȃ 

EMBA ῖ ץ Ḥ ȁ ҙ╠ ȁ

Ḥȁ ҙԑ ȁ ȁ └ ȁ ꜚԑ ȁ ȁֲ ȁԐ ȁḤ
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ῃ ῤ Ȃ ץ ȁ ᶛ ȁ ȁᴑҙ ȁ ҙ ȁҒ ȁ

ꜚ ȁ ȁ Ȃ 

2019 1 12 ̆ ֤ ñḤ Ḥ֟ҙ Ῑ ⅞ò

תꜚ ֤ 2019 ҂ ҉ ҽ ῃ Ȃ 

2019 7 21 ñ̆Ҭ Ḥ Ḥ֟ҙ ⅞ò 2019 5G֟ҙ

Ȃ ῃ֟ҙ ץ̆ ף 5G ҹ ̆ 5Ğ

֟ҙ ȁ ҙ ȁֲ ῃ ֜ Ȃ 

̔https://mp.weixin.qq.com/s/KdoWucHAWV3NVu0nbotcQw 

 

https://mp.weixin.qq.com/s/KdoWucHAWV3NVu0nbotcQw
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└ ᵣ ᴇ׃  

Ҳ  ⁬ Ῑ 

└ ñ ҈ԓò ⅞ ₮ ᴋⱵ̆ ñ⇔ ȁ ȁ ȁ ȁ῍֣ò

̆ ᶫ ᶷ ῤ Ӟ̆ Ḇ ῃ֟ҙ ֟ ῃ

̆ꜛⱬҬ └ Ȃ2016 ̆ Ḥ ȇ └

̂2016К2020 Ȉ̃̆ ₮⌠ 2020 ñ⇔ ҙ ȁ ̆

҆ ֟ ò Ȃ ̆ Ḥ ȁ ȁ ⅞ ↓ ȁ

֟ ῑ ḤҺ ֟ҙ ȁ ⅞ ’└ ₮

└ ᵣ Ȃ ╠̆ ̆ ԅ

Ȃ 

└ ᵣ ᴇ̆ѿ ץ └ ⇔

ȁ ᵀ ȁ ‰ ᵝ̆ └ ̕ ѿ ̆ Ḥ ≠ ҙ

ȁҒ ȁ Ḥ ῏ └ ᵣ ᵬ̆ ꜚ ᴨᾢ

̆ Ӟ ̆ └ ᵣ ↓῀

̆ ꞉ ҹ └ ᴑҙȁ ᶫḂ ȁᴨ Ḡ Ⱶ Ḥ Ȃ 

1ȁ └ ᵣ  

└ ᵣ ᴑҙҹץ Һᵣ̆ץῈ ҈ ᴇ └ ‰ᵣ ҹ

̆Ḡ └ ᵣ ѿ̆ ȁ ֟ ȁ ȁ ᶫ

└ ᵣ Һ ῤ Ȃ 

└ ҙ ֟ ᾝ̆ └ Һᵣ̆ ԍ └ ᵣ

ᾝ̆ᶷ ԍ ֟ Ȃ ᴇᶭ GB/T 36132ȇ ᴇ ↕Ȉ̆

׆ ȁ ȁ ᵣ ȁ ῀ȁ֟ ȁ ȁ ῀ ̆

ñ ȁ ȁ ֟ ‪ ȁ ȁ ᵞ ò ↕̆ ԅ

ᴇ ᵣ ̆ ₮ԅ ᴇ Ȃ 

֟ ץ └ ᶫ ᶷ ᵣ ̆ᶷ ԍ֟ ῃ

Ȃ ֟ ᴇ ῃ ̆ ֟

ȁ ֟ȁ ȁᶏ ȁ ȁ ҩ ̆ ⱬԍ ֟



7 
 

ᵞ ȁ ȁ Ῥ Ȃ ╠̆ Ḥ

ҙ└ ԅ ֟ ᴇ ῒ̆Ҭ ԅ ԍ ֟ᴑҙ ȁ֟

ȁ ᴇ └ ̆ ‰ ֟ ҹ ֟

Ȃ 

₮ ֟ᴑҙ ̆ᶷ ԍ ῤ

ӊ Ȃ ꜚ ̆ ⅞ȁ ȁ֟ҙ ȁ

≠ ȁ ≠ ȁ ȁ ȁ ̆

׆ ΐ ȁ ȁ Ȃ ᴇ ᵬ

Һ ᶭ Ḥ └ ȇ ᴇ Ȉ̆ ׆ ≠ ȁ

≠ ȁ ȁ֟ҙ ȁ ȁ

6 ԇץ῏ Ȃ 

ᶫ └ ҍᶫ ֟ ̆ᶷ ԍᶫ ҉ᴑҙ

ҍ ᵬȂ ᶫ ̆ ᴑҙ ץ ȁ ҹ ȁ ֟ȁ

ȁ ᵣ ̆ ꜚ҉Ҋ ᴑҙ῍ ≠ ̆ ̆ ⌠

≠ ȁ ̆ ҉ᴑҙ Ȃ ᶫ ᴇҺ ᶭ Ḥ └

ȇ ᶫ ᴇ Ȉ ȁ ȁ № ҙ ᴑҙ׆̆ ץ

ᶫ ȁ ᶫ ȁ ֟ȁ ȁ Ḥ ȁ

Ḥ ᶫ ῏ ԇץ ᴇȂ 

2ȁ └ ᵣ ᴇ  

ԍ ȁ ᶫ ȁ ᴇ ᴇ ҈ ᴇ Ȃ

ᾢ ᴑҙ ῏ ‰ ᴆ ᴇ̆ ᴇ ̕ ̆ Ḥ

ҙ ᴇҬ ȇ └ ᴇ Ȉ ᴑҙ

҈ ᴇ̆ ᴆ ᴇȁ ᴇ ῏ ̆ ₮ΐ ҈ ᴇ

̕ӊ ̆ ᴑҙ Ḥ Ḥ ῏ ̆ ֜ ᴇ ҈

ᴇ ̆ Ḥ ֜ Ḥ ̆ Ḥ ῏ ҙҒ

└ ᴇ ᴑҙ Ғ ̆ Ὲ

ȁ ᶫ Ȃ 

ԍ ֟ ᴇ̆ ᴑҙ ᴇ Ȃ ֟ ᵝ

̆ΐ ѿ └ ̆ ҙף ̆ ҙῤ ⱬ̆
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ⱬ ̆ ֟֟ ᶭ ֟ ᴇ ᴇ̆ └

֟ ᴇ ῒ̆ҬӞ ֟ ῃ ᴇ Ȃ ֟ ᴇ └

̆֜ ḤҺ ѿ Ḥ Ғ Ȃ ҹ

֟ ֟ Ӟ ץ GB/T32162-2015ȇ ֟ Ȉ ‰ ⱴ

֟ Ȃ 

3ȁ  

╠̆ Ḥ ԅ └ ᵣ ᴇ ᵬ̆῍ ₮ ᵩ

̆ ᵩ ᶫ ᴑҙ̆ ᵩҩ ң ֟ ȂҊѿ ̆

Ḥ ׅ ꜚ ȁ ᶫ ȁ ֟ ᴇ ᵬȂ

Ӟ Ḥ ῏ ̆ ᴇ ᵬȂ 

Ҭ Ḥ Ḥ ᵬҹ Ḥ ҙ ҍ ᴇҬ ̆ ץ ѿ

Ḥ └ ᵬ̆ Ⱶ ⱬ̕ Ҭ

ᵬҹҬ Ḥ ̆ ҍ ᴇ ᵬ̆ ꜚᴑҙ ҍ Ȃ

╠̆Ҭ Ḥȁ ȁ ȁ ȁ ȁ ҩ ҙᴑҙ ȁ ᶫ

ᴇץ ᴇ̕ ֟ Ҭ̆ ῏ ᴰ

ҹ̆ᴑҙ ֟ ῃ ᴇ̆ꜛ ⱬᴑҙ ȂҊѿ ̆

Ҭ Ḥ Ҭ ׅ ꜚ └ ᵣ ᴇ ῏ ᵬ ᾟ̆№

└ ῏ Ғҙᴨל Ⱶᴨ̆לꜛⱬ ῏ ҙᴑҙ ⱴ └ ᵣ ̆

Ḇ ԑ ҍ └ ̆ ҙ Ḥҙ └ Ȃ 
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ᴪ ᴋ ῏ ᵬ ҙⱵ׃  

Ҳ   

Ҭ Ḥᴑҙ ᴪ ᴪ ᴋ ᵬ ᴪ̂ץҊ ̔ ̃ԍ 2014 11

Ȃ2014 11 ̆ Ḥ ₮ ꜚᴪȂ2015 ̆ ӥ ҙ

Ḥ Ԋҙ ᵝҬ Ḥ Ḥ Ҋ Ҭ Ҋץ̂ ̔

Ȃ̃ 

╠̆ Һ ᴪ Ҭ Ḥ Ὲ ȁҬ ꜚ Ὲ ȁҬ

Ḥ Ὲ Ḥ ҹ Ὲ ȁҬῐ ᴍ Ὲ ȁ Ḥ̂ Ҭ

̃ Ḥ Ὲ Ḥ ‗ ᶫ ץ Ḥ Ḥ └ ȁ ᴑҙȁ

Ḥ ᴑҙ ԑ ᴑҙ Ȃ 

ᵬҺ ԍ ῏ ȁ ̆ ᴑҙӊ ̆

ҙᴑҙ ᴪ ᴋ ⱬ Ḇ̆ ҙᴑҙ ᴪ ᴋḤ ̆ ꜚ ҙ ᴪ ᴋ

ᴇᵣ ̆ ȁ ᴰ ᴑҙ ᴪ ᴋ̆ ҹ Ḥ Ḥ ҙ ⱵȂ 

1ȁץ ᴪ ᴋ ᵬ׃  

̂ѿ̃ ῏ ᵬ̔ 

1. Ḥҙᴑҙ ᴪ ᴋ ‰ ᵬ̂2015 ̃̕ 

2. ҙȁ Ḥҙ ᴑҙ ᴪ ᴋ ᵬҒ ̂2016 Ḥ Ḥ

≠ ֜ ̃̕ 

3. Ḥ Ḥ ҙᴑҙ ᴪ ᴋ ᴇᵣ ᵣ ᵬҒ ̂2017

̃̕ 

4. ҍ Ḥ ᴑҙ ᴪ ᴋ Ώ ᵬ̂2018 ̃Ȃ 

̂ԋ̃ ҙ ῏ ᵬ̔ 

1. 2016 ̆ ῃ ҙ ԅḤ Ḥ ҙ ᴪ ᴋ ᶛ ꜚ̆῍ ⌠

ȁᴑҙ ҙ ᴪ ᶛ ᵩҩ̆ ᴪ҉ ᴨ

ᶛ ԅ ̕ 

2. 2016 8 ̆└ ȇҬ Ḥ Ḥ ҙ ᴪ ᴋ ̂2015 Ȉ̃̆

ῃ ҙᴑҙ ’ ҙ ᴋ ̕ 
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3. 2016 ȁ2017 ̆ ᴪ ᴋ ᴪ̆2016 ᴪҺ ҹñ ᴋ ò̆ 2017

ᴪҺ ҹñ ᴋ ̆ ֟ҙ ò̕  

4. 2018 2 ̆ȇҬ Ḥ Ḥ ҙᴑҙ ᴪ ᴋ ᵣ ȈȁȇҬ Ḥ Ḥ

ҙ ᴪ ᴋ ᴇᵣ Ȉ Ҭ Ḥ ‰ ᴪ ̆ Ҭ Ḥ └ ̕ 

5. 2014 ̆ ῏ ȁҒ ᴑҙף №≢ ҹȁ Ḥȁ

Ḥȁ ȁ ֒ȁ ȁ ԑ ȁ ȁҬ ȁ

Ḥ Ḥ ҙᴑҙ ̕ 

6. 2014 ̆ ꜚ̆ᶛ 2014 12 70ᵩֲ ⱴ

ᴪ̆ץ ᴪ ᴋ ‰ ῏ Ȃ 

̂҈̃ҍ ῤ ᵬ ’̔ 

1. 2017 ̆ ҍҬ ҙ ᴪҍ ‰ (ISEAL Alliance)̓̀

ȇҬ ҙ ‰└ ҍ Ḥ Ȉ ̕ 

2. 2017 ̆ ҍ Ḥ ̆Ҭ ҙ ᴪ ᴪ ᴋḆ Ҭ

ȇԑ ᴑҙ ᴪ ᴋ Ȉ ̕ 

3. 2018 ̆ ҍ ᾙ ᴪ ñҬ ICT ҙᴑҙ Ҭᾙ ≠Ḡ

ᵬ ò̕  

4. 2018 ̆ ԑ Ḥ ⱲῈ Һ Ҋ̆ᵬҹҺ ֲ ꜛҬ ԑ

ᴪ ԑ ҙ ᴪ ᴋ Ȃ 

2ȁ2019 ᴪ ᴋ ῏ ᵬ 

2019 ̆Ҭ Ḥ Ҭ ᴪ ᴋ ᵬ Ạԅ №̆῍№ҹ̔Ḥ

Ḥ ҙ ̆ҍҬ Ḥᴑҙ ᴪ ᵬ̆ ҙ Ḥ ԑ̕ ᴆ

ҙ ̆ҍҬ ԑ ᴪ ᵬ̆ ԑ Ḥ ⱲῈ ᴪ ᵬ Ȃ῍ ꜚ

Ḥ Ḥ ҙץ ԑ ᴆ ҙ ᴪ ᴋ Ȃ 

̂ѿ̃ Ḥ Ḥ ҙ̆2019 ῍№ҹ ᵬ̔ 

1. Ḥ Ḥ ҙң ᴪ ᴋ ҙ ‰ ̕ ╠ ᵬ

̆ȇḤ Ḥ ҙᴑҙ ᴪ ᴋ ᵣ Ȉ ȇḤ Ḥ ҙᴑҙ ᴪ ᴋ

ᴇᵣ Ȉңҩ ̆ ԍ 5 23 ֤ ԅ

Ғ ᴪ̆ Ḥ ȁҬ Ḥ ‰ ᴪȁҬ ҙ ‰

ᴪ ҙ ᴪ ᴑҙף ҍԅ ‰ ₮ԅΐᵣ
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̕ 

2. ҍ Ḥ ᴑҙ ᴪ ᴋ Ώ ḱ ᵬ̕ῃⱬ ҍԅ Ḥ

ᴑҙ ᴪ ᴋ ᵬ̆ ḱ

̆ Ḥ Ḥ ҙ ᴪ ᴋ ᵬ ᶫ ⱬ ᵬ

ᶭ ̕ 

3. 2018 Ḥ Ḥ ҙᴑҙ ᴪ ᴋ ᶛ ꜚ̕ ∆

ץ ҍḤ Ḥᴑҙ ֜ ̆ ᶛ ꜚ ԅᴨ

̆ ꜚ ̆∆ ԍ10 ᴍ ᵬ̆ ᵝ ԍ ᴪ҉

̕ 

4. ҍ ᾙ ᴪȁ Ḥȁῃ ῏ ῏ ̆№

֣ ̆ ᴑҙ ҙ ̕ 

̂ԋ̃ ԑ ᴆ ҙ̆2019 ῍№ҹΈ ᵬ̔ 

1. ҍҬ ԑ ᴪѿ ̆ ԑ ᴆᴑҙ̆ ᴪ ᴋ ᵬ ̆

2019 ⅞ ᵬ ̆Ὲ ̕ 

2. ⅞ 2019 ᴪ ᴋ ꜚ̆ 2019 8 ԅ ѿ ᴪ ᴋ

̆Ҭ Ḥ Ҭ ᴪ ᴋҺ ҍ

ȁҬ ҙ ᴪ ᴪ ᴋ Ғ ῍ ᵬҹ ̆

῍ ȁ ȁ ꜚȁ ȁ ȁ 32 ᴑҙ 40ᵩᵝף ҍ

̕ 

3. 8 16 ѿ ñҬ ԑ ᴑҙ ᴪ ᴋҬ ò ꜚ̆Һ

҈ ԑ ᴑҙ̆῍ ȁ ȁ ӥȁ ԅӇ ῍ 7 ᴑҙ ҍ ̆

῏ Ҭ ԑ ᴪ ╠ ̕ 

4. 7-8 ̆Һ └ ᴪ ᵣ ‰--ȇԑ ᴑҙ ᴪ ᴋ ‰Ȉ̆

╠ ̆ └ ̆ ᵣ ץ‰ ҹ

ԑ ᴑҙ └ ᴪ ᴋ Ḥ ᶫ ΐᵣ ̕ 

5. 6-7 ̆ └ ҙ ᴋ ∆ ̆ ╠ Ҭ̆Һ ҍҬ ԑ ᴪ

ѿ ȁ ᴋ ΐᵣ ̕ 

6. 5-8 ̆ᵬҹҬ Ḥ Ḥ Ҭ Ḥ ҍ Ҭ

ԅҬ --ȇ Ḥᴑҙ ᴪ ᴋ ‰ Ȉ ̆ Ғ

̆ Ḥᴑҙ ᴪ ᴋ ȁ ᶛȁ ̆
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ԅ Ȃ 

3ȁ  

Ҭ Ḥ Ḥ Ҭ ᶭ ԍҬ Ḥᴑҙ ᴪץ Ҭ ԑ ᴪ̆

ñץ ȁ ҙȁ Ⱶᴑҙòҹ ̆ ȁ ҙȁᴑҙ ̆

ᴑҙ ᴋ ΐ ҹ̆ᴑҙ ᴰ ᴋ Ԋ ׆̆ ꜚ ҙẫ

Ȃ 
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Ҭ ҽⱲľḤ Ḥ ҙ Ŀ 

Ҳ  ḓ  

ᵬ̆ ҙ Ḥ ҹ ᾴ Ӝ Ҭ ᵬᴪ

̆ ῀ ȇҬ῍Ҭ  Ⱶ ῏ԍ ꜚ Ȉ̆ ⱴ ҙ

̆Ḇ └ ҙ ҽ Ȃ ȇ ҙ Ḥ ⱲῈ ῏ԍẠ 2019

ҙ ᵬ Ȉ ̆ Ḥ ԅľ ҙ֟ Ғ

Ŀ ꜚ̆ Ҭ Ḥ Ḥ ҙ ᵬᴋⱵȂ Ҭ

Ώ ῏ ң ҙ ‰ ῒ̆ҬYD/T 3313-2018ȇ ᵣ  

Ḥ ҙȈ ̆YD/T 3549.1-2019ȇḤ Ḥ ҙ ᵣ  1 №̔

֟ҍ Ⱶ  ᵣ ȈӞ Ȃ 

ҹ ᴇṿ ⱬȁ Ԉᴨ̆ל

ᶏ ѿ Ԉᴨל ῒ Ḥᴋ ῃ ꜚȂȇ ᵣ  

Ḥ ҙȈҺ  ľ ȁ Ⱶȁ ⇔ ȁ ȁ Ŀ ᴇṿ ԓ ̆

ᴑҙ ᴇṿȂ 

ȇḤ Ḥ ҙ ᵣ  1 №̔ ֟ҍ Ⱶ  ᵣ Ȉ

Һ Ḥ Ḥ ҙ ֟ Ⱶᴑҙ ̆ ῀ ̆ ‗

̆ ‗ľҌ ẠĿ ̕ ᾟ ԅ ̆ҹ ̆ ‗ľҌᴪẠĿ

̆ ᴑҙῤ ꜚⱬ̆ ꜛᴑҙ Ȃ 

ҹԅ ꜚң ҙ ‰ ҙҬ ̆ ᴑҙ ⱬ̆ Ҭ ԍ 2019 8

14 ԅľḤ Ḥ ҙ ĿȂ Ҭ

̆ ҹ ᴑҙ ᶫ ⱵȂ ȁ҉ ȁ ᴧ ᴑҙ ҍԅ

̆ Һ ῤ ң ‰ ῤ Ȃ Ҭ

ҍ Ғ ԅ ῀ԑꜚ̆ⱴ ԅ ῤ Ȃ 

̆ ῏ᴑҙ ⱬ Ȃ Ҭ

ҙҬҽⱲ ̆ ῏ Ҭ Ὲᴧ ̆

῏ᴑҙ ⱴ ױ ᴪȂ 
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ʉ ╦ ʊ 

5G ᶫ ᶫ  

   

ЃҲ Ḫ Ḫ Ї ֪Ї100191Є 

̔ ῃ ץ̆ ȁ5Gȁֲ ҹף ѿףḤ

Ḥ Ҍ ⱴ ̆ Ḥҙ ל Ȃῃ 5G ⱴ ̆

Ḥҙ ᵣ ȂҬ 5G ȁ ‰ȁ֟ҙ ӊѿ̆ᵝԍῃ

5G֟ҙ ѿ ̆ Ḥ ⅞ 2019 ꜚ 5G ̆ⱬԈ 2020 Ȃ

5G Ḥ ץ ⱳ Ṑ ̆ ̆ ῒ ₮ԅ

ῃ Ȃ Ҭ ꜚ Ḥ Ҭ Ҍ №̆ʟ

῏ ⌠ ҩ Ḥ Ȃ 5G Ḥ ҉̆ 5G ᶫ

ȁ ᶫ ԅ№ Ȃ 

῏ ̔5G  ᶫ   

1 5G ’ 

Ҭ Ḥ Ḥ 2019 1 ȇῃ 5G Ȉ ῃ 5G

῀ Ȃῃ ῍ 11ҩ 15 ᶫ 5GҙⱵ 5G

̆ ╠ ҙⱵ Ҭ ῀ ᴑҙ ȂAT&T ԍ 2018 12 12ҩ

₮ ԍ 3GPP R15 ‰ 5G ꜚ Ⱶ̆ ⅞ԍ 2019 ҉ Ῥ 7ҩ Ȃ65

ҩ ₮ԅ 5G ꜚ ⅞ 5G ꜚȂ ҈ ꜚ

ԍ 2019 4 ∆ ₮ԅ 5G Ⱶ̆ ╠ 90˿ 5G Ҭ ԍ ῒ

ԓҩ ̆ҍ Ӟ 5G Ȃ 

5G Ӟ ҬȂ ԅ ̆Ҭ ꜚ 2019

3҆-5҆ҩ 5G , ῀ 100ַᾝ ȂҬ Ḥ 2018 17ҩ ԅ 1000

ҩ 5G ̆2019 5G ῀ 90ַᾝ, ȁ ,∆

5G ῀ ⌠ 2҆ҩȂ2018 Ҭ 17ҩ ԅ 100

5G ҍ ҙ ̆2019 ῀ 60ַᾝ-80ַᾝ 5G Ȃ 
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2 5G ꜚ Ḥ  

ҍ 4G ̆5G ↓ȁ ȁ └ȁ

῏ ԅ ̕ D2D Ḥ̂5G Ḥ῏ ӊѿ ȁ̃

└ ȁḤ ҍ ᴨ ԅᵞ ҍ ̕ ȁ

↓ȁ ȁ Ḥȁ /ῃ ԅ ̕ ȁ

└ ᵞⱳ Ȃ 

῏ ⱬ ̆5G ӊ╠ ꜚ Ḥ ԅ Ȃ5G

῏ Һ ΐ ᴰ ꜚ ̂eMBB ȁ̃ΐ ῀ ⱬ

Ḥ̂mMTC ȁ̃ΐ ḤḠ ᵞ Ḥ̂uRLLC Ȃ̃

ꜚ ̆5G ץ ⌠ 10Gbit/s ᴰ ̕ Ḥ ̆

5G ΐ Ὲ 1 ҆ҩ ῀ Ḥ ⱬ̕ ᵞ 5̆G

ץ ⌠ 1msȂҍ 4G ̆5G ᴰ ȁ ῀ ⱬ ԅ 100Ṑ̆

ҹ 1/100Ȃ ץ ₮ 5G ꜚ Ḥ ῏ ԅ ̆

ᴪ ꜚ ҙⱵ Ȃ ȁ ȁ ȁ ȁ

ȁ └ ҙⱵ̆ ᶭ ԍ 5G ꜚ Ḥ ᴨ ȁ ȁᵞ

⌠ ꜚ̆ ᶏ Ḥ ҍҙⱵ Ȃ 

3 5G ᶫ ₮  

3.1 ҍ  

ҍ 4G Ҍ ̆5G RAN ׆ 4G/LTE BBUȁRRUң ҹ CUȁ

DU AAU ҈ ȂCUҺ ᵞ ̆DUҺ

ĂAU ҹ ץ № ⱳ Ȃ Ҭ CUҍ DU

ңҩ ᾝ №ץ ̆Ӟ ץ Ȃ 

ץ 5G ⅞№ҹ CU-DU ȁCUԐ -DU№ ȁCUԐ -DU

Ҭ ҈ ȂCU-DU Ҭ̆CUҍ DUңҩ ᾝ ѿ ῤ̆DU

AAUȂCUԐ -DU№ Ҭ̆ ҩ DU ѿҩ ῤ̆ ҩ

DU AAŬCU Ҭ ѿҩ ῤȂCUԐ -DU Ҭ Ҭ̆

DU Ҭ ѿҩ ῤ̆CU Ҭ ѿҩ ῤ̆DU ҩ

AAUȂ ᴪ ҙⱵ ̆CU-DU ᴪ 5G ∆

Ȃ 
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3.2 ⱳ  

5G ꜚ Ḥ ̆ ⱳ Ӟ Ȃ

4G 8T/8R ̆5G AAU ԅ 64T/64R ↓̆ ⱴ̆ᶏ

AAU ᵣ ⱳ ⱴȂ ҩ 5G ⱳ ̂ ҍ ⱳ ӊ ̃ ҹ

4G ⱳ 4͘5Ṑ̆ ᶫ ҳ Ȃ 

 

1 4G 5G ⱳ ῍֣ ̂ ̔ Ὲ ̃ 

3.3 ᶫ ҳ  

ᵄ 5G ̆ ᶫ Һ ҳ ȁ ῏ ȁ ȁ

ȁ ᶫ ₃ҩ Ȃ 

╠ 5G Һ 4G ҉ ⱴ̆ ⱳ ҹ 6kW,ⱴ

҉└‛ └‛ ⱳ 2kWȁ ᾟ ⱳ 2.5kW̆ ⱳ ҹ 10.5kW̆ ῍

῍֣ Ҭ ⱳ ԍ 20kWȂ ⱳ ᶏ

̆ ̆ ᶏ ⱴȂ 

№ ᴪ₮ ῏ Ҍ ̆ ῏

Ȃ 4G ⱴ 5G ̆ ⱴ 1 5G ⱴ 500Ah

̂ Ȃ̃ ⱴ ῤ Ҍ ̆ ῒ ῍ ῍֣

ⱴ ₮Ȃ 

5G ⱴ ῀ ̆ ⱴ 1 5G ⱴ 1.5kW└‛ ̆

ץ ⱴᴰ ‗Ȃp ԍ῍ ῍֣ ԍ ῤ ᴪ̆֟

̆ ץ ‛ ȁ ȁ └‛ ‗Ȃ 

5G Ҭ AAU ⱳ ⱴ̆ ᶫ ҉ ⱴ̆ ׆ ῏ ₮

⌠ AAU ӊ ⱴ̆׆ └ԅ Ȃץ ᶫ ҹᶛ̆ ѿ

Ҋ 46VȁҺ ῀ Ҋ 40V ̆ᾛ ҹ 6V̕ ᶫ ⱴȁ

ԍ 6V ̆ᴪ ⌠ Ҋ Һ ῀ᵞ Ḡ Ȃ ᶫ
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ⱴ̆ ᵞ̆׆ 1 ᶛ ץ ⌠ 4G└ Ҋᶫ ץ ⌠

120m̆ 5G└ Ҋ 70m Ȃᶫ ᴪ └ ̆ 5G

֟ Ȃ 

1 ҊҌ ᶫ ̂Ṽ 

 └  AAU ⱳ (W) 30m 50m 70m 100m 120m 160m 200m 

48V 4G 350 1.38 2.34 3.36 4.99 6.17 8.8 ðð 

48V 5G 1500 2.26 3.91 5.72 8.86 ðð ðð ðð 

:4G ᶫ 6mm2 ̆5G ᶫ 16mm2 Ȃ 

4 5G ᶫ ‗   

ᵥ 5G ̙ ׆ ᶫ ȁ ᶫ ȁ

ץ ≠ Ữ ‗ № Ȃ 

4.1 ᶫ  

╠̆ ῏ ̆ 2ҹ ṿȂ 

 

2 48V 100% Ҋ ᶛ 

╠ Ҋ̆Ῥ 1%͘2% ל ᴪ ⱴ Ȃ

ᵖ ץ ҩ ᶫ ̆ ῏ ׆ ѿ ⌠ ҩ

ᶫ ᶫ ҉ ⁞ץ̆ ᶫ ҉ ⱳ Ȃ 

4.2 ᶫ  

AAU ᶫ Ҋ̆ 48V └ ᴪ ᶫ ̆ ץ

ᶫ ‗ ѿ Ȃ 

ץ 240V/336V ᶫ ᶫ ̆p ̆
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₯ ῃ Ȃ 

ѿ ᶫ ᶫ ̆ 48V ῏ ₮

ⱴѿ DC-DC Ȃ 2 ҹ 57V ᶫ ᶛȂ׆ 2Ҭ ץ ₮̆ 57Vᶫ

Ҋȁ 5G└ ᶫ 70m 200mȂ 

2 ҊҌ ᶫ ̂Ṽ 

 └  AAU ⱳ (W) 30m 50m 70m 100m 120m 160m 200m 

48V 4G 350 1.38 2.34 3.36 4.99 6.17 8.8 ðð 

48V 5G 1500 2.26 3.91 5.72 8.86 ðð ðð ðð 

57V 5G 1500 1.79 3.05 4.38 6.52 8.07 11.59 16.08 

:4G ᶫ 6mm2 ̆5G ᶫ 16mm2 Ȃ 

ץ ⱴ ᶫ ȁ ᾧԅ ₯ ̆ᵖ

ҍҺ ӊ ⱴԅѿҩ DC-DC ̆ ῀ԅ ѿ ׆̆ ԅᶫ

ṿ ᵞȂ 

4.3  

ᵞ ’Ҋ̆Ҍ ᶫ ȁ ᶫ ҹ

Ȃp ԍ ȁ ̆ ᶫ ҍ ᴪ

ᴆ Ȃ 

4.4 ≠ Ữ  

ץ ҉ ⱴ ᾟ ̂ᶛ ̃̆

ᴇ ≠ ̆ ṿ Ữ ᶫ № ⁞ץ̆

῀Ȃ 

5 № ᶫ ҍ Ҭ ᶫ  

AAU ᶫ Һ № ᶫ ץ Ҭ ᶫ ң Ȃ ң ᶫ

Ӟ ≠ Ȃ № ᶫ ̆ ȁ ȁḂԍ

̆ᵖ ̂ ҩ AAU ȁ̃∆ ȁ Ȃ

Ҭ ᶫ ̆ ᵞȁḂԍ ѿ ̆ᵖ ȁ ᶫ ῃ

Ȃ 

6  
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5G ᵬ ̆ ᶫ Ҭ ȁ ῏ ȁ

ȁ ȁ ᶫ ₃ҩ ᴪ ҳ Ȃ ╠ҙῤ ԍ ֓

ѿ ῍ ̆ ⌠ ‗ ̆ ȁ Ὲ ȁ└ ȁ ȁ

῍ ꜜⱬ̆ ₮ѿ ȁ ȁ ᶫ ‗ Ȃ 

̔ 

[1] · ῌ̂ ̃. 5G ꜚ Ḥ [M]. Ҭ Ḥ₮ ֲ̆ ₮  

2017. 

[2]  5G ꜚ Ḥ ҍ .[J]ל ⇔ , 2018.35, 98-99. 

[3] ↔  5G ꜚ Ḥ [J].ῤ ҍ ̆2017̆̂18̃ ̔64-65. 

[4]  5G ҳ ‗ [J]. Ḥ ,2018,(8):245-247. 

[5]  5G ꜚ Ḥ ῒ [J], 2018(7), 269-271. 
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5G Ḥ └ 

╪   

Ѓ ῎    Ῐ 310000Є  

The Development of LiFePO4 Battery for Low and Medium Speed Maglev Train 

Jifu Ma  Jiangfeng Ma 

Wolong Electric Group Zhejiang Dengta Power Source Co., Ltd.  Shaoxing, 

Zhejiang 310000 

׃̔ ԅ 5G Ḥ ̆ ᶏ └ᵬ

ץ̆ └ ̆ 3Ṑ Ȃץ BMS

̆ ḤԐ ̆-20Ņᵞ Ҋ ᵬ ⱬ Ȃ 

῏ ̔        ̆Ԑ Ữ  -20Ņᵞ ᵬ BMS   5G

Ḥ 

ABSTRACT: The integrated system of LiFePo4 battery for 5G communication is introduced. 

This article includes the fabrication technology of laminated  LiFePo4  battery and the 

fabrication technology of carbon-coated cathode material. That will implement the 3-fold 

discharge characteristics of the cell. As well as the application of BMŜbattery management 

system̃ , integrated Bluetooth communication cloud platform monitoring, and the research of 

operational capability in the low temperature environment of -20 Ņ 

Key words: LiFePo4,carbon-coated,bluetooth,cloud storage, equalization technology, operation at 

the low temperature of 20Ņ,BMS,5G communication 

1  

5GḤ ᴰ ױֲ ԅ ̆ ᶫ ȁ

֜ ̆ ԇ 4G ף Ḃ≠ȂḤ Ҍ ᴰ Ҍ 5G ᵬ̆

Ḡ ԅ Ҭ ’Ҋ 5G ᴰ Ḥ Ȃҍץ 2Gȁ3G 4G Ҍ ̆

5G ̆ ̆ ̆ ᵞȁᵣ ҌῬ ̆

ҹ ᶫԅ Ȃ ╠̆ ҹ 5G

ᶃ ̆ᵖ ̆ 5G Ҭ ̆ ῏Ҋңҩץ‗

Ȃῒѿ̆5G ̆ ᴆ̆ ̆ ̆
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ῒ ⌠ ̕ῒԋ̆5G ╠ 4G 1.5~2Ṑ̆

ҹ̆ ̆ ‗ ’ ֟ ֲⱬȁ ⱬ ⱬ Ȃ

̆ ѿ ̆ ȁ ᴰ ȁ ᵀ Ḥ

ᴰ ̆ ⱬ̆

̆ ‗ ᶭ ֲ ᵞ ̆ 5G ῃ

ΐ ӈȂ 

҉̆ ȁ ԍ 5G Ḥ ҉̆p

֓ ҉ ̆ 1 ̆ Ҭ ץ ҹᶛȂ

ҍῒ ̂ ȁ ̃ ̆ ῃ ȁ

ᵞ ᴨȂ 

    

 >30 Kg >18 Kg <15Kg 

ᵣ  >0.5 m
3
 >0.5 m

3
 <0.5 m

3
 

ᵣұ  24 51 16 

  Ҍ  Ҍ  

₮ ⱬ ῤ  ῤ ȁ  ῤ  

 < 300 ̂ 1  ̃ < 1000 ( 1.5

) 

>2000 ( 5 ) 

( · ) 15% 20% <5% 

ᾟ Ṑ  0.2 ~1C 0.2 ~4C 1~4C 

   ₃Ӎ  

1 Ҍ  ̂48V 20Ah̃  

ȁr 5G Ҭ ῏ Ȃ׆ 1Ҭ ץ

₮̆ҍῒ ̆ ȁᵣ ᴨל Ȃ

׆ ֲ ҉ ̆ 5G Ȃ 5G Ḥ

̆ ̆ ꜚ ҉ ⱳ ̆ ῃ ץ

ᴋ 5G Ḥ Ȃ 

׃ 2  

5G Ḥ ᵣ ̆ ̆ ̆
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ῒ ῏ ᴆ ̆ ‗ ̔ 

2.1  3.2V20 Ah ᴨ  

2.1.1  ̆ └  

└ Ҋץ ̔ 

 

1  

2.1.1.1   

̂ ȁ̃ ╕̂ ԍ PVDF

╕̆ ԍ SBR ╕ ȁ̃ № ╕ ◄℗ ̆№ ҉

̆ ⌠ № № Ȃ ȁ◄℗ ȁ ȁ

̆ ⌠ Ȃ 

ױ Siף № ̆ └ ̆ Si

Ҭ ץ̆ ̆ ѿ ᵞ

ᵣ ̆ ᶏ 5G Ḥ ⱴ ̆ Ȃ 

2̃  

⌠ ῀ ̆ ̆ᶏ ҉̆

ȁ ȁ ȁ Ȃ ̆ᴨ

̆ ⌠ Ȃ 

3̃ ҍ  

⌠ ԍ ῤ ̆ ѿ ⱬҊ Ҋ ̆ ◄℗№

̆ ⌠ Ȃ ̂ ̔ ȁ ȁ ȁ ⱬȁ

̃ Ҭ ȁ Ȃ ̆ᴨ

̆ ⌠ѿ Ȃ 

2.1.2   

1)  
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≠ ꜚ◄℗ ⌠ ℗ ̆ №

̆ ̆ ȁ ȁ ̆ ⌠ 20 Ah Ȃ 

҉̆ ñZò └ ̆ Ҋ ̆ᶏ № ̆

ԍ≠ץ̆ ̕ 

 

2  

҉̆ Ὲ Ғ≠ ̂201020526753.3 201010279805.6̃̆ 16

ҩ 20AH ұ 48V20AH ̆ Ҋ Ȃ ̆

ⱴⱴ ̆ ԅ ᵞ ⱳ Ȃ 

 

3 ұ  

2)  

└ ᾟ Ҍ ᾟ ̆ ᵀ Ȃ

̆ ̆ ̆ᴨ ȁ ץ

ᴨ Ȃ ⌠ ᶃ └ ᴆȂ ̆ ᾟ ̆ ұ

pack̆ 5G Ḥ ̆

ῃ ̆ᴨ Ȃ 

3) ῃ  

₯ȁⱴ ȁ ┬ȁ ȁ └ ̆№ ȁ

’̆ └ ̆ ׆ ȁ ᴨ Ȃ 
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2.2  ҍ  

Ҋ̆Һ ̔ ȁ ꜚḠ ȁ

Һ └ Ȃ 

 

4  

2.2.1  

̂MAXIM 5235̃ᵬҹ ᵣ ̆ ̆

ᴰ Һ ̆ ≠ԍ ̕ 16ᵝ AD ̆

ῤ ̆ ᾧ ̆ ≠ԍ ῃ ̕ 

 

5  

2.2.2  ̂SOC̃  

ᴰ SOC ᶭ № ̆ ȁᾟ ȁṐ

ẫ ̂ SOH̃ ῤ SOC ᵀ ̆ᵀ Ὲ Ҋ̔

() ()0
t

0 0

( )
i t

t l

SOC t S
k k

i t dt
k

OC
Q

t= +ñ ׆̆ ҍ ’ SOCṿ̆‰
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’̆ ≠ԍᶏ 5G ѿ ԋ Ҋ Ḡ └Ȃ ԍ

Ҭ̆ ’̆ Ὲ Ҭ ῏ ᴨ ̆

ᵀ Ȃ 

2.2.3  ҍḠ  

MODBUS ҍ 5G ֜ ̆ ̔ ᵣ

ȁ ȁ ȁ ̆ᶏ↓ └ ץ ̆

ץ פ ᾟ ̆Ḡ ԍ ῃ ̆ ≠ԍ 5G Ḥ

ῃ Ȃ 

2.2.4  APP ҍԐ  

MODBUS ҍ 5G ֜ ̆ ҍ

APP Ḥ̆ Ԑ Ữ ̆ ̔ ᵣ ȁ ȁ ȁ

̆ᶏ↓ └ ץ ̆ ץ פ ᾟ ̆

Ḡ ԍ ῃ ̆ ≠ԍ 5G Ḥ ῃ Ȃ 

2.2.5  ᵞ Ҋ ᵬ └  

ⱴ ᵞ Ҋ ᵬ̆ ᾟ ̆Ḡ

10Ņ̆҉ץ ԍ ṿ 85%̆ ԍ ҙ ‰ 60% ̆ ≠ԍ

5G Ḥ ῃ Ȃ 

3   ῒ 5G Ḥ ҉  

׆     ₮ ̆ ᵬҹ ұ

Ȃ ᴰ ’Ҋ̆ᴨ ᵣ ̆ᶏῒ Ȃ 

    3.2V20Ah ұ 5G Ḥ

(48V20Ah)̆ ᾟ ̆Ṑ ȁ ῃ Ȃ 

 ⌠ 5G Ḥ ҉̆ 5G Ḥ ’

Ҋ̆ ᵬ ⱬ̆ ̆ᴨ ̆

’ ᴆҊ Ȃ 
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6  48V20Ah  

 

4   

 ⱬ ᵬҹ ᵣ̆ ‗

ҍ ᵣ ̆ ԅ Ȃ 

ױ  ₮ () ()0
t

0 0

( )
i t

t l

SOC t S
k k

i t dt
k

OC
Q

t= +ñ ̆

ȁᾟ ȁṐ ẫ ̂SOH̃ ῤ ̆ ‗ ᵀ ̕ 

Ҭⱴ῀ ᴰ ⱬᴨ ̆ ‗ Ҋ ᾟ

ץ̆ ‗ ᵬ ̆ ԅ ᾟ Ṑ ̆4C

98.97%̕  

̆ ⱬ ̆ ̆ ̆ ╠ ̆

֟Ȃ 

 

7 25Ņ  
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[1] ῒ Ḥ ҙҬ Ҭ  שּׂ  Ὲ  2011 

[2] ѿ ԍ DSP ҍ   ֤  2010 
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ʉ ʊ 

Ḥ ῍  

Ҳ  Їמ  

̔ Ḥ ῍ Ҋץ̂ ̃̆ Һ ң ̆ѿ

ҹ DC └ № ȁ ̕ѿ ҹ └ └ № ȁ

Ȃ Һ ῏ DC └ ῍ᾟȁ̓̀

Ȃ 

῏ ̔ ȁ DCȁ῍ᾟȁ῍  

Research on battery sharing management equipment for communication 

base station 

LI chang lei, FU peiliang 

China Academy of Information and Communications Technology 

Abstract̔ The communication base station uses a battery pack sharing management device 

(hereinafter referred to as a combiner). There are mainly two technical routes, one is to control the 

voltage and current of each branch through bidirectional DC; the other is to control each branch by 

pulse width modulation. The voltage and current of the road. This paper mainly studies the 

co-charge, co-discharge and other effects of the bidirectional DC control combiner through the 

relevant experiments. 

Key words̔ Combiner, bidirectional DC, co-charge, co-discharge 

 

ѿҩ Ҭ̆ ῀ №ȁ ῀ №ȁ № ᾟ

└ № № ȁ ῀ ῍ Ȃ ұ ԍ ҍ

ӊ ̆ᾟ ̆ ₮ № ̕ ̆

ѿ̂ /Ҍ ̃ ₮ Ȃ ‗Ҍ ȁҌ ȁҌ

ᶏ ̆ ᵞ ̆ ≠ ̆ ᶫ ҹ

Ȃ Ҭ Ὲ Ҋ̆

‗ ⌠ԅ ̆ ⌠ԅ

Ȃ ҊҺץ DC-DC ԅ ῏ Ȃ 
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ѿȁ ᵬ  

DC Ҋ 1 ̆Һ ҹ № ȁ

└ Ҍ ȁҌ ᶏ ̆ ⌠ ᾟȁ̓̀῍ץ ȁ

ⱳ ̆ Ὶΐѿ Ḥⱳ ̆ ̔ 

1

DCDC1 DCDC4

ΐ

1

FSU

APP

 

1̔ DC  

Һ ԍҬ Ὲ ̆ ׂ 3ȁ4 ῤ

̆ ῤҺ ̆ Ҍ ᴆҊ̆ ̆

̆ ⁞ Ȃ 

ԋȁ ⅞  

ҹ DC ⌠ԅ ̆ ױ 5 ’ ԅ

̆ΐᵣ Ҋ̔ 

1ȁ῍  

Aȁ 2 ̆ ⱳ № ת / ̕ 

bȁ҉ᵝ ᴆ ҹ 0.3C̆ ҉ᵝ ᴆ Ḥ̕ 

cȁ ҉ Ḥ̆ ̕ 

dȁ ҉ ñ ᴨᾢ ò 

eȁ 47.5A ̕ 

fȁ ֜ ̆ ̆ ⌠ ᵞ⌠ 43.2V ꜚҊ  ̕

2ȁ῍ᾟ ᾟ  

҉֜ ̆ ᾟ ̆ ⌠ ᾟ ҹ ̕ 

3ȁ ᾢ  

aȁ ҉ ñ ᴨᾢ ò̕  
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bȁ 47.5A̕  

cȁ ֜ ̆ ̆ ⌠ ᵞ⌠ 43.2V ꜚҊ ̕ 

4ȁҌ ῍ᾟ 

aȁ῏ ᾟ ̆ Ҍ ᾟⱳ ̕ 

bȁ҉֜ ̆ ᾟ ̆ ⌠ᾟ ҹ ̕ 

5ȁҌ ᴆҊ ῍  

aȁñ̓͂ ò / ñ ò̆ Ҍ ⱳ ̕ 

bȁ 47.5A̕  

cȁ ֜ ̆ ̆ ⌠ ᵞ⌠ 43.2V ꜚҊ Ȃ 

҈ȁ  

1ȁ ᵝ DC ѿ ̕ 

2ȁ YOKOGAWA WT1800 ⱳ №  ̕ת

3ȁ  

4ȁ 2 48V ̆ №≢ҹ 75Aĥ ȁ̃100Aĥ 12V Ȃ̃ 

ȁ №  

1ȁ῍  

 

2̔ ῍ ҍ  
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3̔ ῍ ҍ  

҉ ץ ₮̆ ᴆҊ̆ ҍ ԍ ̆ᵖ Ḡ

̆ ꜚ̆ ҍ ̆ ⌠ԅ └̆≠

ԍ Ȃ 

2ȁ῍ᾟ ᾟ  

 

4̔ ῍ᾟ ҍ  
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5̔ ῍ᾟ ҍ  

҉ ץ ₮̆ ᴆҊ῍ᾟ̆ ҍ ԍ ̆

└ ̆ Ḡ ̆ ⌠ ᾟ ṿ Ҋ ̆ ⌠ԅ └Ȃ

⌠ԅ Ḡ ᵬ Ȃ 

3ȁ ᾢ  

 

6̔ ҍ  
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7̔ ҍ  

҉ ץ ₮̆ ̆ ҍ ׅ Ḡ ̆ᵖ ᶏ

ᴨᾢ ̆ № ̆ ῒ Ҋ ѿ ѿ ̆ ̆

ҽ ≠ԍ ҍ ̆ᴨᾢ ᾟ̆№≠ ̆

̆ ╝ ᶫᴨ ᶫ Ȃ 

4ȁҌ ῍ᾟ 

 

8̔Ҍ ῍ᾟ ҍ  
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9̔Ҍ ῍ᾟ ҍ  

҉ ץ ₮̆ Ҍ ῍ᾟ ᴆҊ̆ ҍ ׅ ԍ ̆ᵖᾟ

ׅ ԍҌ ̆ Ẓ ₮ Ḡ

Ҋ Ȃ 

5ȁҌ ᴆҊ ῍  

ұ῀ ̆ ̆ῒ ’ Ҋ̔ 

 

10̔ Ҍ ῍ ҍ  



35 
 

 

11̔ Ҍ ῍ ҍ  

҉ң ץ ₮̆ ҹ Ҋ ̆ᵖ ҍ

֜ ̆ ҹҌ ̆ Ẓ ₮ Ḡ

Ҋ Ȃ 

 

DC └ ̆₃ Ҋ̆Ҍ

ԍ ̆p ҍҌ ̆ DC └ ⌠ №

└̆ ᴨᾢ ⱳ ̆ ╠ Ḥ ҍ ̆

ԍ №╝ Ȃ 

̔ 
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university.2007 
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1Ї ӎ 2Ї ҡ 2
 

Ѓ1Ҳ Ḫ Ḫ Ї ֪Ї100191Ж2ҲῘ ᴓ ῎ Ї ҡ Ї518055Є 

̔ ȁᴏ № ԅ LLC+ MOS ֜ Ả

ᾝ ₮ Ҋ ѿף №̆ ԅ

Һ ᵞ ῏ ῏ Ḡ ̆ ₮ԅ

ᶫ Ҍ≠ ̆ ₮ԅ ‗ Ȃ 

῏ ̔LLC̆ ̆ ̆  

Abstract: Through parameter calculation, simulation analysis and experiment, this paper verifies 

the BUS voltage change of the new generation high efficiency LLC + synchronous MOS 

rectification DC power supply system under AC power off and short circuit fault of rectifier unit, 

the causes of low voltage shutdown of main equipment and overvoltage shutdown protection of 

power supply system are analyzed, The disadvantageous reliability influence of DC power supply 

system because of synchronous rectification short circuit fault is obtained, and the corresponding 

solutions are given. 

Key words: LLC, synchronous rectification, DC power supply system, reliability  

 

ѿף Ҭ̆ ԍ ̆ ᾝ ₮ LLC+ MOS

[1]̆ ҍ ῃ +ԋ ̆ ᾝ ₮ ̆ ғ

ᴆ MOS ̆ ᴨ ̆ᵖ ῀ └̆

└Ḥ ̆ᴪ ̆ ⱳ ₮ ◐ Ȃ 

̆ ₮ Ḡ Ҝ̆ Ḡ Ҝҹ Ḡ Ҝ̆

Ȃ ⱳ ₮ Ҝ ӊ╠̆ ῒ ᵬ ᴪ

ṕ ̆ ᵞ̆ ᵞ ṿ ‗ԍ ῤ ȁ ȁ

Ȃ ῀֜ Ả ’Ҋ̆ MOS

ῤ ₮ MOS ̆ ᵞ 32VץҊᴪᶏҺ

῏ ̆ ғ ῤ ℗ ̂ Ҝ ̃ ₮ ᴪ֟ ԍ 60V

לꜚ ̆ Ḡ ̆ ᵞ ᶫ ᵬ Ȃ 
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̆ ῤ ̆ 1
[2]

 ̔

 

1  

Ҭ Ҋ̔ 

ä ῤ ת ῤ ̆ ῤ  
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= m3.3
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1

_3Rs_battery

1
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1

_1Rs_battery

1

1
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ῒҬ̔Rs_battery_1=13.13mɋ̆Rs_battery_2=12.92mɋ̆ 
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-
3

6
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temp
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c̈  

H
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a

Dwire

a
LwireL m84.1010*

2
ln*4 7 =öö

÷

õ
ææ
ç

å
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÷

õ
æ
ç

å
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ῒҬ̔ Lwire 8m̆
mmDwire 676.6

35
*2 ==
p ̆ Ŭ
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d̈ ῀ I=10A ̆ ₮ң V=220mV̆

 

22mɋ=
I

V
=erRs_rectifi

 

ë 15 ₮  

198mF=15*6)*(2200uf=rC_rectifie  
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f̈ ̆ ₮ ῤ 4mɋ 

ᴏ №  

ᾝ ᴏ [3]̆ 2 Ȃᴏ Ҭ

῀҉ ̆ Ҭ ̆ Channel1

̆ Channel2 ̆ Channel3

̆ Channel4 Ȃ 

 

2 ᴏ  

ᴏ ᴏ ̆ᴏ 3 ̔ 

 

3 ᴏ  

ῒҬ̔Channel1ҹ  

Channel2ҹ  

Channel3ҹ  

Channel4ҹ  

ᴏ׆ ҉ ץ ⌠̔ ᾝ ᵞ 16V̆ ᾝ

90V҉ץȂ 
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̔ 2000AH*4 ȁ 49Vȁ 35mm
2ȁ

8m*4 ȁ ᾝ 15 Ȃ ᾝ ԍ

Ҭ̆ 4 Ȃ 

̔└ ῀֜ Ả ̆ ȁ

₮ Ȃ ꜚ ̆ ᾝ ₮ MOSⱳ

ⱴ 15V ꜚ̆ᶏ ₮ ̆ ₮ ◐ ̆ Ҭ

4 Ȃ 

 

4  

ῒҬ̔ 1 ҹ  

3 ҹ  

4 ҹ  

׆ ҉ ץ ⌠̆ ‖₯ 1.87kĂ ᵞ

34V̆ ᵞ 10V̆ ῏ Ȃ

MOSⱳ ̆ Ȃ ̆

֟ ̆לꜚ ᶏ ̆ 70.4VȂ ᴏ ѿ ̆

ԅᴏ Ȃ 

 

῀֜ Ả ’Ҋ̆ MOS ᾝ ῤ

MOS Ҋ̆ ᵞ ᶏҺ ῏ ̆ ғ ῤ ℗
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₮ ᴪ֟ ԍ 60V ̆ ₮ Ḡ ̆ ԍ№

₮ Ḡ ̆ ᶏ֜ ῀ ̆ ᾝӞҌ

ᵬ̆ Ȃ 

ҹ ᵬ ̆Ḡ Һ ῃ ̔ └

ᵬ ̆ ᾧ MOS ⱳ ̕ᴨ Ḡ ̆ Ḥ ᵞ

̆ᶏḠ Ҍ ԍ ̕ ᾝ ₮ ⱴ ᴆ ORing
[4]̆

̆ ᾧ ᵞȂᵖ ORing ᴪ ⱴ ̆ Ҍ≠

Ȃ ̆ Ҭ ҍ ӊ ̕

ῤ ̆ ԍ Ҥ Ȃ 

 

[1] Murakami N, Yamasaki M. Analysis of a Rasonant Condition for a Single-ended Forward 

Converter. IEEE, PESC, 1998: 1018͘1023. 

[2] . ῏ ҍ [M]. ֤̔ ҙ₮ , 1999, 2. 

[3] SIMetrix/SIMPLIS User Manual, Transim Technology Corporation, 2005. 

[4] D Morrison.Controller+MOSFET Equals Smaller ORing Solutions,Power Electronics 

Technology,2008(8).  

 

http://xueshu.baidu.com/s?wd=paperuri:(f4023cab56db2d1689b7638b2e92b4fd)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://connection.ebscohost.com/c/articles/34384571/controller-mosfet-equals-smaller-oring-solutions&ie=utf-8&sc_us=12070662195789967692
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ʉ ʊ 

ᾣ ▫ №  

Ḫ ῎    

̔ᾣ Ҭ ̂ ̃ ҍ Ә ▫ ᾣ ̆ №

ԅ Ҭ ῒ ̆ ₮ԅ ‗ Ȃ 

῏ ̔ᾣ ̕ ̂ ̃ ̕ Ә ̕▫ ̕  

1  

ᾣ ᾣ №̆ Ҭ ᾣ Ḡ

ᵬ Ȃ - Ә ̂ A ̃ - Ә ̂ S ̃ ᾣ

ȂA(S) ᾣ ⱴ ѿ ̂ ̃ ̆

ѿ Ә ᶏ̆ Ә ӊ ץ̆ ң ӊ

ԑ ҹѿᵣȂ 

Ҍֽ └ ᵈ ̆ ғ ᾣ ̆

ᾣ ᶷ ⱬȂ ᾣץ ▫ Ҍ ᾣ ֟ ‰Ҭ

↕Ҭ Ạ₮ԅ Ȃ‰ ᾣ ▫ ᾣ

№ ӈȂ Һ ᾣ ̂ ̃ ҍ Ә ▫

№ , ₮ԅ ‗ Ȃ 

2  

╠ YD/T 837.3-1996Ҭ 4.9 ▫ ̂Ӟ

ԍ ҍ Ә ▫ Ȃ̃ ᾣ ֟ ‰Ҭ Ȃ 

2.1  

ⱬ ȁ ̂№ ṿ 0.02mm)ȁ ≠ ‖₴Ȃ 

2.2 ᴆ 

▫ ̔180°̕ ▫ ̔̂ 100±5̃mm /minȂ 

2.3Һ  
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YD/T 837.3-1996 ̆≠ ≠ ‖₴ ῒז ׆ ҉ 3

ҩ Ȃ 150mm̆ 15mmȂ Ҍ 45mm ̂ 14.3mm̃̆

ҹ ҈№ӊѿ̆ ԍᾣ ҍ ̆ ᵬ ‖₴ ᶏ 6mm

10mmң Ȃ ѿ ̂ ̃ ҍ № 50mm ̆ № ̂ ̃

ⱬ ҉ ΐ̆ ⱬ Ҋ ΐ̆ ᴆ ̆ ҩ▫ Ȃ 

2.4  

῀ ▫ ̆ ▫ 8 ѿҩ▫ ⱬ̆ ⌠ 0.1N̆

Ҍ ԍ 7 Ȃ ҩ ▫ ▫ ⱬ̂ ⱬ ₮̃̆

8 ▫ ⱬ ṿ̆ ▫ ⱬ̆ ҩ ▫

Ὲ ̂1̃ Ȃ 3ҩ ▫ ṿȂ 

0

0

F
F

B
=               éééééééé(1) 

Ҭ̔ 

Fðð ▫ ̆N/mm̕  

F0ðð ▫ ⱬ̆N̕ 

B0ðð ̆mmȂ 

3 №  

3.1 └  

ԍ ᾣ ҉└ ̆ └ץ 1 ’Ȃ

≢ ᾣ ȁ ᾣ ▫Ẓ ’Ҋ ₮ ̆ ԅ

̆ ᴪ ‰ Ȃ 

1Ҭ 1 ̆p ̆ Ҍѿ 2̕ ҍ Ә

̆ᵖ₮ ̕3 ̆ᵖ ԍ Ә ̕4

ҹ ̆ ̆ ̆ ѿ Ȃ 
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1  

3.1.1 Ҍѿ  

ԍᾣ ₮ └ ‖₴ҍ ₮ Ẓ ̆↕ └ ѿҩ

₮ Ҍѿ ’̆ ҹѿ Ȃѿҩ Ҍѿ ᴪ B0

‰ ׆̆ ₮ Ẓ Ȃ ѿҩ Ҍѿ ,

2̆ Ҭ ҹᵝ ̆ ᵝҹ mm̕ ҹ ⱬṿ̆ ᵝҹ NȂ 

 

2 ▫ ⱬ  

2Ҭ 0mm͘ 30mm ▫ ⱬ ԍ 90mm͘ 150mm ̆ ғ 30mm͘ 90mm ▫

ⱬ ⁞ Ȃ № ̆҈ ▫ ⱬ Ҍ ̆ ≢ 30mm͘ 90mm

▫ ⱬ ⁞ ̆ № ↕ Ȃ ’ ԍ B0 ‰ ṿ̆

Ẓ Ẓ ׆̆ ‰ Ȃ 
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3.1.2 ‖₴ Ҍѿ  

ᾣ ‖₴ Ҍ ̆ ₮ ҍ‖₴

Ҍѿ ̆ 1Ҭ 3 Ȃ 

ѿ׆ GYTA 12B1.3 ᾣ ҉ 6.0mm ‖₴└ ԅ 3ҩ ̆

1Ȃ 

1  

 ̂mm̃ ▫ ⱬ̂Ñ ▫ ̂N/mm  ̃

1 6.0 7.9 1.3 

2 6.0 7.2 1.2 

3 6.0 7.6 1.3 

 1.3 

YD/T 901-2009Ҭ ▫ Ҍ ԍ 1.4N/mm̆ ↕ Ҍ Ȃ ̆

Ә Ҍѿ ғ̆ ԍ‖₴ ҹ̆ԅ‰

̆ ׆ 3ҩ ҉№≢ №≢ҹ̔5.2mmȁ5.1mmȁ

5.2mmȂ ҍ Ә ӊ ̆ 2̆↕

Ȃ 

2 ḱ  

 ̂mm̃ ▫ ⱬ̂Ñ ▫ ̂N/mm  ̃

1 5.2 7.9 1.5 

2 5.1 7.2 1.4 

3 5.2 7.6 1.5 

 1.5 

Ҭ ԅ ‖₴ Ҍѿ ’ᴪ B0Ẓ ̆

FẒ Ȃ 

└ ѿҩ ̆ └ Ҍ ̆ ȁ ᴪҤ

‰ Ȃ ԍᾣ ▫ └̆ ᶏ ‖₴̆└

ᶏ ҍ‖₴ ѿ ̆ғ ȁ ┬ȁ Ȃ 

3.2  

3.2.1 ҍ B0 ῏  
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׆’ ᾣ ҉└ ᴪ ѿ ̆ 3 Ȃ 

 

3  

AB ҹ B0̆Rҹ ̆X ҹ‖₴ ȂAB ȁ‖₴

῏ Ὲ ̂2 Ȃ̃ 

2R×
2R

X
sin arc=AB               éééééééé(2) 

3Ҭ Xᵬҹ B0 ↕̆ᴪ Ҍ ῀

ȹB0̆ Ὲ ̂3 Ȃ̃ ҹ AB ̘X̆ ᴪ ▫ ԍ

ῒ ṿȂ 

XAB -=0ȹB           éééééééééé.(3) 

y=ȹB0,ץ Xᵬҹ Ὲ ̂3̃ ̆ Ὲ ̂4 Ȃ̃ 

1

)
2R

X
(-1

1
=y

2

-           (4) 

ԍ X ҹ 0͘2R̆ ץ y´̘0̆ Ҍ ’Ҋ̆ ȹB0

ᴪ X̂└ ̃ ⱴ ⱴ̆ X ⱴ▫ ⱴẒ

ṿȂ 

ᶛ ̔ ѿ GYTA 144B1.3 ᾣ ̆ ῤ ҹ 13mmȂ 10mm ‖₴└ ▫

̆ ̂2̃ ҹ 11.3mm̆ ▫ ⱬ F0Ҍ ̆↕▫ F

ҹ 13%̆ ᶏ Ẓ Ȃ 

Ȃ ▫ ▫ Ạ

҉ ̆ ῤ ̂ ̃ Ῥ Ȃ 

 

3.2.2 ▫ ⱬ 

ץ Ҭ ѿ ᾣ №≢ 6mm 10mm ‖₴└ Ҍ

ѿ ̆ ԍ╠ , ▫ Ȃҹ ẠԅץҊ  ̔

R 

X 
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׆ GYTA 96B1.3 ᾣ ҉ 10mm ‖₴ 6ҩ ̆№≢ ҹ 1 6Ȃ

Ῥ ҹ 2ȁ4ȁ6 ℗Ҭ׆≢№ ̆ѿ№ҹԋ̆№≢ ҹ 2-1ȁ2-2ȁ4-1ȁ4-2ȁ6-1ȁ

6-2Ȃ ҩ ̆ҹԅ ‰ B0̆ ▫

̆ 3Ȃ 

3  

 
 

̂mm̃ 

▫ ⱬ 

̂Ñ 

▫  

̂N/mm̃ 

ṿ 

̂N/mm̃ 

 

1 11.8 35.2 3.0 

3.0 3 12.4 37.1 3.0 

5 11.9 35.7 3.0 

 

2-1 5.4 8.4 
2.1 

2.1 

2-2 6.8 17.4 

4-1 5.5 9.7 
2.2 

4-2 6.4 16.6 

6-1 5.2 7.8 
2.1 

6-2 6.5 16.4 

׆ № ץ ̆ ѿ ᾣ ҉└ ̆ ▫ ԍ Ȃ

ҹԅ ѿ ̆ Ῥ Ҍ ȁҌ ȁҌ ֟ ᾣ ̆

└ ԅ ̆ 4Ȃ 

4  

ᾣ  

 

▫

̂N/mm̃ 

 

▫

̂N/mm̃ 

ᾣ  

 

▫

̂N/mm̃ 

 

▫

̂N/mm̃ 

1 3.0 2.1 6 1.7 1.1 

2 2.5 1.7 7 4.0 2.4 

3 2.7 1.5 8 2.9 1.8 

4 5.8 3.8 9 3.6 2.3 

5 3.3 2.2 10 5.4 3.5 

▫ № ̆ ▫ ңᶷ ̆Ҭ

Ȃ ▫ ⱬ ▫ № 4̂ã № ̆

4̂ b̃ № ̆ ▫ ⱬᾢᵬ ⌠ ң↕Ῥ ᵬ ⌠Ҭ ᵝ Ȃ

ҹ 4̂b̃Ҭ ▫ ⱬҍ 4̂ã № ⱬ ̆ңᶷ ▫ ⱬ ԍҬ

▫ ⱬ̆↕ ץ ҉ Ạ₮ № Ȃ 
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(a) №    (b) №  

4 ⱬ  

̆└ ҍᾣ ‖₴̆ᶏ └ ѿ ῤȂ

‖₴ ԍᾣ ̆ғ ‖ ׆ ̂ ̃ ᶷ‖ Ә ᶷ̆ᶏ

└ Ȃᵖ ӞҌ ̆ ҹ ̂ ̃ ҍ Ә

̆ ₮ Ẽ Ȃ 

3.3  

Ҍ‰ Һ Ȃ ԅ 3.1ȁ3.2Ҭ ᴪ

ץ ̆ ҍ Ӟᴪ B0

Ȃ‰ B0 Ḡ ‰ ῏ ̆ ҍ

Ḡ ̆ ҉ҬҊ ṿȂ 

3.4  

Ҭ ⱬ ҉Ҋ ΐӊ ̆ҍ ΐ ῏ Ȃ

Ҭ ԍ ֲ ᵬҌ ẁ ẁ ׆̆

▫ ̂ ̃ ҍ Ә ԍ ̆ 5 Ȃ 

 

5ẁ ▫  
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5̆ ẁ ҍ▫ ⱬ ѿҩ ̆ ԍ AC ̆ᵖ

ԍ ẁ ̆ ▫ ҹ AB ̆ғ AB ԍ AC

Ȃ ѿ ▫ F ̆ Ὲ F0=F×B 0↕ FAB̘FACȂ Ҭ ץ AB ̆

ҹ AB=AC=B0 ̆↕ F0=FAB/B0 Ẓ Ȃ 

3.5▫  

ᾣ Ҭ ̂ ̃ ҹ 0.15mm , ԍ ̆

ѿ ̆ ҍ № ̆▫ 90°͘ 180°ӊ ̆

180° ▫ ̆ ᴆҌѿ ‰ ̂ Ӟ ▫

Һ ӊѿ̆ᵖ ᾣ Ҍᵬҹ Ȃ̃ ̂ ̃

ҍ Ә № 180°̆ № №ҍ ̂ ̃ Ḡ ̆

Ḡ▫ ҹ 180°Ȃ ץ ̆ ▫ Ȃ  

YD/T 837.3-1996Ҭ ѿ ̂ ̃ ҍ Ә ᾢ№ 50mm̆

Ῥ ΐ҉Ȃ ԍ ҹ 150mm̆ № 50mm 100mm №

ᵈ▫ ̆ ⱬ ΐ ѿ ̆ ▫ 100mm ΐ └̆ᶏῒҌ ҍ№

Ḡ ₮̆ ԅѿҩ ɗȂ ɗ ҍ ΐ ῏̆ 6ã

̆ ᴪ ▫ ̆ Ẓ Ȃ ̆ ̂ ̃ ҍ Ә

№ ̆҉ץ1/2 ᾧ₮ ɗ ̆ 6̂b̃ ̆ L1=L2̘

L3 ̆ ץ ᾧ ҹ ΐ ▫ Ȃ 

YD/T 837.3-1996 ץ L3 Ҍ ԍ50mm̆ ץ Ҍ 150mm

’Ҋ̆ ̂ ̃ ҍ Ә № ғҌ҉ץ1/2 2/3̆

ɗ Ȃ 
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ã№ 50mm ᵈ         b̃№ ҉ץ1/2 ᵈ  

6 ▫ ᶷ  

4  

’̆ ᾣ ▫ Ҋ₃ץ Ȃ 

1̃ ▫ᾣ Ȃᾣ ▫╠ ᾣ ̆ ↕ Ҍ ᴴᾣ

╠ Ҋ ᾣ ̆ᾣ ▫ ҌẒ ̆ Ȃ 

2̃ ‖₴Ȃ‖₴ ≠ ̆ ̆ ԍᾣ ̕‖ ‖₴

ҍᾣ ̆ғ׆ ̂ ̃ ᶷ‖ Ә ᶷȂ 

3̃└ ‰ Ȃ└ ̂ ̃ ҍ Ә ȁ ȁ

ғ ┬ȁ Ȃ 

4 ‰̃ B0Ȃ ѿ ↕̆ ▫ ▫

Ạ҉ ̆ ῤ ̂ ̃ Ȃ 

5̃ ᵬȁה Ȃ ҉Ҋ ΐӊ ̆ғҍ ΐḠ Ȃ 

6̃ ▫ Ȃ ̂ ̃ ҍ № ғҌ̆҉ץ1/2

2/3̆ Ḡ▫ ҹ 180°Ȃ ץ ̆ ▫ Ȃ 

7̃‰ Ȃ₮ ᵈᵝ Ҍ ȁҬ ȁ ̂ ̃
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̆Ҍ ᵬҹ Ȃ 

YD/T 837.3-1996ȇ ῤ Ḥ Ȉ ῤ

Ḥ └ ̆ ᾣ ֟ ‰Ҭ ▫ ԅ ‰̆p ԍ ᾣ

ԍ ̆ ץ ᾣ Ҭᴪ Ҍ ӊ ̆ ԇץ Ȃ 

 

[1] YD/T 837.3-1996 ῤ Ḥ  3 № 

 

[2] YD/T 901-2009 Ḥ ᾣ  

ᵬ  ׃

̂1993ð)̆ ̆ Ḥ ҒҙȂ2016 ԍ Ḥ Ὲ ̂Ḥ

֟ҙ Ḥ֟ Ҭ ̃̆ Ԋᾣ׆ ᵬȂ 
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ᴇᵣ ҍ  

Ҳ     − 

1  

ᵬ ᵣ Һ ᵣ̆ ȁ ᴪ Һᵣ

῏ ‰ ᴇ ΐȂ ╠̆ ꜚ + ̆ Ⱶ└ ҙȁ

ȁ ῐ֟ҙ ԅ ᵬ Ȃ֟ ѿ ֟

ᴇ ̆ ᴑҙ ̆ ֟ ֟

̆ ᴆ ̆ ӥ ᾛ ֟ ҉ ץ̆ Ḥᴋ

ԈҬ ԍ ≠ ᵝȂ ᵬץ ̆ ֟ ȁ ҙ ȁ

Ḡ ≠ ԅ ᵬ Ȃ 

֟ ꜚ ѿҩ ̆ № Ҍΐ ⱬ̆

֟ ᴋⱵ№ Ҭ ᴪ̂ץҊ ñCNASò̃ ΐ

ҙⱵ Ȃ Ạ₮ ‗ ῏

ᵬ ץ̆ ȇ Ⱳ Ȉȁȇ῏ԍⱴ ᵬ Ȉ ѿ ↓

₮ ḱ ̆ ℗ ῒ ̆

ץ ᾧñ Ӱ òȁ Ҍ ȁ Ҍ Ȃ ̆ ԍ ѿ

ҙⱵ ȁ ᴋⱵ ȁ ̆ ╠ ѿ

№ Ȃ ̆֗ ѿ ᴇ

ᵣ ȁ ȁΐᵣ ῃץ̆ ȁ ȁ № ’Ȃ 

2 № ᴇᵣ  

№ ԍ ᴇᵣ ̆ № ᴇ

ᵣ ̆ ᴇᵣ № ₮ ṿȂ 

2.1 №  

№ ѿҩ ̆ ᴇᵣ ᾢ

ᴇ ΐᵣ Ȃҹԅ ῏ ̆ Ṣ ῒז ҙ ᴇᵣ CNASȁ

̆ Ҋץ₮ ̆ Ҋ Ȃ 
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ᴇ

ҍ ᵬ

’

ᴪ ҙ

’ ’  

1  

ҍ ȁ ӊ ȁ ҍ № Ȃ ᴇ№ҹ

ȁ ȁ ȁ ҍ ᵬȂ 

1̃  

CNASᶭ ISO/IEC 17025ȇ ‰ ⱬ‰↕Ȉֲ׆ ȁ

ᴆȁ ȁ ‰ ȁ ȁ ‰ ȁ ‰

Ḡ ȁ ̆ ҉ ‰

↕ Ȃ ҹῒ CNASȁ ῏ └ Ȃ ̆

№ Ḥ Ҍ̆Ῥ ȁ └

Ȃ ̆ №ҹ ȁ ’Ȃ 

2̃  

ȁCNAS ᴪ Ҍ ⱴ

ᵬ̆ ғ ֓ Ὲ Ȃῒז ᴪ ᵣ ᴑҙȁ

Ӟᴪ ꜚ Ȃ ╠ ̆ל ⱬ ῒ̆ ῒ

ᴪ ֟ Ȃ ᴪ ȁ ȁ

ҙ Ȃ 

3̃  

֟ ᵬҹ֟ № ῒ̆ Ȃ ̆

ᵣ ̆ №ᵬҹ Ȃ ῤ

ҍ ֟ ѿ ȁ ȁ

Ȃ № ȁ ’ ȁ

Ȃ 
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4̃ ҍ ᵬ 

׆ ̆Ӟᴪ῏ ҍῒ Ȃ Һ ᵣ 1̃

̔ ֟ ҩ ̆ ᵬ

֟ ᵬ ̕2̃ ̔ ҙⱵ ҍ ҙⱵ

ȁ ᴋⱵ ’ ҙⱵ֟ ̕3̃ ̔ ΐ

̆ ҙⱵҌ ԍ ҙⱵ̆ ῏ҙⱵ ̆ ҍ

ԑ ̕4̃ ̔ ѿ ᴪ ҍ֟

ᶭ ҙ ‰ȁ ‰ └ ᵬ̆ ꜛ └ ↕

ᴆ̆ ⌠Ԋ ⱳṐ ̕ ̆ ҍ ῏ ⱬ ꜚ ҍ

ҙⱵ ῍ ꜛⱬᵬ Ȃ № ’ȁ

’ȁ ’Ȃ 

2.2  

∞ ṿ ңҩᾝ ӊ ṿ̆ ңҩᾝ ҹ iȁj̆ ҹ aij,ᾝ

n ̆ ץ ₮∞ Ȃ aij ṿ

ҍ ↕ȁ Ȃ 1-9 ̆ ₮ ῏

№ ̆ ⌠ ṿȂ 

3 ᴇᵣ  

3.1  

ᴇᵣ ғ ғ̆ ֓ ̆

ȁ ῏ Ȃ҉ ᵣ Һ

Ҋ ̔ 

ü Һ ’ ҉ ̆

Ḥ CNASȁ ̕ 

ü Һ ₮ ȁ

ץ ῒ ̕ 

ü Һ ȁCNAS ץ ῒז ᴪ ᵣ

ꜚ Ȃ 

ü ҍ ᵬҺ ҍ ԑ ̆
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ᵬ Һ ҉ ȁ ᴋⱵ

ᶛȁ ῏ҙⱵ ’ȁ ȁ

Ȃ 

3.2 ᴇ ׃  

ᴇᵣ ץ ῃ ȁ ᵣ ᴇ̆

Ȃ ᴇᵣ 11ҩ ̆ ԅ ȁ ȁ

ȁ ҍ ᵬ 4ҩ ̆ ᴪ ᵣ Ȃҹԅ

⁞ ֲҹ ᴇ Һ ̆ ᴇ Ҥ ̆ №└ ᴇ Ȃ Ҋѿ

ᴇ ̆ № ꜚ ҹ 100№Ȃ 

ᵣ Ҭ ץ 100№ҹ ‰ ԅ Ȃ №

№ṿ Ȃ ̆ № № ’ⱴ

Ȃ 

ᴇ ̆ ̆ ᵣ ᴇ ̆ ץ

ᵣ ’ ᴇ̆Ḃԍ ῒ Ȃ 

3.3  

Ḥ ⌠ ≠̆ ҈ ῀ף ᴇᵣ ᴇ Ҭ̆

⌠ №ҍ ̆ № ’ № ̆ № Ȃ

ᴇ ץ № ֟ Һ ̆ ᵣ ₮ ̆

̆ ҙⱵ̆ ҙⱵȂҹԅ ꞉

̆ ⱴ ꜚ̆ ᴇ Ҋ ̔ 

ᾢ̆ ⱳ ̆ ᴆᾛ ’Ҋ ≢ ԇ ꞉

̆ҹῒ ̆ᾧԍ ꜚ̆ҹ ᶫ ΐ

̆ ꜚ Ȃ 

ῒ ̆ ≢ ᵞ ҉ѿ ̆ ⱴ Ȃ ₮

ñ ò ҹ ↓ҹ ̆ ̆ⱴ Ȃ ñ ò

└ ↓̆῀ Ҥ̆ ῏ ӄ ῒ Ȃ 

4  

֟ № ̆ ȁ

ȁ ҍ ’ Ạѿҩ ᴇ̆ ╠ ӎ ᵣ ᴇ └ ῃ
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№ ᴇ̆ ₮ԅ ᵥ ᴇᵣ Ȃ Ҭ ׆

ᵣ ȁ ȁץ ᴇᵣ ᵥ Ạԅ׃ ̆ ץ

ΐᵣ ᵣ ᶫ Ȃ 
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ʉ Ԏ ʊ 

YD/T 1272.3-2015 ‰  

Ҳ Ḫ ῎   ∏ ằɻ  

̔№ ԅ YD/T 1272.3-2015ȇᾣ ꜚ 3 №̔SC Ȉ ‰ ֟

ȁ ץ Ҭ ̆ ₮ԅḱ Ȃ 

῏ ̔ ‰̕ᾣ ꜚ ̕ ῀ ̕ ̕  

1  

ᾣ ꜚ ᾣ Ḥ Ҭ ᶏ ᾣ ֟ ῒ̆ ҙ ‰Һ 1272

↓̔ 1 № LC ȁ 2 № MT-RJ ȁ 3 № SC ȁ 4 № FC 5 №

MPO ȂῒҬ SC ᾣ ꜚ ԅ YD/T 895-1997ȁYD/T 1272.3-2005ңҩ ̆

╠ 2015 7 14 ȁ 10 1 YD/T 1272.3-2015 Ȃ 

̆⌠ ╠ҹ ̆ SC ᾣ ꜚ 2015 ‰ ԅ̆ҙ

֟ ׅ YD/T 1272.3-2005 ̆ᴑҙᶭ 2005 ‰ ֟̆

2̆015 ‰ ҉ Ȃ2015 ‰ҍ 2005 ‰ ῒ̆

̆ ᴆ ̆ ̆ ᴑҙ ȁ ֟

ⱬ̆ ‰ ӊѿȂ ̆2015 ‰

ῤ ̆ ֟ ȁ Ҭ Ҍ ȁҌ ̆Ӟ

ῒ ᵬ Ҍ ̆ Ȃ 

ᾣ ᴆ֟ ̆ Һ YD/T 

1272.3-2015ȇᾣ ꜚ 3 №̔SC Ȉ ‰ ̆ ₮ԅ

Ȃ 

2 YD/T 1272.3-2015 ‰  

2.1 YD/T 1272.3-2015 ‰Ҭ ҉Ҍ  

YD/T 1272.3-2015ȇᾣ ꜚ 3 №̔SC ȈҬ ȁ

̂ ȁ̃ ȁ ȁ ῍Έ Ȃ Έ
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‰Ҭ Ҍ ӊ ̆ΐᵣ Ҋ̔ 

YD/T 1272.3-2015 ‰ 4.5.1 ñᾣ ò(YD/T 1272.3-2015 ‰ 10̃ Ҭ

ԅ ̂ ̃ ῀ ȁ ῀ ̆ᵖ

ȁ ̂ ̃ ̆ YD/T 1272.3-2015

‰ 10 11Ҭ ᾟȂ 

YD/T 1272.3-2015 ‰ 4.5.3 ñ ῀ ò(YD/T 

1272.3-2015 ‰ 11̃ Ҭ ԅ

῀ ȁ ̆p ’ҊҌ ̆

YD/T 1272.3-2015 ‰ 11 Ҭ ᾟ Ȃ ԍԑ ̆ ῀

10ҩ ӊ ṿ̆ ╠ ∆ ṿ ҩ ҍ ‰

ṿ̆ ԍ Ҍ ̆ ╠ ṿ Ҍΐ ̆ ῒ ῀

Ҍ ̆ YD/T 1272.3-2015 ‰ 11Ҭ− ԑ ӊ ῀

Ò0.3dBȂ 

YD/T 1272.3-2015 ‰ D D.1ñᾣ òҬ ԅ ῀

ȁ ῀ ̆ᵖ ȁ

̆ YD/T 1272.3-2015 ‰ D.1Ҭ ᾟ Ȃ 

ȁ ̂ ȁ̃ ȁ ȁ ̆ Ḥ

Ҭ Ȃᵬҹѿᴍ SC ᾣ ꜚ ‰̆

ῃ̆ ֟ ȁᶏ ᵝȁ ѿ ∞ ᶭ ̆

Ḡ ֟ Ḥ ᴰ Ȃ 

2.2 YD/T 1272.3-2015 ‰Ҭ ҉ Ҍ

 

YD/T 1272.3-2015 ‰Ҭ῏ԍ ῀

̆ ̔ ‰ 6.5.1 ῏ԍ ῀ ̆ ‰ 6.5.2 ῏ԍ

̂ ̃ ῀ ̆ ‰ 6.5.3 ῏ԍ / ῀ ̆

‰ DҬ ῏ԍ ῀ Ȃ 

ᵖ ⌠ ̆YD/T 1272.3-2015 ‰ 6.6

6̔.6.1 ֽ ᶫԅ῏ԍ ̆ 6.6.2 ף

ת ᶏ ӥȂ ̆ ױ ץ ⌠̆ YD/T 1272.3-2015 ‰ D

ᶫԅ ȂӞ ̆ ԍ ȁ
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̂ ȁ̃ ȁ ȁ Έ ̆ ԅ

Ҍ ̆ ╠ YD/T 1272.3-2015 ‰Ҭׅ ԍ ȁ

҈ ῤ ȂҊ ҈

₮ ᾟ ̔ 

 

ף ҍ YD/T 1272.3-2015 ‰ D.3 b)

ᵌ̂ 1 Ȃ̃ᵖ ≢ ̆ ӊ ̆

T1T2 T2 ̆

T2 ̕ ̆ T1 ᾣ

̆ Ҍ T1T2 ̆ ᵣ Ȃ 

 

1  

 

YD/T 1272.3-2015 ‰ 6.5.3 ῀

̆ῒ Ӟ ᵌ Ȃ 

 

2  

2ã ‰ S1 ҍ ת ̆ ‰ S2
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̆ S2 ׆̆ Ȃ 

2b̃ ̆ ‰ S1S2 Ҭ ᵝ ̆ ԍ 1

2ӊ ̂ ҩ ̖0.03dB̃Ȃ ̆ ‰ S2

̆ S2 ׆̆

Ȃ 

ԍ ╠ ҉ ѿת ΐ ῀ ⱳ ̆

ᵬҬ̆ ῀ ᶭ ̆ ᾣⱳ Ÿ

Ÿ ῀ Ÿ ̆ ῀

Ȃ                     

2.3 YD/T 1272.3-2015 ‰Ҭ  

1)YD/T 1272.3-2015 ‰ 4 ñ ò 5 ñ

ò Ҍ ̆ ‰Ҭ ñ ò ѿҩ BL

ñ ò Ҭ ᵣ Ȃ 

3̂YD/T 1272.3-2015 ‰Ҭ 1̃ ᵝ ԅ BL ̆

ᾟ 4 ᵝ BL Ȃ 

                       

3 ̂̂ YD/T 1272.3-2015 ‰Ҭ 1̃      4  

Ҋ 1̂ YD/T 1272.3-2015 ‰Ҭ 14̃ Y̆D/T 1272.3-2015 ‰ 18 ñ

òC3 ᵈ ӄ ӊ ԅѿ №◓ ̆

ᵝ ṿ Ҭᵝ Ҍ Ȃ 
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1 ̂YD/T 1272.3-2015 ‰Ҭ 14̃  

3̃YD/T 1272.3-2015 ‰ 21 ñ ῀ ò

̂YD/T 1272.3-2015 ‰Ҭ 13̃ Ҭ̆ ԍᾣⱳ

Ҍ ̆ ‰ ̆ T1T2 ḱ ҹ S1S2̆

Ҭ T1 T2 №≢ḱ ҹ S1 S2 Ȃ 

4̃ⱴ ᴆ ̔ -10Ņ~+65Ņ̕ 90%~100%̕ ҹ 14

Ȃ Ҋ 5̂ YD/T 1272.3-2015 ‰Ҭ 19̃ Y̆D/T 1272.3-2015 ‰ 25 ñⱴ

ò ᵣ ᵥ ̆ ҉ Ӟ ҩ

҉ Ҋ ׆ֽ̆ ҉ ץ ⌠10Ņ-׆̔₮ 65Ņ

ᵣ ׆̆ 65Ņ⌠-10Ņ ᵣ Ȃ

ᴆ̆ Ҭ Ҍΐ ᵬ Ȃ 

 

5 ⱴ ̂YD/T 1272.3-2015 ‰Ҭ 19̃  

҉̆YD/T 1272.3-2015 ‰ Telcordia ‰ GR-326-COREҬ῏ԍⱴ

ΐᵣ ̔ Ҋ 6̂ GR326 ‰Ҭ 4-4̃̆ GR-326

└ Ҭ ԅᵣ └̆ ԅ └ ȂGR326 ‰Ҭ Ҋ










