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T¬ng thÝch ®iÖn tõ (EMC) 

miÔn nhiÔm ®èi víi xung 

Ph¬ng ph¸p ®o vµ thö 

(Ban hµnh kÌm theo QuyÕt ®Þnh sè 28/2002/Q§-BBCVT ngµy 18/12/2002 

 cña Bé trëng Bé Bu chÝnh, ViÔn th«ng) 
 

1. Ph¹m vi  

Tiªu chuÈn nµy quy ®Þnh c¸c yªu cÇu vÒ kh¶ n¨ng miÔn nhiÔm, c¸c ph¬ng 

ph¸p thö, møc thö khuyÕn nghÞ cho thiÕt bÞ ®èi víi c¸c xung ®¬n cùc do hiÖn tîng 

qu¸ ¸p t¹o ra khi ®ãng ng¾t m¹ch hoÆc do sÐt ®¸nh. C¸c møc thö kh¸c nhau ¸p 

dông ®èi víi m«i trêng vµ c¸c ®iÒu kiÖn l¾p ®Æt kh¸c nhau. C¸c yªu cÇu nµy ¸p 

dông cho thiÕt bÞ ®iÖn vµ ®iÖn tö. 

Môc ®Ých cña tiªu chuÈn nµy lµ thiÕt lËp mét chuÈn chung ®Ó ®¸nh gi¸ chÊt 

lîng ho¹t ®éng cña thiÕt bÞ khi thiÕt bÞ chÞu t¸c ®éng cña c¸c nguån nhiÔu n¨ng 

lîng lín tõ ®êng d©y nguån vµ c¸c ®êng d©y liªn kÕt. 

Tiªu chuÈn nµy quy ®Þnh: 

- C¸c møc thö; 

- ThiÕt bÞ thö; 

- CÊu h×nh thö; 

- Thñ tôc thö. 

NhiÖm vô cña phÐp thö trong phßng thö lµ x¸c ®Þnh ph¶n øng cña EUT ®èi víi 

nh÷ng xung ®iÖn ¸p do ¶nh hëng cña ho¹t ®éng ®ãng ng¾t m¹ch vµ sÐt ë c¸c møc 

®e däa nhÊt ®Þnh, trong c¸c ®iÒu kiÖn ho¹t ®éng x¸c ®Þnh. 

Tiªu chuÈn nµy kh«ng ®Ò cËp ®Õn viÖc thö kh¶ n¨ng chÞu ®ùng ®iÖn ¸p cao cña 

líp c¸ch ®iÖn còng nh c¸c ¶nh hëng do sÐt ®¸nh trùc tiÕp. 

Tiªu chuÈn nµy kh«ng quy ®Þnh c¸c phÐp thö ¸p dông cho thiÕt bÞ hoÆc hÖ 

thèng cô thÓ. Môc ®Ých chÝnh cña tiªu chuÈn lµ ®a ra mét chuÈn chung cho c¸c c¬ 

quan qu¶n lý chÊt lîng s¶n phÈm. C¸c c¬ quan qu¶n lý chÊt lîng s¶n phÈm (hoÆc 
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ngêi sö dông vµ nhµ s¶n xuÊt thiÕt bÞ) cã nhiÖm vô lùa chän c¸c phÐp thö vµ møc 

®é kh¾c nghiÖt thÝch hîp ®Ó ¸p dông ®èi víi s¶n phÈm cña m×nh. 

Chó ý: Tiªu chuÈn nµy ®îc ¸p dông cho c¸c thiÕt bÞ viÔn th«ng.  

2. Tµi liÖu tham chiÕu chuÈn 

[1] IEC 1000-4-5:1995, Electromagnetic compatibility (EMC) - Part 4: 
Testing and measurement techniques - Section 5: Surge immunity test. 

[2] IEC 50(161):1990, International Electrotechnical Vocabulary (IEV) - 
Chapter 161: Electromagnetic compatibility. 

[3] IEC 60-1:1989, High-voltage test techniques - Part 1: General definitions 
and test requirements. 

[4] IEC 469-1:1987, Pulse techniques and apparatus - Part 1: Pulse terms 
and definitions. 

3. Tæng quan 

3.1 §ét biÕn do ®ãng ng¾t 

HiÖn tîng ®ét biÕn do ®ãng ng¾t hÖ thèng cã thÓ chia thµnh c¸c ®ét biÕn liªn 
quan tíi: 

a) NhiÔu sinh ra do ®ãng ng¾t hÖ thèng nguån chÝnh, vÝ dô ®ãng ng¾t b»ng tô. 

b) Ho¹t ®éng ®ãng ng¾t phô ë gÇn thiÕt bÞ hoÆc do sù thay ®æi t¶i trong hÖ 
thèng ph©n phèi nguån. 

c) HiÖn tîng céng hëng trong c¸c m¹ch cã c¸c linh kiÖn ®ãng ng¾t nh 
thyristor. 

d) C¸c h háng cña hÖ thèng nh hiÖn tîng chËp m¹ch, hiÖn tîng phãng tia 
löa ®iÖn tíi hÖ thèng tiÕp ®Êt cña c«ng tr×nh. 

3.2 §ét biÕn do sÐt 

SÐt t¹o ra c¸c xung ®iÖn ¸p theo nh÷ng c¬ chÕ chñ yÕu sau: 

a) SÐt ®¸nh trùc tiÕp vµo m¹ch ngoµi (m¹ch ë ngoµi nhµ tr¹m) phãng dßng 
®iÖn lín qua ®iÖn trë ®Êt hoÆc trë kh¸ng m¹ch ngoµi t¹o ra c¸c ®iÖn ¸p; 

b) SÐt ®¸nh gi¸n tiÕp (sÐt ®¸nh gi÷a hoÆc trong c¸c ®¸m m©y hay ®¸nh gÇn c¸c 
vËt thÓ t¹o ra c¸c trêng ®iÖn tõ) sinh ra ®iÖn ¸p/dßng ®iÖn c¶m øng trªn c¸c d©y 
dÉn ë bªn ngoµi hoÆc bªn trong toµ nhµ; 

c) SÐt ®¸nh trùc tiÕp xuèng ®Êt gÇn c«ng tr×nh, sinh ra dßng ®iÖn trong hÖ 
thèng tiÕp ®Êt cña c«ng tr×nh ®ã; 
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Sù thay ®æi nhanh cña ®iÖn ¸p vµ dßng ®iÖn x¶y ra khi thiÕt bÞ b¶o vÖ ®îc 
kÝch ho¹t cã thÓ ghÐp vµo c¸c m¹ch bªn trong. 

3.3 M« pháng hiÖn tîng ®ét biÕn 

a) Bé t¹o tÝn hiÖu thö: c¸c ®Æc tÝnh cña bé t¹o tÝn hiÖu thö ph¶i sao cho cã thÓ 
m« pháng ®îc c¸c hiÖn tîng nªu trªn mét c¸ch s¸t thùc nhÊt. 

b) NÕu nguån nhiÔu ë trong cïng mét m¹ch, thÝ dô trong m¹ch cung cÊp 
nguån (ghÐp trùc tiÕp) th× bé t¹o tÝn hiÖu thö cã thÓ m« pháng mét nguån trë kh¸ng 
thÊp t¹i c¸c cæng cña EUT. 

c) NÕu nguån nhiÔu kh«ng ë trong cïng mét m¹ch (ghÐp gi¸n tiÕp) nh c¸c 
cæng cña thiÕt bÞ chÞu nhiÔu th× bé t¹o tÝn hiÖu thö cã thÓ m« pháng mét nguån trë 
kh¸ng cao h¬n. 

 4. C¸c ®Þnh nghÜa  

4.1 C¸c ®êng d©y c©n b»ng  

§êng d©y c©n b»ng lµ ®«i d©y dÉn ®èi xøng cã suy hao chuyÓn ®æi tõ chÕ ®é 
chªnh lÖch (d©y - d©y) sang chÕ ®é chung (d©y - ®Êt) nhá h¬n 20 dB. 

4.2 M¹ch ghÐp  

M¹ch ghÐp lµ m¹ch ®iÖn dïng ®Ó chuyÓn n¨ng lîng tõ mét m¹ch nµy ®Õn 
mét m¹ch kh¸c. 

4.3 M¹ch t¸ch 

M¹ch t¸ch lµ m¹ch ®iÖn dïng ®Ó ng¨n kh«ng cho c¸c xung ®a vµo EUT lµm 
¶nh hëng ®Õn c¸c dông cô, thiÕt bÞ hay hÖ thèng kh¸c kh«ng ®îc thö. 

4.4 §é réng xung  

§é réng xung lµ trÞ sè tuyÖt ®èi cña kho¶ng thêi gian mµ d¹ng sãng hay ®Æc 
trng cña sãng cßn tån t¹i hay tiÕp diÔn. [IEC 469-1] 

4.5 §é réng sên tríc  

Xung ®iÖn ¸p: ®é réng sên tríc T1 cña mét xung ®iÖn ¸p lµ tham sè ®îc 
x¸c ®Þnh b»ng 1,67 lÇn kho¶ng thêi gian T gi÷a hai thêi ®iÓm khi xung ®¹t 30% vµ 
90% gi¸ trÞ ®Ønh (xem h×nh 2). 

Xung dßng ®iÖn: ®é réng sên tríc T1 cña mét xung dßng ®iÖn lµ tham sè 
®îc x¸c ®Þnh b»ng 1,25 lÇn kho¶ng thêi gian T gi÷a hai thêi ®iÓm khi xung ®¹t 
10% vµ 90% gi¸ trÞ ®Ønh (xem h×nh 3). [IEC 60-1 söa ®æi] 
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4.6 MiÔn nhiÔm  

MiÔn nhiÔm lµ kh¶ n¨ng ho¹t ®éng cña mét dông cô, thiÕt bÞ hay mét hÖ thèng 
mµ kh«ng bÞ suy gi¶m chÊt lîng khi cã nhiÔu ®iÖn tõ. [IEV 161-01-20] 

4.7 HÖ thèng trang thiÕt bÞ ®iÖn  

HÖ thèng trang thiÕt bÞ ®iÖn lµ mét tæ hîp c¸c thiÕt bÞ ®iÖn thùc hiÖn mét hay 
nhiÒu môc ®Ých cô thÓ, cã c¸c ®Æc tÝnh liªn quan víi nhau. [IEV 826-01-01] 

4.8 C¸c d©y liªn kÕt  

C¸c d©y liªn kÕt bao gåm: 

- C¸c d©y I/O (vµo/ra); 

- C¸c d©y th«ng tin; 

- C¸c d©y c©n b»ng. 

4.9 B¶o vÖ s¬ cÊp  

B¶o vÖ s¬ cÊp lµ biÖn ph¸p ®Ó ng¨n kh«ng cho phÇn lín n¨ng lîng g©y nguy 
hiÓm truyÒn qua mét giao diÖn ®· ®îc chØ ®Þnh. 

4.10 Thêi gian t¨ng  

Thêi gian t¨ng cña xung lµ kho¶ng thêi gian gi÷a c¸c thêi ®iÓm mµ t¹i ®ã lÇn 
®Çu tiªn xung ®¹t gi¸ trÞ thÊp quy ®Þnh vµ sau ®ã lµ gi¸ trÞ cao quy ®Þnh. 

Chó ý: NÕu kh«ng cã quy ®Þnh kh¸c, c¸c gi¸ trÞ nµy lµ 10% vµ 90% cña biªn ®é xung. [IEV 
161-02-05] 

4.11 B¶o vÖ thø cÊp  

B¶o vÖ thø cÊp lµ biÖn ph¸p triÖt tiªu phÇn n¨ng lîng d sau phÇn b¶o vÖ s¬ 
cÊp. Nã cã thÓ lµ mét thiÕt bÞ ®Æc biÖt hoÆc mét ®Æc tÝnh vèn cã cña EUT. 

4.12. Xung  

Xung lµ sãng ®ét biÕn ®iÖn ¸p, dßng ®iÖn hoÆc c«ng suÊt, lan truyÒn däc theo 
®êng d©y hoÆc m¹ch ®iÖn. Xung ®îc ®Æc trng bëi sù t¨ng rÊt nhanh sau ®ã lµ 
gi¶m chËm. [IEV 161-08-11 söa ®æi] 

4.13 HÖ thèng  

HÖ thèng lµ mét tËp hîp c¸c phÇn tö cã quan hÖ víi nhau ®îc thiÕt lËp ®Ó ®¹t 
®îc mét môc ®Ých cho tríc b»ng c¸ch thùc hiÖn mét chøc n¨ng cô thÓ. 

Chó ý: HÖ thèng ®îc xem lµ c¸ch ly víi m«i trêng vµ c¸c hÖ thèng ngoµi kh¸c bëi mét mÆt 
ph¼ng gi¶ ®Þnh, mÆt ph¼ng nµy ng¨n c¸ch liªn kÕt gi÷a chóng vµ hÖ thèng ®ang xÐt. Qua c¸c liªn 
kÕt nµy, hÖ thèng bÞ ¶nh hëng bëi m«i trêng bªn ngoµi vµ c¸c hÖ thèng kh¸c; hoÆc ngîc l¹i. 
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4.14 Thêi gian ®Ó biªn ®é xung gi¶m ®i mét nöa (T2) 

Thêi gian ®Ó biªn ®é xung gi¶m ®i mét nöa lµ tham sè ®îc x¸c ®Þnh b»ng 
kho¶ng thêi gian gi÷a thêi ®iÓm gèc O1 vµ thêi ®iÓm khi biªn ®é xung gi¶m xuèng 
cßn mét nöa gi¸ trÞ ®Ønh (xem h×nh 2, 3). [IEV 60-01 söa ®æi] 

4.15 §ét biÕn 

§ét biÕn chØ hiÖn tîng hoÆc ®¹i lîng biÕn ®æi gi÷a hai tr¹ng th¸i æn ®Þnh 
liªn tiÕp trong kho¶ng thêi gian rÊt ng¾n so víi kháang thêi gian quan s¸t. [IEV 
161-02-01] 

5. C¸c møc thö 

D¶i c¸c møc thö ®Ò xuÊt ®îc cho trong b¶ng 1. 

B¶ng 1 - C¸c møc thö 

Møc §iÖn ¸p thö hë m¹ch, ±10%, kV 

1 
2 
3 
4 
x 

0,5 
1,0 
2,0 
4,0 

®Æc biÖt 

Chó ý: x lµ møc ®Ó më, møc nµy cã thÓ ®îc quy ®Þnh trong chØ 
tiªu kü thuËt s¶n phÈm 

 

C¸c møc thö ph¶i ®îc lùa chän theo c¸c ®iÒu kiÖn l¾p ®Æt. ViÖc ph©n lo¹i 
®iÒu kiÖn l¾p ®Æt ®îc tr×nh bµy trong môc B.3 phô lôc B. 

ThiÕt bÞ ®îc thö ph¶i ®¶m b¶o tho¶ m·n ®èi víi tÊt c¶ c¸c møc ®iÖn ¸p thÊp 
h¬n møc thö ®îc chän (xem môc 8.2). 

§Ó lùa chän c¸c møc thö ®èi víi c¸c giao diÖn kh¸c nhau, xem thªm phô lôc A. 

6. ThiÕt bÞ thö 

6.1 Bé t¹o sãng kÕt hîp (1,2/50 µs - 8/20 µs) 

S¬ ®å m¹ch cña bé t¹o sãng ®îc tr×nh bµy trong h×nh 1. Gi¸ trÞ c¸c thµnh 
phÇn Rs1, Rs2, Rm, Lr vµ Cc ®îc lùa chän sao cho bé t¹o sãng t¹o ra ®îc xung ®iÖn 

¸p 1,2/50 µs (ë c¸c ®iÒu kiÖn hë m¹ch) vµ xung dßng ®iÖn 8/20 µs (ë ®iÒu kiÖn 

ng¾n m¹ch), nghÜa lµ bé t¹o sãng cã trë kh¸ng ®Çu ra hiÖu dông 2 Ω. 

Th«ng thêng, trë kh¸ng ®Çu ra hiÖu dông cña bé t¹o sãng ®îc x¸c ®Þnh 
b»ng c¸ch tÝnh tû sè gi÷a ®iÖn ¸p ®Çu ra hë m¹ch (gi¸ trÞ ®Ønh) vµ dßng ®iÖn ng¾n 
m¹ch (gi¸ trÞ ®Ønh). 
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Bé t¹o sãng ®iÖn ¸p hë m¹ch 1,2/50 µs vµ dßng ®iÖn ng¾n m¹ch 8/20 µs nµy 
®îc gäi lµ bé t¹o sãng kÕt hîp (CWG) hay bé t¹o sãng hçn hîp. 

Chó ý:  

1- D¹ng sãng ®iÖn ¸p vµ dßng ®iÖn lµ mét hµm cña trë kh¸ng ®Çu vµo EUT. Khi ®a xung 
vµo thiÕt bÞ, trë kh¸ng nµy cã thÓ thay ®æi do hiÖu qu¶ ho¹t ®éng cña thiÕt bÞ b¶o vÖ hoÆc do sù 
phãng ®iÖn hoÆc ®¸nh háng c¸c linh kiÖn khi thiÕt bÞ b¶o vÖ kh«ng ho¹t ®éng hoÆc kh«ng cã thiÕt 

bÞ b¶o vÖ. V× vËy, c¶ sãng ®iÖn ¸p 1,2/50 µs vµ sãng dßng ®iÖn 8/20 µs ph¶i s½n sµng ë ®Çu ra 
cña bé t¹o sãng thö, ngay khi cã t¶i. 

2 - Bé t¹o sãng kÕt hîp m« t¶ trong tiªu chuÈn nµy còng gièng nh bé t¹o sãng hçn hîp 
quy ®Þnh trong mét sè tiªu chuÈn kh¸c. 

6.1.1 C¸c ®Æc tÝnh vµ chØ tiªu kü thuËt cña bé t¹o sãng kÕt hîp 

§iÖn ¸p ®Çu ra hë m¹ch:  

     D¶i ®iÖn ¸p:  

           TrÞ sè thÊp nhÊt tèi thiÓu 0,5 kV 

           TrÞ sè cao nhÊt tèi thiÓu 4,0 kV 

     D¹ng sãng ®iÖn ¸p xung xem h×nh 2, b¶ng 2 

     Dung sai ®iÖn ¸p ®Çu ra hë m¹ch         ± 10% 

Dßng ®iÖn ®Çu ra ng¾n m¹ch:  

     Dßng ®iÖn:  

           TrÞ sè thÊp nhÊt tèi thiÓu 0,25 kA 

           TrÞ sè cao nhÊt tèi thiÓu 2,0 kA 

     D¹ng sãng dßng ®iÖn xung  xem h×nh 3, b¶ng 2 

     Dung sai dßng ®iÖn ®Çu ra ng¾n m¹ch     ± 10% 

Cùc tÝnh d¬ng/©m 

DÞch pha so víi gãc pha cña ®êng d©y AC                         0 ÷ 3600  

Tèc ®é lÆp l¹i Ýt nhÊt 1 lÇn/phót 

Bé t¹o sãng ph¶i cã tÝn hiÖu ra ë chÕ ®é "th¶ næi" (floating). 

Ph¶i cã c¸c ®iÖn trë phô (10 Ω vµ 40 Ω) ®Ó lµm t¨ng trë kh¸ng nguån hiÖu 
dông ®èi víi c¸c ®iÒu kiÖn thö cô thÓ (xem môc 7, B.1 phô lôc B). 

Trong trêng hîp nµy, d¹ng sãng ®iÖn ¸p hë m¹ch vµ d¹ng sãng dßng ®iÖn 

ng¾n m¹ch ®îc kÕt hîp vµo m¹ch t¸ch/ghÐp nªn kh«ng cßn lµ d¹ng sãng 1,2/50 µs 

vµ 8/20 µs n÷a (sãng kÕt hîp). 
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6.1.2 KiÓm tra c¸c ®Æc tÝnh cña bé t¹o sãng 

§Ó so s¸nh kÕt qu¶ thö cña c¸c bé t¹o sãng thö kh¸c nhau, ph¶i kiÓm tra ®Æc 
tÝnh cña bé t¹o sãng thö. Do ®ã, ph¶i thùc hiÖn ®o c¸c ®Æc tÝnh chñ yÕu cña bé t¹o 
sãng theo tr×nh tù sau. 

§Çu ra bé t¹o sãng thö ph¶i ®îc nèi tíi hÖ thèng ®o cã ®é réng b¨ng tÇn vµ 
thang ®iÖn ¸p ®ñ lín ®Ó kiÓm tra c¸c ®Æc tÝnh cña d¹ng sãng. 

C¸c ®Æc tÝnh cña bé t¹o sãng ph¶i ®îc ®o ë c¸c ®iÒu kiÖn hë m¹ch (t¶i lín 

h¬n hoÆc b»ng 10 kΩ) vµ ë c¸c ®iÒu kiÖn ng¾n m¹ch (t¶i nhá h¬n hoÆc b»ng 0,1 Ω) 
víi cïng mét møc ®iÖn ¸p n¹p. 

Chó ý: Dßng ®iÖn ng¾n m¹ch tèi thiÓu lµ 0,25 kA ®èi víi ®iÖn ¸p hë m¹ch 0,5 kV vµ tèi 
thiÓu lµ 2,0 kA ®èi víi ®iÖn ¸p hë m¹ch lµ 4,0 kV. 

6.2 Bé t¹o sãng thö 10/700µs theo CCITT 

S¬ ®å m¹ch cña bé t¹o sãng ®îc cho trong h×nh 4. TrÞ sè cña c¸c thµnh phÇn 
Rc, Cc, Rs, Rm1, Rm2 vµ Cs ®îc lùa chän sao cho bé t¹o sãng t¹o ra ®îc d¹ng xung 

10/700 µs. 

6.2.1 C¸c ®Æc tÝnh vµ chØ tiªu kü thuËt cña bé t¹o sãng 
 

§iÖn ¸p ®Çu ra hë m¹ch:  

     D¶i ®iÖn ¸p:  

           TrÞ sè thÊp nhÊt tèi thiÓu 0,5 kV 

           TrÞ sè cao nhÊt tèi thiÓu 4,0 kV 

     D¹ng sãng xung ®iÖn ¸p  xem h×nh 5 (IEC 60-1), b¶ng 3 

     Dung sai ®iÖn ¸p ®Çu ra hë m¹ch ± 10% 

Dßng ®iÖn ®Çu ra ng¾n m¹ch:  

     Dßng ®iÖn:  

           TrÞ sè thÊp nhÊt tèi thiÓu 12,5 A 

           TrÞ sè cao nhÊt tèi thiÓu 100 A 

     D¹ng sãng xung dßng ®iÖn xem b¶ng 3 

     Dung sai dßng ®iÖn ®Çu ra ng¾n m¹ch ± 10% 

Cùc tÝnh d¬ng/©m 

Tèc ®é lÆp l¹i Ýt nhÊt 1 lÇn/phót 
 

Bé t¹o sãng ph¶i cã tÝn hiÖu ra ë chÕ ®é "th¶ næi" (floating). 
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6.2.2 KiÓm tra c¸c ®Æc tÝnh cña bé t¹o sãng 

C¸c ®iÒu kiÖn kiÓm tra ®èi víi bé t¹o sãng 10/700 µs gièng nh 6.1.2 víi chó 
ý sau ®©y. 

Chó ý: Dßng ®iÖn ng¾n m¹ch tèi thiÓu lµ 12,5 A ®èi víi ®iÖn ¸p hë m¹ch 0,5 kV vµ tèi 

thiÓu lµ 100 A ®èi víi ®iÖn ¸p hë m¹ch lµ 4,0 kV. 

6.3  C¸c m¹ch t¸ch/ghÐp 

C¸c m¹ch t¸ch/ghÐp kh«ng ®îc ¶nh hëng ®¸ng kÓ ®Õn c¸c tham sè bé t¹o 
sãng, vÝ dô ®iÖn ¸p hë m¹ch, dßng ®iÖn ng¾n m¹ch vÉn n»m trong kho¶ng dung  
sai quy ®Þnh. 

Ngo¹i lÖ: ghÐp qua bé triÖt xung. 

C¸c m¹ch t¸ch/ghÐp ph¶i tho¶ m·n c¸c yªu cÇu sau ®©y: 

6.3.1. M¹ch t¸ch/ghÐp dïng cho c¸c m¹ch cung cÊp nguån AC/DC (chØ sö dông víi  
          bé t¹o sãng kÕt hîp) 

Ph¶i kiÓm tra ®é réng sên tríc vµ thêi gian ®Ó biªn ®é xung gi¶m xuèng 
mét nöa ®èi víi ®iÖn ¸p ë c¸c ®iÒu kiÖn hë m¹ch vµ dßng ®iÖn ë c¸c ®iÒu kiÖn  
ng¾n m¹ch. 

§Çu ra cña bé t¹o tÝn hiÖu thö hoÆc m¹ch ghÐp cña nã ph¶i ®îc nèi tíi hÖ 
thèng ®o cã ®é réng b¨ng tÇn vµ thang ®iÖn ¸p ®ñ lín ®Ó kiÓm tra d¹ng sãng ®iÖn 
¸p hë m¹ch. 

D¹ng sãng dßng ®iÖn ng¾n m¹ch cã thÓ ®îc ®o b»ng mét bé biÕn dßng cã 
®êng nèi ng¾n m¹ch gi÷a c¸c ®Çu ra cña m¹ch ghÐp.   

TÊt c¶ c¸c d¹ng sãng còng nh c¸c tham sè ho¹t ®éng kh¸c cña bé t¹o sãng 
ph¶i ®óng nh quy ®Þnh trong môc 6.1.1 (ë ®Çu ra cña bé t¹o sãng còng nh ®Çu ra 
cña m¹ch t¸ch/ghÐp). 

Chó ý: Khi trë kh¸ng bé t¹o sãng t¨ng tõ 2 Ω lªn 12 Ω  hoÆc 42 Ω theo yªu cÇu cÊu h×nh 
thö th× ®é réng xung thö ë ®Çu ra m¹ch ghÐp cã thÓ thay ®æi ®¸ng kÓ. 

6.3.1.1 Ph¬ng ph¸p ghÐp ®iÖn dung dïng cho c¸c m¹ch cung cÊp nguån 

Ph¬ng ph¸p ghÐp ®iÖn dung cho phÐp ®a ®iÖn ¸p thö vµo thiÕt bÞ ®îc thö 
theo kiÓu d©y-d©y hoÆc d©y-®Êt khi m¹ch t¸ch hÖ thèng nguån còng ®îc nèi. S¬ 
®å m¹ch hÖ thèng nguån mét pha ®îc cho trong h×nh 6, 7. S¬ ®å m¹ch víi hÖ 
thèng nguån 3 pha ®îc cho trong h×nh 8, 9.  

C¸c ®Æc tÝnh chñ yÕu cña m¹ch t¸ch/ghÐp bao gåm: 

GhÐp:  

C¸c tô ghÐp: C = 9 µF hoÆc 18 µF (xem cÊu h×nh thö) 
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T¸ch: 

§iÖn c¶m t¸ch ®èi víi ®iÖn ¸p nguån: L = 1,5 mH 

§iÖn ¸p xung d trªn c¸c ®êng d©y cha ghÐp xung khi ®· ng¾t EUT kh«ng 
®îc vît qu¸ 15% ®iÖn ¸p thö lín nhÊt. 

Khi ng¾t EUT khái m¹ng cung cÊp nguån, ®iÖn ¸p xung d trªn c¸c ®Çu vµo 

nguån ®iÖn cña m¹ch t¸ch kh«ng ®îc vît qu¸ 15% ®iÖn ¸p thö hoÆc hai lÇn gi¸ 
trÞ ®Ønh cña ®iÖn ¸p pha hÖ thèng nguån (chän gi¸ trÞ lín h¬n). 

C¸c ®Æc tÝnh nãi trªn ®èi víi hÖ thèng nguån 1 pha (pha, trung tÝnh, ®Êt b¶o 
vÖ) còng ®óng ®èi víi hÖ thèng nguån 3 pha (c¸c d©y pha, trung tÝnh vµ ®Êt b¶o vÖ). 

6.3.1.2 Ph¬ng ph¸p ghÐp ®iÖn c¶m dïng cho c¸c m¹ch cung cÊp nguån 

§ang xem xÐt. 

6.3.2 M¹ch t¸ch/ghÐp dïng cho c¸c ®êng d©y liªn kÕt 

Ph¬ng ph¸p ghÐp ®îc lùa chän tuú theo chøc n¨ng cña m¹ch vµ c¸c ®iÒu 
kiÖn ho¹t ®éng. §iÒu nµy ph¶i ®îc quy ®Þnh trong tµi liÖu kü thuËt s¶n phÈm. 

C¸c ph¬ng ph¸p ghÐp bao gåm: 

- Ph¬ng ph¸p ghÐp ®iÖn dung; 

- Ph¬ng ph¸p ghÐp qua bé triÖt xung. 

ViÖc sö dông c¸c cÊu h×nh thö kh¸c nhau ®Ó thö mét cæng cña EUT cã thÓ 
kh«ng cho c¸c kÕt qu¶ t¬ng ®¬ng. CÊu h×nh thÝch hîp nhÊt ph¶i ®îc quy ®Þnh 

trong c¸c tµi liÖu kü thuËt s¶n phÈm hoÆc c¸c tiªu chuÈn s¶n phÈm. 

Chó ý: RL trong c¸c h×nh tõ 10 ®Õn 12 lµ ®iÖn trë cña cuén c¶m L cã gi¸ trÞ phô thuéc vµo 
sù suy hao tÝn hiÖu truyÒn dÉn. 

6.3.2.1 Ph¬ng ph¸p ghÐp ®iÖn dung ®èi víi c¸c ®êng d©y liªn kÕt 

Khi kh«ng cã ¶nh hëng ®Õn viÖc liªn l¹c trªn d©y, ph¬ng ph¸p ghÐp ®iÖn 

dung lµ ph¬ng ph¸p rÊt thÝch hîp ®èi víi c¸c m¹ch I/O cã d©y kh«ng c©n b»ng, 
kh«ng cã líp che ch¾n. ViÖc thö ®îc thùc hiÖn theo h×nh 10 ®èi víi ph¬ng ph¸p 

ghÐp kiÓu d©y-d©y vµ ph¬ng ph¸p ghÐp kiÓu d©y-®Êt. 

C¸c ®Æc tÝnh chñ yÕu cña m¹ch t¸ch/ghÐp ®iÖn dung: 

- Tô ghÐp: C = 0,5 µF 

- Cuén c¶m t¸ch (kh«ng bï dßng): L = 20 mH 
 

Chó ý: CÇn xem xÐt ®Æc tÝnh dßng tÝn hiÖu, ®Æc tÝnh nµy phô thuéc vµo m¹ch ®îc thö. 
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6.3.2.2 Ph¬ng ph¸p ghÐp qua bé triÖt xung 

Ph¬ng ph¸p ghÐp qua bé triÖt xung lµ ph¬ng ph¸p ghÐp thÝch hîp ®èi víi 
c¸c m¹ch cã d©y c©n b»ng, kh«ng cã líp che ch¾n (th«ng tin, viÔn th«ng) nh  
trong h×nh 12. 

Ph¬ng ph¸p nµy còng cã thÓ ®îc dïng trong trêng hîp kh«ng thÓ thùc  
hiÖn ghÐp ®iÖn dung do c¸c vÊn ®Ò chøc n¨ng g©y ra khi nèi c¸c tô víi EUT (xem 
h×nh 11). 

M¹ch ghÐp cßn cã nhiÖm vô ®iÒu tiÕt sù ph©n phèi dßng xung trong trêng 
hîp c¸c ®iÖn ¸p c¶m øng vµo c¸p nhiÒu sîi. 

V× vËy, c¸c ®iÖn trë Rm2 trong m¹ch ghÐp cã n d©y ghÐp ph¶i lµ n x 25 Ω   

(víi n ≥ 2). 

VÝ dô: n = 4, Rm2 = 4 x 25 Ω. Víi trë kh¸ng tæng cña bé t¹o sãng kho¶ng  

40 Ω, Rm2 kh«ng ®îc vît qu¸ 250 Ω. 

ViÖc ghÐp qua bé triÖt xung cã khÝ  cã thÓ ®îc c¶i thiÖn b»ng viÖc sö dông 
c¸c tô ®iÖn m¾c song song víi c¸c bé triÖt xung. 

VÝ dô: C ≤ 0,1 µF ®èi víi c¸c tÇn sè cña tÝn hiÖu truyÒn dÉn trªn d©y nhá h¬n 

5 kHz. ë c¸c tÇn sè cao h¬n, kh«ng dïng tô ®iÖn. 

C¸c ®Æc tÝnh chñ yÕu cña m¹ch ghÐp/t¸ch: 

- §iÖn trë ghÐp, Rm2                  n x 25 Ω (n ≥ 2) 

- Bé triÖt xung cã khÝ                  90 V 

- Cuén c¶m t¸ch, L (lâi trßn, cã bï dßng) 20 mH 

Chó ý:  

- Trong mét sè trêng hîp, v× c¸c lý do chøc n¨ng cã thÓ ph¶i sö dông c¸c bé triÖt xung cã 
®iÖn ¸p ho¹t ®éng cao h¬n. 

- Cã thÓ sö dông c¸c phÇn tö kh¸c ngoµi c¸c bé triÖt xung nÕu c¸c phÇn tö ®ã kh«ng lµm 
¶nh hëng ®Õn c¸c ®iÒu kiÖn ho¹t ®éng.   

6.3.3 C¸c ph¬ng ph¸p ghÐp kh¸c 

C¸c ph¬ng ph¸p ghÐp kh¸c ®ang ®îc xem xÐt. 

7. CÊu h×nh thö 

7.1 ThiÕt bÞ thö 

CÊu h×nh thö bao gåm c¸c thiÕt bÞ chñ yÕu sau: 

- ThiÕt bÞ ®îc thö (EUT); 
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- ThiÕt bÞ phô trî (AE); 

- C¸p (chñng lo¹i vµ chiÒu dµi theo quy ®Þnh); 

- ThiÕt bÞ ghÐp (ghÐp ®iÖn dung hoÆc ghÐp qua c¸c bé triÖt xung); 

- Bé t¹o sãng (bé t¹o sãng kÕt hîp, bé t¹o sãng 10/700 µs); 

- M¹ch t¸ch/c¸c thiÕt bÞ b¶o vÖ; 

- C¸c ®iÖn trë phô, 10 Ω vµ 40 Ω (xem B.1 phô lôc B). 

7.2 CÊu h×nh thö ®èi víi nguån cung cÊp cña EUT 

Xung ®îc ®a vµo c¸c cùc nguån cña EUT qua m¹ch ghÐp ®iÖn dung (xem 
h×nh 6, 7, 8 vµ 9). Ph¶i sö dông c¸c m¹ch t¸ch ®Ó kh«ng lµm ¶nh hëng ®Õn c¸c 
thiÕt bÞ kh«ng ®îc thö cã chung d©y nguån vµ ®Ó cã trë kh¸ng t¸ch ®èi víi sãng 
xung ®ñ lín ®Ó sãng xung theo quy ®Þnh cã thÓ ®i vµo c¸c d©y cÇn thö. 

NÕu kh«ng cã quy ®Þnh kh¸c, d©y nèi gi÷a EUT vµ m¹ch t¸ch/ghÐp ph¶i nhá 
h¬n hoÆc b»ng 2 m. 

§Ó m« pháng c¸c trë kh¸ng ghÐp ®Æc trng, trong mét sè trêng hîp ph¶i sö 
dông c¸c ®iÖn trë phô (xem B.1 phô lôc B). 

Chó ý: T¹i mét sè níc (vÝ dô, Mü), yªu cÇu phÐp thö ®èi víi ®êng d©y ®iÖn AC ph¶i thùc 

hiÖn theo h×nh 7 vµ 9 víi trë kh¸ng 2 Ω, mÆc dï phÐp thö nµy kh¾c nghiÖt h¬n. Th«ng thêng, 

yªu cÇu nµy lµ 10 Ω. 

7.3 CÊu h×nh thö ®èi víi c¸c ®êng nèi kh«ng ®èi xøng, kh«ng cã che ch¾n 

Th«ng thêng, xung ®îc ®a vµo c¸c d©y nèi b»ng ph¬ng ph¸p ghÐp ®iÖn 
dung (h×nh 10). M¹ch t¸ch/ghÐp kh«ng ®îc ¶nh hëng ®Õn ®iÒu kiÖn ho¹t ®éng 
cña c¸c m¹ch ®îc thö. 

Mét cÊu h×nh thö kh¸c (ghÐp qua c¸c bé triÖt xung) ®îc thÓ hiÖn trong h×nh 
11 ®Ó dïng cho c¸c m¹ch cã tèc ®é truyÒn dÉn cao h¬n. ViÖc lùa chän ph¬ng ph¸p 
ghÐp tuú theo t¶i ®iÖn dung t¬ng øng víi tÇn sè truyÒn dÉn.  

NÕu kh«ng cã quy ®Þnh kh¸c, d©y nèi gi÷a EUT vµ m¹ch t¸ch/ghÐp ph¶i nhá 
h¬n hoÆc b»ng 2 m. 

7.4 CÊu h×nh thö ®èi víi c¸c ®êng viÔn th«ng/®êng nèi ®èi xøng, kh«ng cã  
      che ch¾n (h×nh 12) 

Th«ng thêng ngêi ta kh«ng sö dông ph¬ng ph¸p ghÐp ®iÖn dung ®èi víi 
c¸c m¹ch viÔn th«ng/liªn kÕt c©n b»ng. Trong trêng hîp nµy, viÖc ghÐp thùc hiÖn 
qua c¸c bé triÖt xung (khuyÕn nghÞ K.17 cña CCITT). C¸c møc thö thÊp h¬n ®iÖn 
¸p ®¸nh löa cña c¸c bé triÖt xung ®îc ghÐp (kho¶ng 300 V ®èi víi bé triÖt xung 
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90 V) kh«ng ®îc quy ®Þnh (trõ trêng hîp thiÕt bÞ b¶o vÖ thø cÊp kh«ng cã c¸c bé 
triÖt xung cã khÝ).  

Chó ý: CÇn xem xÐt hai cÊu h×nh thö sau: 

- CÊu h×nh thö ®èi víi phÐp thö kh¶ n¨ng miÔn nhiÔm møc thiÕt bÞ, chØ cã thiÕt bÞ b¶o vÖ 
thø cÊp t¹i EUT, víi møc thö thÊp, vÝ dô 0,5 kV hoÆc 1 kV; 

- CÊu h×nh thö ®èi víi phÐp thö kh¶ n¨ng miÔn nhiÔm møc hÖ thèng, cã thiÕt bÞ b¶o vÖ s¬ 
cÊp bæ sung, víi møc thö cao h¬n, vÝ dô 2 kV hoÆc 4 kV. 

NÕu kh«ng cã quy ®Þnh kh¸c, d©y nèi gi÷a EUT vµ m¹ch t¸ch/ghÐp ph¶i nhá 
h¬n hoÆc b»ng 2 m. 

7.5 CÊu h×nh thö ®èi víi c¸c ®êng d©y cã che ch¾n 

Trong trêng hîp c¸c ®êng d©y cã che ch¾n, cã thÓ kh«ng sö dông ®îc 
m¹ch t¸ch/ghÐp. V× vËy, xung ®îc ®a vµo líp che ch¾n cña c¸c EUT (vá kim 
lo¹i) vµ vá cña c¸c ®êng d©y theo h×nh 13. §èi víi c¸c líp che ch¾n chØ nèi ®Êt ë 
mét ®Çu, sö dông h×nh 14. §Ó thùc hiÖn t¸ch ®èi víi d©y ®Êt an toµn, ph¶i sö dông 
mét biÕn ¸p c¸ch ly. Th«ng thêng, ph¶i sö dông lo¹i c¸p dµi nhÊt cã líp che ch¾n 
nh ®· quy ®Þnh. T¬ng øng víi phæ cña xung, ph¶i sö dông c¸p dµi 20 m cã líp 
che ch¾n vµ ®îc bã l¹i sao cho kh«ng sinh ra ®é tù c¶m.  

Nguyªn t¾c ®Ó ®a c¸c xung vµo c¸c ®êng d©y cã líp che ch¾n: 

a) §èi víi líp che ch¾n nèi ®Êt ë hai ®Çu, viÖc ®a xung thö vµo líp che ch¾n 
®îc thùc hiÖn theo h×nh 13. 

b) §èi víi líp che ch¾n chØ nèi ®Êt ë mét ®Çu, phÐp thö ph¶i ®îc thùc hiÖn 
theo h×nh 14. C lµ ®iÖn dung c¸p so víi ®Êt, gi¸ trÞ nµy cã thÓ tÝnh b»ng 100 pF/m. 
NÕu kh«ng cã quy ®Þnh kh¸c, cã thÓ sö dông gi¸ trÞ mÉu 10 nF. 

Møc thö ®a vµo c¸c líp che ch¾n lµ gi¸ trÞ d©y-®Êt (trë kh¸ng 2 Ω). 

7.6 CÊu h×nh thö ®èi víi hiÖn tîng chªnh lÖch ®iÖn thÕ 

NÕu cÇn thö ®èi víi c¸c hiÖn tîng chªnh lÖch ®iÖn thÕ (®Ó m« pháng c¸c ®iÖn 
¸p cã thÓ xuÊt hiÖn trong mét hÖ thèng), c¸c phÐp thö ph¶i ®îc thùc hiÖn theo h×nh 
13 ®èi víi c¸c hÖ thèng dïng d©y nèi cã líp che ch¾n (líp che ch¾n nèi ®Êt ë c¶ hai 
®Çu) vµ theo h×nh 14 ®èi víi c¸c hÖ thèng dïng ®êng  d©y  kh«ng cã líp che ch¾n 
hoÆc cã líp che ch¾n nhng líp che ch¾n chØ nèi ®Êt ë mét ®Çu. 

7.7 C¸c cÊu h×nh thö kh¸c 

NÕu kh«ng sö dông ®îc mét trong c¸c ph¬ng ph¸p ghÐp quy ®Þnh trong cÊu 
h×nh thö, tiªu chuÈn s¶n phÈm ph¶i quy ®Þnh c¸c ph¬ng ph¸p thay thÕ t¬ng 
®¬ng (phï hîp víi trêng hîp ®Æc biÖt ®ã). 
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7.8 C¸c ®iÒu kiÖn thùc hiÖn phÐp thö 

C¸c ®iÒu kiÖn thö vµ c¸c ®iÒu kiÖn l¾p ®Æt thiÕt bÞ ph¶i tu©n theo chØ tiªu kü 
thuËt s¶n phÈm vµ bao gåm: 

- CÊu h×nh thö (phÇn cøng); 

- Thñ tôc thö (phÇn mÒm). 

8. Thñ tôc thö 

8.1 C¸c ®iÒu kiÖn chuÈn cña phßng thö 

§Ó gi¶m thiÓu ¶nh hëng cña c¸c yÕu tè m«i trêng ®Õn kÕt qu¶ phÐp thö, 
phÐp thö ph¶i ®îc thùc hiÖn ë c¸c ®iÒu kiÖn ®iÖn tõ vµ khÝ hËu chuÈn quy ®Þnh 
trong c¸c môc 8.1.1 vµ 8.1.2. 

8.1.1 §iÒu kiÖn khÝ hËu 

C¸c ®iÒu kiÖn khÝ hËu cÇn tu©n thñ bao gåm: 

- NhiÖt ®é phßng  15 ÷ 35oC 

- §é Èm t¬ng ®èi  10 ÷ 75% 

- ¸p suÊt khÝ quyÓn  86 ÷ 106 kPa (860 ÷ 1060 mbar) 

Chó ý: ChØ tiªu kü thuËt s¶n phÈm cã thÓ quy ®Þnh c¸c gi¸ trÞ kh¸c. EUT cÇn ®îc ho¹t 
®éng trong c¸c ®iÒu kiÖn khÝ hËu ®· quy ®Þnh. NhiÖt ®é vµ ®é Èm t¬ng ®èi cÇn ®îc ghi l¹i 
trong biªn b¶n thö nghiÖm. 

8.1.2 §iÒu kiÖn ®iÖn tõ 

M«i trêng ®iÖn tõ trong phßng thö kh«ng ®îc g©y ¶nh hëng ®Õn kÕt qu¶ 
cña phÐp thö. 

8.2 Thùc hiÖn phÐp thö trong phßng thö 

C¸c ®Æc tÝnh vµ chØ tiªu kü thuËt cña bé t¹o sãng ph¶i tu©n theo quy ®Þnh trong 
c¸c môc 6.1.1 vµ 6.2.1; viÖc hiÖu chØnh c¸c bé t¹o sãng ph¶i ®îc thùc hiÖn theo 
c¸c quy ®Þnh trong c¸c môc 6.1.2 vµ 6.2.2. 

PhÐp thö ph¶i ®îc thùc hiÖn theo kÕ ho¹ch thö, trong ®ã ph¶i quy ®Þnh cÊu 
h×nh thö (xem môc B.2 phô lôc B) bao gåm: 

- Bé t¹o sãng vµ c¸c thiÕt bÞ kh¸c ®îc sö dông; 

- Møc thö (®iÖn ¸p/dßng ®iÖn) (xem phô lôc A); 

- Trë kh¸ng bé t¹o sãng; 

- Cùc tÝnh xung thö; 
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- M¹ch khëi ®éng cña bé t¹o sãng trong hoÆc ngoµi;  

- Sè lîng phÐp thö: Ýt nhÊt lµ 5 lÇn xung d¬ng vµ 5 lÇn xung ©m ë c¸c ®iÓm 
®îc chän; 

- Tèc ®é lÆp l¹i: lín nhÊt lµ 1 lÇn/phót; 

Chó ý: Th«ng thêng, c¸c thiÕt bÞ b¶o vÖ ®Òu cã kh¶ n¨ng chÞu c«ng suÊt trung b×nh thÊp 
mÆc dï trÞ sè c«ng suÊt ®Ønh hoÆc n¨ng lîng ®Ønh cho thÊy chóng cã thÓ chÞu ®îc c¸c dßng 
®iÖn lín. V× vËy, tèc ®é lÆp l¹i lín nhÊt (kho¶ng thêi gian gi÷a hai xung vµ thêi gian phôc håi) 
phô thuéc vµo c¸c thiÕt bÞ b¶o vÖ bªn trong cña EUT. 

- C¸c ®Çu vµo vµ ®Çu ra cÇn thö; 

Chó ý: Trong trêng hîp cã nhiÒu m¹ch gièng nhau, chØ cÇn thùc hiÖn c¸c phÐp ®o trªn 
mét sè m¹ch ®¹i diÖn. 

- C¸c ®iÒu kiÖn ho¹t ®éng ®Æc trng cña EUT; 

- Thø tù ®a c¸c xung vµo m¹ch; 

- Gãc pha trong trêng hîp dïng nguån ®iÖn xoay chiÒu; 

- C¸c ®iÒu kiÖn l¾p ®Æt thùc tÕ, vÝ dô: 

+ AC: trung tÝnh nèi ®Êt, 

+ DC: (+) hay (-) nèi ®Êt ®Ó m« pháng c¸c ®iÒu kiÖn tiÕp ®Êt thùc tÕ. 

ChÕ ®é thùc hiÖn c¸c phÐp thö ®îc tr×nh bµy trong môc B.2 phô lôc B. 

NÕu kh«ng cã quy ®Þnh kh¸c, c¸c xung ®a vµo ph¶i ®ång bé víi pha cña sãng 
®iÖn ¸p xoay chiÒu t¹i ®iÓm c¾t trôc hoµnh (pha 0) vµ t¹i gi¸ trÞ ®Ønh (d¬ng vµ ©m). 

C¸c xung ph¶i ®îc ®a vµo d©y- d©y vµ gi÷a c¸c d©y víi ®Êt. NÕu cha ®îc 
quy ®Þnh, khi thùc hiÖn thö d©y-®Êt, ®iÖn ¸p thö ph¶i ®îc ®a vµo lÇn lît gi÷a 
tõng d©y vµ ®Êt. 

Chó ý: Khi sö dông bé t¹o sãng kÕt hîp ®Ó thö hai hay nhiÒu d©y víi ®Êt (c¸c d©y viÔn 
th«ng), ®é réng cña xung thö cã thÓ gi¶m ®i. 

Thñ tôc thö còng ph¶i ®îc xem xÐt cïng víi c¸c ®Æc tÝnh ®iÖn ¸p - dßng ®iÖn 
phi tuyÕn cña thiÕt bÞ ®îc thö. V× vËy, ®iÖn ¸p thö ph¶i t¨ng tõng bíc ®Õn møc 
thö ®· ®îc quy ®Þnh trong tiªu chuÈn s¶n phÈm hoÆc kÕ ho¹ch thö. 

ThiÕt bÞ ®îc thö ph¶i tho¶ m·n c¸c phÐp thö víi tÊt c¶ c¸c møc thÊp h¬n  
vµ b»ng møc thö ®· chän. §Ó thö c¸c thiÕt bÞ b¶o vÖ thø cÊp, ®iÖn ¸p ®Çu ra bé t¹o 
sãng ph¶i t¨ng ®Õn møc ®iÖn ¸p ®¸nh thñng cña bé b¶o vÖ s¬ cÊp (trêng hîp  
xÊu nhÊt).  

NÕu kh«ng cã nguån tÝn hiÖu thËt, cã thÓ m« pháng. Trong mäi trêng hîp, 
møc thö kh«ng ®îc vît qu¸ c¸c quy ®Þnh trong chØ tiªu kü thuËt s¶n phÈm. PhÐp 
thö ph¶i ®îc thùc hiÖn theo kÕ ho¹ch thö. 
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§Ó x¸c ®Þnh tÊt c¶ c¸c ®iÓm tíi h¹n trong chu tr×nh lµm viÖc cña thiÕt bÞ, ph¶i 
sö dông ®ñ sè xung thö ©m vµ d¬ng. §èi víi phÐp thö nghiÖm thu, ph¶i sö dông 
c¸c thiÕt bÞ cha tõng ph¶i chÞu c¸c t¸c ®éng xung hoÆc ph¶i thay thÕ c¸c thiÕt bÞ 
b¶o vÖ.  

9. KÕt qu¶ thö vµ biªn b¶n thö nghiÖm 

Môc nµy tr×nh bµy c¸c híng dÉn vÒ viÖc ®¸nh gi¸ kÕt qu¶ thö vµ lËp biªn b¶n 
thö nghiÖm ®èi víi phÐp thö trong tiªu chuÈn nµy. 

Sù ®a d¹ng vµ phøc t¹p cña c¸c hÖ thèng vµ thiÕt bÞ ®îc thö nghiÖm ®· lµm 
cho viÖc x¸c ®Þnh ¶nh hëng cña xung lªn c¸c hÖ thèng vµ thiÕt bÞ trë nªn rÊt  

khã kh¨n. 

NÕu chØ tiªu kü thuËt s¶n phÈm hay nhµ qu¶n lý s¶n phÈm kh«ng ®a ra c¸c 

chØ tiªu cô thÓ, kÕt qu¶ thö cÇn ®îc ph©n lo¹i theo c¸c ®iÒu kiÖn ho¹t ®éng vµ c¸c 
th«ng sè chøc n¨ng cña EUT nh sau: 

a) §Æc tÝnh n»m trong giíi h¹n chØ tiªu kü thuËt cho phÐp; 

b) Suy gi¶m chÊt lîng hoÆc mÊt chøc n¨ng t¹m thêi nhng cã thÓ tù phôc håi; 

c) Suy gi¶m chÊt lîng hoÆc mÊt c¸c chøc n¨ng t¹m thêi, muèn kh«i phôc l¹i 
cÇn cã sù can thiÖp cña ngêi vËn hµnh hoÆc khëi ®éng l¹i hÖ thèng; 

d) Suy gi¶m  hoÆc mÊt c¸c chøc n¨ng nhng kh«ng thÓ phôc håi do háng c¸c 
bé phËn thiÕt bÞ, phÇn mÒm hoÆc mÊt sè liÖu. 

EUT ph¶i ®¶m b¶o kh«ng trë nªn nguy hiÓm hay mÊt an toµn khi ®îc thö 
theo c¸c quy ®Þnh trong tiªu chuÈn nµy. 

Trong trêng hîp c¸c phÐp thö nghiÖm thu, ch¬ng tr×nh thö vµ c¸ch xö lý kÕt 

qu¶ ph¶i ®îc m« t¶ trong tiªu chuÈn s¶n phÈm cô thÓ. 

Theo nguyªn t¾c chung, kÕt qu¶ thö lµ ®¹t nÕu thiÕt bÞ thÓ hiÖn kh¶ n¨ng miÔn 
nhiÔm trong suèt thêi gian thùc hiÖn phÐp thö vµ khi kÕt thóc phÐp thö EUT vÉn 

tho¶ m·n c¸c yªu cÇu chøc n¨ng ®îc quy ®Þnh trong chØ tiªu kü thuËt thiÕt bÞ. 

Tµi liÖu kü thuËt cña EUT cã thÓ x¸c ®Þnh mét sè ¶nh hëng ®îc xem lµ 
kh«ng quan träng, v× vËy c¸c ¶nh hëng nµy cã thÓ ®îc chÊp nhËn.   

Víi trêng hîp nµy, khi kÕt thóc thö ph¶i kiÓm tra sù tù phôc håi c¸c kh¶ 

n¨ng ho¹t ®éng cña thiÕt bÞ. Do vËy, ph¶i ghi l¹i kho¶ng thêi gian thiÕt bÞ mÊt hoµn 
toµn chøc n¨ng ho¹t ®éng. §©y chÝnh lµ c¬ së ®Ó ®¸nh gi¸ kÕt qu¶ phÐp thö. 

Biªn b¶n thö nghiÖm ph¶i bao gåm c¸c ®iÒu kiÖn thö vµ c¸c kÕt qu¶ thö. 
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U: Nguån ®iÖn ¸p cao 
Rc: §iÖn trë n¹p 
Cc: Tô lu tr÷ n¨ng lîng 
Rs: §iÖn trë ®Þnh d¹ng ®é réng xung 
Rm: §iÖn trë phèi hîp trë kh¸ng 
Lr: Cuén c¶m ®Þnh d¹ng thêi gian t¨ng 

H×nh 1: S¬ ®å nguyªn lý bé t¹o sãng kÕt hîp 

B¶ng 2: §Þnh nghÜa c¸c tham sè d¹ng sãng 1,2/50 µs 

Theo IEC 60-1 Theo IEC 469-1 

§Þnh nghÜa §é réng 
sên tríc, 

µs 

Thêi gian ®Ó biªn 
®é xung gi¶m ®i 

mét nöa, µs 

Thêi gian t¨ng 
(10%-90%), 

µs 

§é réng xung 
(50%-50%), 

µs 

§iÖn ¸p hë m¹ch 
Dßng ®iÖn ng¾n m¹ch 

1,2 
8 

50 
20 

1 
6,4 

50 
16 

Chó ý: Trong c¸c tiªu chuÈn IEC, c¸c d¹ng sãng 1,2/50 µs vµ 8/20 µs thêng ®îc ®Þnh nghÜa theo 
IEC 60-1 nh trong h×nh 2 vµ h×nh 3. C¸c khuyÕn nghÞ kh¸c cña IEC dùa trªn ®Þnh nghÜa d¹ng 
sãng theo IEC 469-1 nh trong b¶ng 2. C¶ hai ®Þnh nghÜa nµy ®Òu phï hîp víi bé tiªu chuÈn 
IEC 1000-4-x vµ chØ m« t¶ lµ mét bé t¹o tÝn hiÖu. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

§é réng sên tríc: T1 = 1,67 x T = 1,2 µs ± 30% 
Thêi gian ®Ó biªn ®é xung gi¶m ®i mét nöa: T2 = 50 µs ± 20%     

H×nh 2: D¹ng sãng ®iÖn ¸p hë m¹ch (1,2/50 µs)  
(®Þnh nghÜa d¹ng sãng theo IEC 60-1) 

U 

Rc 

Cc Rs1 

Rm Lr 

Rs2 

0,5 

1,0 
0,9 

0,3 

0,1 
0,0 

30% max. T 

T1 

U 

t 

T2 

O1 

B 

A 
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§é réng sên tríc: T1 = 1,25 x T = 8 µs ± 30% 
Thêi gian ®Ó biªn ®é xung gi¶m ®i mét nöa: T2 = 20 µs ± 20%     

 

H×nh 3: D¹ng sãng dßng ®iÖn ng¾n m¹ch (8/20 µs)  
(®Þnh nghÜa d¹ng sãng theo IEC 60-1) 

 

 
 
 
 
 
 
 
 
 
 

U: Nguån ®iÖn ¸p cao 
Rc: §iÖn trë n¹p 
Cc: Tô lu tr÷ n¨ng lîng (20 µF) 
Rs: §iÖn trë ®Þnh d¹ng ®é réng xung (50 Ω) 
Rm §iÖn trë phèi hîp trë kh¸ng (Rm1 = 15Ω; Rm2 = 25 Ω) 
Cs: Tô ®iÖn ®Þnh d¹ng thêi gian t¨ng (0,2 µF) 
S1: Kho¸ ®ãng khi dïng c¸c ®iÖn trë phèi hîp trë kh¸ng ngoµi 

H×nh 4: S¬ ®å nguyªn lý cña bé t¹o xung 10/700 µs  
(theo ITU-T, h×nh 1/K.17) 

 

U 

Rc 

Cc Rs 

Rm1 Rm2 

Cs 

S1 

0,5 

1,0 
0,9 

0,1 
0,0 

30% max. T 

T1 

I 

t 

T2 

O1 

B 

C 
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B¶ng 3 - §Þnh nghÜa c¸c tham sè d¹ng sãng 10/700 µs 

Theo ITU-T Theo IEC 469-1 

§Þnh nghÜa §é réng 
sên tríc, 

µs 

Thêi gian ®Ó biªn 
®é xung gi¶m ®i 

mét nöa, µs 

Thêi gian t¨ng 
(10%-90%),  

µs 

§é réng xung 
(50%-50%), 

µs 

§iÖn ¸p hë m¹ch 
Dßng ®iÖn ng¾n m¹ch 

10 
- 

700 
- 

6,5 
4 

700 
300 

Chó ý: Trong c¸c tiªu chuÈn cña IEC vµ khuyÕn nghÞ cña ITU-T, d¹ng sãng 10/700 µs thêng ®îc 
®Þnh nghÜa theo IEC 60-1 nh trong h×nh 5. C¸c khuyÕn nghÞ kh¸c cña IEC dùa trªn ®Þnh nghÜa 
d¹ng sãng theo IEC 469-1 nh trong b¶ng 3. C¶ hai ®Þnh nghÜa nµy ®Òu phï hîp víi bé tiªu 
chuÈn IEC 1000-4-x vµ chØ m« t¶ lµ mét bé t¹o tÝn hiÖu. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

§é réng sên tríc: T1 = 1,67 x T = 10 µs ± 30% 
Thêi gian ®Ó biªn ®é xung gi¶m ®i mét nöa: T2 = 700 µs ± 20% 

 

H×nh 5: D¹ng sãng ®iÖn ¸p hë m¹ch (10/700 µs)  
(®Þnh nghÜa d¹ng sãng theo ITU-T) 

 
 
 
 
 
 
 
 

0,5 

1,0 
0,9 

0,3 

0,1 
0,0 

T 

T1 

U 

t 

T2 

O1 

B 

A 
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H×nh 6:  VÝ dô vÒ cÊu h×nh thö ®èi víi ph¬ng ph¸p ghÐp ®iÖn dung 

trªn c¸c ®êng ac/dc; ghÐp d©y-d©y (theo môc 7.2) 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

H×nh 7:  VÝ dô vÒ cÊu h×nh thö ®èi víi ph¬ng ph¸p ghÐp ®iÖn dung  
trªn c¸c ®êng AC/DC; ghÐp d©y-®Êt (theo môc 7.2) 

 

EUT 

Bé t¹o sãng  
kÕt hîp 

L 

PE 

N 

M¹ch t¸ch 

L 

R = 10 Ω 

C = 9 µF 

§Êt chuÈn 

M¹ng 
cung cÊp 

nguån 
AC(DC) 

L 

N 

PE 

M¹ch t¸ch 

Bé t¹o sãng  
kÕt hîp 

EUT 

L 

C = 18 µF 

§Êt chuÈn 

M¹ng 
cung cÊp 

nguån 
AC(DC) 
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H×nh 8:  VÝ dô vÒ cÊu h×nh thö ®èi víi ph¬ng ph¸p ghÐp ®iÖn dung  
trªn c¸c ®êng AC (3 pha); ghÐp d©y L3-d©y L1 (theo môc 7.2) 

 

L1 

L2 

L3 

N 

PE 

L 

Bé t¹o sãng 
kÕt hîp 

1 2 3 4 

S2 

S1 

C = 18 µF 

M¹ch t¸ch 

EUT 

§Êt chuÈn 

M¹ng 
cung 
cÊp 

nguån 
AC 
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1) Kho¸ S1 
  * d©y - ®Êt: vÞ trÝ 0 
2) Kho¸ S2 
 * c¸c vÞ trÝ trong phÐp thö 1 ®Õn 4 

 

H×nh 9:  VÝ dô vÒ cÊu h×nh thö ®èi víi ph¬ng ph¸p ghÐp ®iÖn dung 
trªn c¸c ®êng AC (3 pha); ghÐp d©y L3-®Êt (theo môc 7.2);  

®Çu ra bé t¹o sãng ®îc nèi ®Êt 

 

0 

L1 

L2 

L3 

N 

PE 

L 

Bé t¹o sãng 
kÕt hîp 

1 2 3 4 

S2 

S1 
C = 9 µF 

M¹ch t¸ch 

EUT 

§Êt chuÈn 

M¹ng 
cung 
cÊp 

nguån 
AC 

 

R = 10 Ω 
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1) Khãa S1 
  * d©y - ®Êt: vÞ trÝ 0 
 * d©y - d©y: vÞ trÝ 1 ®Õn 4 
2) Khãa S2 

 * c¸c vÞ trÝ trong phÐp thö 1 ®Õn 4 nhng kh«ng gièng S1 
3) L = 20 mH, RL lµ thµnh phÇn ®iÖn trë cña cuén d©y L 

 

H×nh 10: VÝ dô vÒ cÊu h×nh thö ®èi víi c¸c ®êng d©y nèi kh«ng cã líp che ch¾n; 
ghÐp d©y-d©y/d©y-®Êt (theo môc 7.3), ghÐp qua c¸c tô 

 

L 

Bé t¹o sãng  
kÕt hîp 

1 2 3 4 

S2 

S1 

C = 0,5 µF 

M¹ch t¸ch 

EUT 

         §Êt chuÈn 

0 

R = 40 Ω 

RL 

ThiÕt bÞ 
b¶o vÖ 

ThiÕt bÞ 
phô trî 

1 
2 
3 
4 
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1) Kho¸ S1 
  * d©y - ®Êt: vÞ trÝ 0 
 * d©y - d©y: vÞ trÝ 1 ®Õn 4 
2) Kho¸ S2 

 * c¸c vÞ trÝ trong phÐp thö 1 ®Õn 4 nhng kh«ng gièng S1 
3) L = 20 mH, RL lµ thµnh phÇn ®iÖn trë cña cuén d©y L 

 

H×nh 11:  VÝ dô vÒ cÊu h×nh thö ®èi víi c¸c ®êng d©y kh«ng ®èi xøng,  
kh«ng cã líp che ch¾n; ghÐp d©y-d©y/d©y-®Êt (theo môc 7.3),  

ghÐp qua c¸c bé triÖt xung 

 
 
 
 
 
 

L 

Bé t¹o sãng  
kÕt hîp 

1 2 3 4 

S2 

S1 

C 

M¹ch t¸ch 

EUT 

 §Êt chuÈn 

0 

R = 40 Ω 

RL 

ThiÕt bÞ 
b¶o vÖ 

ThiÕt bÞ 
phô trî 

1 
2 
3 
4 
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a) Kho¸ S1 
* d©y - ®Êt: vÞ trÝ 0 
* d©y - d©y: vÞ trÝ 1 ®Õn 4 (1 d©y ®îc nèi ®Êt) 
b) TÝnh Rm2 khi sö dông CWG (bé t¹o sãng 1,2/50 µs) 
VÝ dô víi n = 4: Rm2 = 4 x 40 Ω = 160 Ω, cùc ®¹i lµ 250 Ω. 

  TÝnh Rm2 khi sö dông bé t¹o sãng 10/700 µs 
§iÖn trë phèi hîp trong Rm2 (25 Ω) ®îc thay thÕ bëi ®iÖn trë ngoµi Rm2 = n x 25 Ω trªn mçi d©y 
(®èi víi n d©y dÉn, n ≥ 2). 
VÝ dô víi n = 4: Rm2 = 4 x 25 Ω = 100 Ω, Rm2 kh«ng vît qu¸ 250 Ω. 
c) C = 0,1 µF ®èi víi c¸c tÝn hiÖu truyÒn dÉn cã tÇn sè díi 5 kHz; ë c¸c tÇn sè cao h¬n kh«ng sö 
dông tô. 
d) L = 20 mH, RL gi¸ trÞ phô thuéc vµo viÖc suy hao tÝn hiÖu truyÒn dÉn  

 

H×nh 12:  VÝ dô vÒ cÊu h×nh thö ®èi víi c¸c ®êng d©y ®èi xøng,  
kh«ng cã líp che ch¾n (c¸c ®êng viÔn th«ng);  

ghÐp d©y-d©y/d©y-®Êt (theo môc 7.4), ghÐp qua c¸c bé triÖt xung 
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H×nh 13: VÝ dô vÒ cÊu h×nh thö ®èi víi c¸c phÐp thö ®êng d©y cã líp che ch¾n 
(theo môc 7.5) vµ hiÖn tîng chªnh lÖch ®iÖn thÕ (theo môc 7.6), ghÐp dÉn 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

H×nh 14: VÝ dô vÒ cÊu h×nh thö ®èi víi c¸c phÐp thö ®êng d©y kh«ng cã líp che 
ch¾n vµ ®êng d©y cã líp che ch¾n (líp che ch¾n nèi ®Êt mét ®Çu)  

(theo môc 7.5) vµ hiÖn tîng chªnh lÖch ®iÖn thÕ (theo môc 7.6), ghÐp dÉn 
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Phô lôc A 
(Quy ®Þnh) 

Lùa chän bé t¹o tÝn hiÖu thö vµ møc thö 
 

ViÖc lùa chän møc thö ph¶i dùa trªn c¸c ®iÒu kiÖn l¾p ®Æt thiÕt bÞ. V× vËy, nªn 
sö dông b¶ng A.1 cïng c¸c th«ng tin vµ c¸c vÝ dô trong B.3, phô lôc B. C¸c lo¹i 
m«i trêng l¾p ®Æt thiÕt bÞ bao gåm: 

Lo¹i 0: M«i trêng ®iÖn ®îc b¶o vÖ tèt, thêng lµ bªn trong mét phßng  
 ®Æc biÖt. 

Lo¹i 1: M«i trêng ®iÖn ®îc b¶o vÖ mét phÇn. 
Lo¹i 2: M«i trêng ®iÖn trong ®ã c¸c c¸p ®Òu ®îc c¸ch ly tèt, thËm chÝ c¶ 

c¸c ®o¹n c¸p ng¾n. 
Lo¹i 3: M«i trêng ®iÖn trong ®ã c¸p nguån vµ viÔn th«ng ®i song song víi nhau.  
Lo¹i 4: M«i trêng ®iÖn trong ®ã c¸c ®êng d©y liªn kÕt ®îc ®Æt bªn ngoµi, 

däc theo c¸p nguån vµ c¸p dïng cho c¶ c¸c m¹ch ®iÖn, ®iÖn tö. 
Lo¹i 5: M«i trêng ®iÖn dµnh cho c¸c thiÕt bÞ ®iÖn tö nèi víi c¸p viÔn th«ng 

vµ ®êng d©y ®iÖn lùc trªn cao ë khu vùc cã mËt ®é d©n c thÊp. 
Lo¹i x: C¸c ®iÒu kiÖn ®Æc biÖt quy ®Þnh trong tµi liÖu kü thuËt s¶n phÈm. 

C¸c th«ng tin bæ sung kh¸c ®îc tr×nh bµy trong c¸c h×nh tõ B.1 ®Õn B.3  
phô lôc B. 

§Ó ®¸nh gi¸ kh¶ n¨ng miÔn nhiÔm møc hÖ thèng cã thÓ thùc hiÖn mét sè  
biÖn ph¸p b¶o vÖ bæ sung phï hîp víi c¸c ®iÒu kiÖn l¾p ®Æt thùc tÕ, vÝ dô nh  
b¶o vÖ s¬ cÊp. 

ViÖc sö dông xung sÐt (vµ c¸c bé t¹o tÝn hiÖu thö) ®èi víi c¸c m«i trêng kh¸c 
nhau nh sau: 

Lo¹i 1 ®Õn 4:  1,2/50 µs (8/20 µs). 

Lo¹i 5:  1,2/50 µs (8/20 µs) ®èi víi c¸c cæng dµnh cho ®êng d©y ®iÖn 
lùc vµ c¸c ®êng d©y/m¹ch tÝn hiÖu cù ly ng¾n. 

 10/700 µs ®èi víi c¸c cæng dµnh cho ®êng d©y/m¹ch tÝn hiÖu 
cù ly dµi. 

Trë kh¸ng nguån ph¶i ®îc ®a ra trong c¸c h×nh vÏ cÊu h×nh thö. 
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B¶ng A.1: Lùa chän møc thö (theo ®iÒu kiÖn l¾p ®Æt) 

Møc thö 

Nguån ®iÖn 
 

ChÕ ®é ghÐp 
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c©n b»ng, LDB ChÕ 

®é ghÐp 

D©y/m¹ch 
c©n b»ng 
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4,0 3) 
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NA 
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0,5 
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2,0 3) 
2,0 3) 
4,0 3) 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
0,5 
NA 
NA 
NA 

1) Kho¶ng c¸ch giíi h¹n, cÊu h×nh thö ®Æc biÖt, c¸ch bè trÝ ®Æc biÖt, 10m ®Õn tèi ®a 30 m: kh«ng thö 
®èi víi c¸p nèi ng¾n h¬n 10 m, chØ ¸p dông ®èi víi m«i trêng lo¹i 2. 
2) Tuú theo lo¹i nguån ®iÖn cung cÊp. 
3) Thêng ®îc thö khi cã b¶o vÖ s¬ cÊp. 

Gi¶i thÝch: 
          DB: ®êng d©y sè liÖu (data bus)  
          SDB: ®êng d©y cù ly ng¾n (short-distance bus) 
          LDB: ®êng d©y cù ly dµi (long-distance bus) 
          NA: kh«ng dïng (not applicable) 
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Phô lôc B 
(Tham kh¶o) 

Mét sè chó ý 

B.1 Trë kh¸ng nguån 

ViÖc lùa chän trë kh¸ng nguån cña bé t¹o tÝn hiÖu phô thuéc vµo: 

- Lo¹i c¸p/d©y dÉn/®êng ®©y ( nguån AC, nguån DC, d©y nèi...); 

- ChiÒu dµi cña c¸p/®êngd©y; 

- C¸c ®iÒu kiÖn trong/ngoµi nhµ tr¹m; 

- ViÖc ®a c¸c ®iÖn ¸p thö vµo (d©y - d©y hay d©y - ®Êt). 

Møc trë kh¸ng 2 Ω lµ trë kh¸ng nguån cña m¹ng ®iÖn h¹ ¸p. Sö dông bé t¹o 

tÝn hiÖu cã trë kh¸ng ®Çu ra hiÖu dông 2 Ω. 

Møc trë kh¸ng 12 Ω (10 Ω + 2 Ω) lµ trë kh¸ng nguån gi÷a m¹ng ®iÖn h¹ ¸p 

vµ ®Êt. Sö dông bé t¹o tÝn hiÖu cã mét ®iÖn trë phô 10 Ω m¾c nèi tiÕp. 

Møc trë kh¸ng 42 Ω (40 Ω + 2 Ω) lµ trë kh¸ng nguån gi÷a tÊt c¶ c¸c ®êng 

d©y kh¸c vµ ®Êt. Sö dông bé t¹o tÝn hiÖu cã mét ®iÖn trë phô 40 Ω m¾c nèi tiÕp. 

ë mét sè níc (vÝ dô, ë Mü), c¸c tiªu chuÈn ®èi víi ®êng d©y AC yªu cÇu 

c¸c phÐp thö ph¶i ®îc thùc hiÖn theo h×nh 7 vµ h×nh 9 víi trë kh¸ng 2 Ω; ®©y lµ 

mét phÐp thö khã thùc hiÖn h¬n. Th«ng thêng, yªu cÇu nµy lµ 10 Ω. 

B.2 Thùc hiÖn c¸c phÐp thö 

Cã hai lo¹i phÐp thö kh¸c nhau cÇn ®îc ph©n biÖt: phÐp thö kh¶ n¨ng miÔn 
nhiÔm møc thiÕt bÞ vµ phÐp thö kh¶ n¨ng miÔn nhiÔm møc hÖ thèng. 

B.2.1 Kh¶ n¨ng miÔn nhiÔm møc thiÕt bÞ 

PhÐp thö ®îc thùc hiÖn ®èi víi mét EUT riªng lÎ trong phßng thö. Khi ®ã, 
kh¶ n¨ng miÔn nhiÔm cña EUT gäi lµ kh¶ n¨ng miÔn nhiÔm møc thiÕt bÞ. 

§iÖn ¸p thö kh«ng ®îc vît qu¸ ®iÖn ¸p chÞu ®ùng ®· quy ®Þnh cña líp  
c¸ch ®iÖn. 

B.2.2 Kh¶ n¨ng miÔn nhiÔm møc hÖ thèng 

PhÐp thö thùc hiÖn trong phßng thö ®èi víi EUT. Kh¶ n¨ng miÔn nhiÔm møc 
thiÕt bÞ kh«ng ®¶m b¶o kh¶ n¨ng miÔn nhiÔm cña hÖ thèng trong mäi trêng hîp. 
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Nh vËy, nªn sö dông phÐp thö møc hÖ thèng v× nã m« pháng c¸c ®iÒu kiÖn l¾p ®Æt 
thùc tÕ. §iÒu kiÖn l¾p ®Æt ®îc m« pháng bao gåm  c¸c thiÕt bÞ b¶o vÖ (bé phãng 
®iÖn, varistor, d©y cã che ch¾n...), lo¹i vµ chiÒu dµi thùc cña d©y nèi. 

Môc ®Ých cña phÐp thö lµ m« pháng cµng gièng c¸c ®iÒu kiÖn l¾p ®Æt thùc tÕ 
cña EUT cµng tèt. 

Trêng hîp thö kh¶ n¨ng miÔn nhiÔm trong ®iÒu kiÖn l¾p ®Æt thùc tÕ, møc thö 

®iÖn ¸p cao h¬n cã thÓ ®îc sö dông, nhng møc n¨ng lîng ph¶i ®îc h¹n chÕ 
theo ®Æc tÝnh giíi h¹n dßng cña thiÕt bÞ b¶o vÖ.  

PhÐp thö còng ph¶i chØ ra r»ng c¸c ¶nh hëng thø cÊp ®îc t¹o ra bëi c¸c thiÕt 

bÞ b¶o vÖ (sù thay ®æi d¹ng sãng, chÕ ®é, biªn ®é ®iÖn ¸p hoÆc dßng ®iÖn) kh«ng 
g©y ra c¸c ¶nh hëng xÊu ®Õn EUT. 

B.3 Ph©n lo¹i m«i trêng l¾p ®Æt 

Lo¹i 0: M«i trêng ®iÖn ®îc b¶o vÖ tèt, thêng lµ bªn trong mét phßng ®Æc biÖt. 

TÊt c¶ c¸c lo¹i c¸p nhËp tr¹m ®Òu ®îc b¶o vÖ chèng qu¸ ¸p (s¬ cÊp vµ  
thø cÊp). C¸c bé phËn cña thiÕt bÞ ®iÖn tö ®îc nèi víi nhau b»ng mét hÖ thèng  
tiÕp ®Êt hîp lý, vÒ c¬ b¶n kh«ng bÞ ¶nh hëng khi l¾p ®Æt hÖ thèng thiÕt bÞ nguån  
hay sÐt ®¸nh.  

ThiÕt bÞ ®iÖn tö cã hÖ thèng cung cÊp nguån riªng (xem b¶ng A.1). 

§iÖn ¸p xung cã thÓ kh«ng vît qu¸ 25 V. 

Lo¹i 1: M«i trêng ®iÖn ®îc b¶o vÖ mét phÇn. 

TÊt c¶ c¸c lo¹i c¸p vµo phßng nµy ®Òu ®îc b¶o vÖ chèng qu¸ ¸p (s¬ cÊp). C¸c 

bé phËn cña thiÕt bÞ ®iÖn tö ®îc nèi víi nhau b»ng mét m¹ng d©y ®Êt, vÒ c¬ b¶n 
kh«ng bÞ ¶nh hëng khi l¾p ®Æt hÖ thèng thiÕt bÞ nguån hay do sÐt ®¸nh. 

ThiÕt bÞ ®iÖn tö cã hÖ thèng cung cÊp nguån hoµn toµn c¸ch ly víi c¸c  

thiÕt bÞ kh¸c. 

C¸c thao t¸c ®ãng ng¾t cã thÓ t¹o ra c¸c ®iÖn ¸p nhiÔu trong phßng. 

§iÖn ¸p xung cã thÓ kh«ng vît qu¸ 500 V. 

Lo¹i 2: M«i trêng ®iÖn trong ®ã c¸c sîi c¸p ®Òu ®îc c¸ch ly thËm chÝ c¶ c¸c 

®o¹n c¸p ng¾n. 

HÖ thèng thiÕt bÞ ®îc nèi ®Êt qua mét d©y ®Êt c¸ch ly ®Õn hÖ thèng tiÕp ®Êt 
cña nguån ®iÖn, hÖ thèng nµy cã thÓ ph¶i chÞu c¸c ®iÖn ¸p nhiÔu ®îc t¹o ra ngay 
trong hÖ thèng hoÆc do sÐt ®¸nh. HÖ thèng cung cÊp nguån cho thiÕt bÞ ®iÖn tö 
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®îc c¸ch ly víi c¸c m¹ch kh¸c, chñ yÕu lµ b»ng mét biÕn ¸p ®Æc biÖt dïng cho hÖ 
thèng nguån. 

Trong hÖ thèng nµy cã c¸c m¹ch cha ®îc b¶o vÖ, nhng chóng cã sè lîng 
h¹n chÕ vµ ®· ®îc c¸ch ly hîp lý.  

§iÖn ¸p xung cã thÓ kh«ng vît qu¸ 1 kV. 

Lo¹i 3: M«i trêng ®iÖn trong ®ã c¸c sîi c¸p nguån vµ viÔn th«ng ®i song song  
víi nhau.  

HÖ thèng thiÕt bÞ ®îc nèi víi hÖ thèng tiÕp ®Êt chung cña nguån ®iÖn, hÖ 
thèng nµy cã thÓ ph¶i chÞu c¸c ®iÖn ¸p nhiÔu ®îc t¹o ra do viÖc l¾p ®Æt thiÕt bÞ 
hoÆc do sÐt ®¸nh. 

Dßng ®iÖn do lçi ®Êt, c¸c thao t¸c ®ãng ng¾t vµ sÐt ®¸nh trong hÖ thèng nguån 
cã thÓ t¹o ra c¸c ®iÖn ¸p nhiÔu t¬ng ®èi lín trong hÖ thèng tiÕp ®Êt. ThiÕt bÞ ®iÖn 
tö ®· ®îc b¶o vÖ vµ thiÕt bÞ ®iÖn cã ®é nh¹y thÊp ®îc nèi víi cïng mét hÖ thèng 
nguån. C¸p nèi cã thÓ cã mét phÇn ngoµi trêi, nhng chóng ph¶i gÇn víi hÖ thèng 
tiÕp ®Êt. 

Trong hÖ thèng thiÕt bÞ cã c¸c t¶i ®iÖn c¶m kh«ng ®îc triÖt xung vµ thêng 
kh«ng cã sù c¸ch ly gi÷a c¸c lo¹i c¸p kh¸c nhau. 

§iÖn ¸p xung cã thÓ kh«ng vît qu¸ 2 kV. 

Lo¹i 4: M«i trêng ®iÖn trong ®ã c¸c ®êng d©y nèi ra ngoµi ®i cïng c¸p ®iÖn lùc 
vµ c¸p thêng dïng cho c¶ c¸c m¹ch ®iÖn vµ ®iÖn tö. 

HÖ thèng thiÕt bÞ ®îc nèi víi hÖ thèng tiÕp ®Êt cña nguån ®iÖn, hÖ thèng  
nµy cã thÓ ph¶i chÞu c¸c ®iÖn ¸p nhiÔu ®îc t¹o ra do viÖc l¾p ®Æt thiÕt bÞ hoÆc  
do sÐt ®¸nh. 

Dßng ®iÖn trong d¶i kA do lçi ®Êt, c¸c thao t¸c ®ãng ng¾t vµ sÐt ®¸nh trong hÖ 
thèng nguån cã thÓ t¹o ra c¸c ®iÖn ¸p nhiÔu t¬ng ®èi lín trong hÖ thèng tiÕp ®Êt. 
ThiÕt bÞ ®iÖn tö vµ thiÕt bÞ ®iÖn cã thÓ dïng chung mét hÖ thèng nguån. C¸p nèi 
®îc ®i ngoµi trêi, ngay c¶ ®èi víi thiÕt bÞ cã ®iÖn ¸p cao. 

Trêng hîp ®Æc biÖt cña m«i trêng nµy lµ khi thiÕt bÞ ®iÖn tö ®îc nèi ®Õn 
m¹ng viÔn th«ng trong khu vùc cã mËt ®é d©n c cao. Trong m«i trêng lo¹i nµy, 
kh«ng cã m¹ng tiÕp ®Êt ®îc x©y dùng cã tÝnh hÖ thèng ë bªn ngoµi thiÕt bÞ ®îc 
thö mµ hÖ thèng tiÕp ®Êt chØ bao gåm c¸c èng níc, c¸p... 

§iÖn ¸p xung cã thÓ kh«ng vît qu¸ 4 kV. 

Lo¹i 5: M«i trêng ®iÖn dµnh cho c¸c thiÕt bÞ ®iÖn tö nèi víi c¸p viÔn th«ng vµ 
®êng d©y ®iÖn lùc trªn cao ë khu vùc cã mËt ®é d©n c thÊp. 
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TÊt c¶ c¸c ®êng d©y vµ c¸p ®Òu ®îc b¶o vÖ chèng qu¸ ¸p (s¬ cÊp). PhÝa 
ngoµi thiÕt bÞ ®iÖn tö kh«ng cã hÖ thèng tiÕp ®Êt réng (c«ng tr×nh kh«ng ®îc b¶o 
vÖ). §iÖn ¸p nhiÔu do c¸c lçi ®Êt (dßng ®iÖn ®Õn 10 kA) vµ do sÐt ®¸nh (dßng ®iÖn 
®Õn 100 kA) cã thÓ rÊt cao. 

Yªu cÇu cña lo¹i m«i trêng nµy ®îc quy ®Þnh bëi møc thö sè 4 (xem  
phô lôc A). 

Lo¹i x: C¸c ®iÒu kiÖn ®Æc biÖt ®îc quy ®Þnh trong chØ tiªu kü thuËt cña s¶n phÈm. 

C¸c vÝ dô vÒ c¸c hÖ thèng thiÕt bÞ ®iÖn tö trong c¸c vïng kh¸c nhau ®îc cho 
trong c¸c h×nh B.1, B.2 vµ B.3. 

B.3.1 Kh¶ n¨ng miÔn nhiÔm møc thiÕt bÞ t¹i c¸c cæng nèi víi m¹ng ®iÖn 
Møc miÔn nhiÔm tèi thiÓu ®èi víi viÖc kÕt nèi vµo m¹ng ®iÖn c«ng céng lµ: 
- GhÐp d©y - d©y: 0,5 kV (cÊu h×nh thö theo c¸c h×nh 6 vµ 8). 
- GhÐp d©y - ®Êt: 1,0 kV (cÊu h×nh thö theo c¸c h×nh 7 vµ 9). 

B.3.2 Kh¶ n¨ng miÔn nhiÔm møc thiÕt bÞ t¹i c¸c cæng nèi víi c¸c ®êng d©y liªn kÕt 

C¸c phÐp thö ®èi víi hiÖn tîng xung trªn c¸c m¹ch nèi chØ cÇn thùc hiÖn ®èi 
víi c¸c kÕt nèi bªn ngoµi (phÝa ngoµi khung gi¸/nhµ thiÕt bÞ). 

NÕu cã thÓ thùc hiÖn thö kh¶ n¨ng miÔn nhiÔm møc hÖ thèng (EUT cã c¸p ®· 
®îc nèi), th× kh«ng cÇn thö kh¶ n¨ng miÔn nhiÔm møc thiÕt bÞ (vÝ dô, c¸c cæng 
vµo/ra tÝn hiÖu hoÆc ®iÒu khiÓn) ®Æc biÖt lµ trong trêng hîp vá cña c¸p nèi ®îc 
coi lµ mét phÇn cña c¸c biÖn ph¸p b¶o vÖ. NÕu viÖc l¾p ®Æt thiÕt bÞ kh«ng ®îc thùc 
hiÖn bëi nhµ s¶n xuÊt thiÕt bÞ, ph¶i quy ®Þnh ®iÖn ¸p cã thÓ chÊp nhËn ®èi víi c¸c 
®Çu vµo/®Çu ra cña EUT. 

Nhµ s¶n xuÊt thiÕt bÞ cÇn kiÓm tra thiÕt bÞ trªn c¬ së c¸c møc thö ®· ®îc quy 
®Þnh ®Ó kh¼ng ®Þnh kh¶ n¨ng miÔn nhiÔm møc thiÕt bÞ, vÝ dô møc thö 0,5 kV ®èi 
víi EUT cã b¶o vÖ thø cÊp t¹i c¸c cæng. Sau ®ã, ngêi sö dông hoÆc ngêi cã tr¸ch 
nhiÖm ®èi víi hÖ thèng thiÕt bÞ cÇn ¸p dông c¸c biÖn ph¸p (nh che ch¾n, liªn kÕt, 
tiÕp ®Êt b¶o vÖ) ®Ó ®¶m b¶o ®iÖn ¸p nhiÔu g©y ra do sÐt kh«ng vît qu¸ møc miÔn 
nhiÔm ®· chän. 
 

 
 
 
 
 

 

H×nh B.1: VÝ dô vÒ viÖc b¶o vÖ xung b»ng c¸ch che ch¾n  
trong c¸c nhµ tr¹m cã hÖ thèng ®Êt chuÈn chung 

C¸p cã líp che ch¾n 
EUT 1 
vÝ dô 
CPU 

EUT 2 
vÝ dô 

§Çu cuèi 

§Êt chuÈn chung 
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H×nh B.2: VÝ dô vÒ viÖc b¶o vÖ xung thø cÊp  
trong c¸c nhµ tr¹m cã hÖ thèng ®Êt chuÈn chung c¸ch ly 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

H×nh B.3: VÝ dô vÒ b¶o vÖ xung s¬ cÊp vµ thø cÊp  
cña c¸c thiÕt bÞ trong hoÆc ngoµi nhµ tr¹m 

C¸p cã che ch¾n 
EUT 1 
vÝ dô 
CPU 

EUT 2 
vÝ dô 

§Çu cuèi 

§Êt chuÈn 

C¸p cã che ch¾n 

§Êt chuÈn 

C¸p kh«ng 
cã líp  

che ch¾n  

B¶o vÖ  
thø cÊp  

B¶o vÖ  
thø cÊp  

C¸p cã 
che ch¾n 

EUT 1 
vÝ dô 
CPU 

B¶o vÖ 
thø cÊp 

B¶o vÖ  
s¬ cÊp 

B¶o vÖ  
s¬ cÊp vµ 
thø cÊp 

EUT 2 
vÝ dô 

§Çu cuèi C¸p kh«ng cã  
líp che ch¾n 

Chèng  
sÐt 



  TCN 68 - 209: 2002 

 37

 
 

 
 

Foreword 
 
 

The technical standard TCN 68 - 209: 2002 “ElectroMagnetic Compatibility 
(EMC) – Surge immunity – Testing and measurement techniques” is based on the 
IEC 1000 - 4 - 5: 1995. 

 The technical standard TCN 68 - 209: 2002 is drafted by Research Institute of Posts 
and Telecommunications (RIPT) at proposal of Department of Science & Technology of 
Ministry of Posts and Telematics. The technical standard is adopted by the Decision No. 
28/2002/QD-BBCVT of the Minister of Posts and Telematics dated 18/12/2002. 

The technical standard TCN 68 - 209: 2002 is issued in a bilingual document 
(Vietnamese version and English version). In cases of interpretation disputes, Vietnamese 
version is applied. 
 

DEPARTMENT OF SCIENCE & TECHNOLOGY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



TCN 68 - 209: 2002 

 38 

 
electromagnetic compatibility (EMC) 

Surge immunity 

Testing and measurement techniques 
(Issued together with Decision No. 28/2002/QD-BBCVT of December 18, 2002  

of the Minister of Posts and Telematics) 

1. Scope 

This standard relates to the immunity requirements, test methods, and range of 
recommended tests levels for equipment to unidirectional surges caused by 
overvoltages from switching and lightning transients. Several test levels are defined 
which relate to different environment and installation conditions. These 
requirements are developed for and are applicable to electrical and electronic  
equipment. 

The object of this standard is to establish a common reference for evaluating 
the performance of equipment when subjected to high-energy disturbances on the 
power and interconnection lines. 

This standard defines: 

- Range of test levels; 

- Test equipment; 

- Test set-up; 

- Test procedure. 

The task of the described laboratory test is to find the reaction of the EUT 
under specified operational conditions caused by surge voltages from switching and 
lightning effects at certain threat levels. 

It is not intended to test the capability of the insulation to withstand high-
voltage stress. Direct lightning is not considered in this standard. 

This standard does not intend to specify the tests to be applied to particular 
apparatus or systems. Its main aim is to give a general basic reference to all 
concerned product committees. The product committees (or users and 
manufacturers of equipment) remain responsible for the appropriate choice of the 
test and the severity level to be applied to their equipment. 

Note: This standard is applicable to telecommunication equipments. 
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2. Normative references 

[1] IEC 1000-4-5:1995, Electromagnetic compatibility (EMC) - Part 4: 
Testing and measurement techniques - Section 5: Surge immunity test  

[2] IEC 50(161): 1990, International Electrotechnical Vocabulary (IEV) - 
Chapter 161: Electromagnetic compatibility 

[3] IEC 60-1: 1989, High-voltage test techniques - Part 1: General 
definitions and test requirements 

[4] IEC 469-1: 1987, Pulse techniques and apparatus - Part 1: Pulse terms 
and definitions 

3. General 

3.1 Switching transients 

System switching transients can be separated into transients associated with: 

a) Major power system switching disturbances, such as capacitor bank switching; 

b) Minor switching activity near the instrumentation of load changes in the 
power distribution system; 

c) Resonating circuits associated with switching devices, such as thyristors; 

d) Various system faults, such as short circuits and arcing faults to the 
earthing system of the installation. 

3.2 Lightning transients 

The major mechanisms by which lightning produces surge voltage are the 
following: 

a) A direct lightning stroke to an external circuit (outdoor) injecting high 
currents producing voltages by either flowing through earth resistance of flowing 
through the impedance of the external circuit; 

b) An indirect lightning stroke (i.e. a stroke between or within clouds or to 
nearby objects which produces electromagnetic fields) that induces 
voltages/currents on the conductors outside and/or inside a building; 

c) Lightning earth current flow resulting from nearby direct-to-earth 
discharges coupling into the common earth paths of the earthing system of the 
installation. 

The rapid change of voltage and flow of current which may occur when a 
protector is excited may couple into internal circuits. 
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3.3 Simulation of the transients 

a) The characteristics of the test generator are such that it simulates the above 
mentioned phenomena as closely as possible; 

b) If the source of interference is in the same circuit, e.g. in the power supply 
network (direct coupling), the generator may simulate a low impedance source at 
the ports of the equipment under test; 

c) If the source of interference is not in the same circuit (indirect coupling) as 
the ports of the victim-equipment, then the generator may simulate a higher 
impedance source. 

4. Definitions 

4.1 Balanced lines 

A pair of symmetrically driven conductors with a conversion loss from 
differential to common mode of less than 20 dB. 

4.2 Coupling network  

Electrical circuit for the purpose of transferring energy from one circuit to 
another. 

4.3 Decoupling network  

Electrical circuit for the purpose of preventing surges applied to the EUT from 
affecting other devices, equipment or systems which are not under test. 

4.4 Duration  

The absolute value of the interval during which a specified waveform or 
feature exists or continues. [IEC 469-1] 

4.5 Front time 

Surge voltage: the front time T1 of a surge voltage is a virtual parameter 
defined as 1.67 times the interval T between the instants when the impulse is 30% 
and 90% of the peak value (see figure 2). 

Current surge: the front time T1 of a surge current is a virtual parameter 
defined as 1.25 times the interval T between the instants when the impulse is 10% 
and 90% of the peak value (see figure 3). [IEC 60-1 modified] 

4.6 Immunity  

The ability of a device, equipment or system to perform without degradation 
in the presence of an electromagnetic disturbances. [IEV 161-01-20] 
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4.7 Electrical installation  

An assembly of associated electrical equipment to fulfill a specific purpose 
and purposes and having coordinated characteristics. [IEV 826-01-01] 

4.8 Interconnection lines 

Interconnection lines consist of: 

- I/O lines (input/output lines); 

- Communication lines; 

- Balanced lines. 

4.9 Primary protection  

The means by which the majority of stressful energy is prevented from 
propagating beyond the designated interface. 

4.10 Rise time  

The interval of time between the instants at which the instantaneous value of a 
pulse first reaches a specified lower value and then a specified upper value. 

Note: Unless otherwise specified, the lower and upper values are fixed at 10% and 90% of 
the pulse magnitude. [IEV 161-02-05] 

4.11 Secondary protection  

The means by which the let-through energy from primary protection is 
suppressed. It may be a special device or an inherent characteristic of the EUT. 

4.12 Surge  

A transient wave of electrical current, voltage, or power propagating along a 
line or a circuit and characterized by a rapid increase followed by a slower 
decrease. [IEV 161-08-11 modified]. 

4.13 System  

Set of interdependent elements constituted to achieve a given objective by 
performing a specified function. 

Note: The system considered to be separated from the environment and other external 
systems by an imaginary surface which cuts the links between them and the considered system. 
Through these links, the system is affected by the environment, is acted upon by the external 
systems, or acts itself on the environment or the external systems. [IEV 351-01-01] 

4.14 Time to half-value T2  

The time to half-value T2 of a surge is a virtual parameter defined as the time 
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interval between the virtual origin O1 and the instant when the voltage current has 
decreased to half the peak value. [IEC 60-1 modified] 

4.15 Transient  

Pertaining to or designating a phenomenon or a quantity which varies between 
two consecutive steady states during a time interval short compared to the time-
scale of interest. [IEV 161-02-01] 

5. Test levels 

The preferential range of test levels is given in Table 1. 

Table 1: Test levels 

Level 
Open-circuit test voltage 

±10%, kV 

1 0.5 
2 1.0 
3 2.0 
4 4.0 
x special 

Note: x is an open class. This level can be specified in the 
product specification. 

 

The test levels shall be selected according to the installation conditions; 
classes of installation are given in B.3 of annex B. 

All voltages of the lower test levels shall be satisfied (see 8.2). 
For selection of the test levels for the different interfaces, see annex A. 

6. Test instrumentation 

6.1 Combination wave (hybrid)  generator (1.2/50 µs - 8/20 µs) 

A simplified circuit diagram of the generator is given in figure 1. The values 
for the different components Rs1, Rs2, Rm, Lr, and Cc are selected so that the 

generator delivers a 1.2/50 µs voltage surge (at open-circuit conditions) and a  

8/20 µs current surge into a short circuit, i.e. the generator has an effective out-put 

impedance of 2Ω. 

For convenience, an effective output impedance is defined for a surge 
generator by calculating the ratio of peak open-circuit output voltage and peak 
short-circuit current. 

Such a generator with 1.2/50 µs open-circuit voltage waveform 8/20 µs short-
circuit current waveform is referred to as a combination wave generator (CWG) or 
hybrid generator. 
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Notes: 

1. The waveform of the voltage and current is a function of the EUT input impedance. This 
impedance may change during surges to equipment and due either to proper operation of the 
installed protection devices, or to flashover or component breakdown. If the protection devices 
are absent or inoperative. Therefore the 1.2/50 µs voltage and the 8/20 µs current waves have to 
be available from the same test generator output as instantaneously required by the load. 

2. The combination wave generator described in this standard is identical to the hybrid 
generator sometimes specified in some other standards. 

6.1.1 Characteristics and performance of the combination wave generator 

Open-circuit output voltage:  

 At least as low as 

       Waveform of the surge voltage 

       Tolerance of the open circuit 
output voltage 

0.5 kV to at least as high as 4.0 kV 

see figure 2 and table 2 

 

± 10 % 

Short-circuit output current:  

At least as low as 

Waveform of the surge current 

Tolerance of the short-circuit 
output current 

0.25 kA to at least as high as 2.0 kA 

see figure 3 and table 2 
 

± 10 % 

Polarity positive/negative 

Phase shifting in a range between 00 to 3600 versus 
the AC line phase angle 

Repetition rate at least 1 per min 

A generator with floating output shall be used. 

Additional resistors (10 Ω or 40 Ω) shall be included to increase the required 
effective source impedances for the specified test conditions (see clause 7 and B.1 
of annex B). 

Under these circumstances, the open-circuit voltage waveform and the short-
circuit current waveform in combination with the coupling/decoupling network are 

no longer 1.2/50 µs and 8/20 µs respectively (combination wave). 

6.1.2 Verification of the characteristics of the generator 

In order to compare the test results from different test generators, the test 
generator characteristic shall be verified. For this purpose, the  following procedure 
is necessary to measure the most essential characteristics of the generator. 



TCN 68 - 209: 2002 

 44 

The test generator output shall be connected to a measuring system with a 
sufficient bandwidth and voltage capability to monitor the characteristics of the 
waveforms. 

The characteristics of the generator shall be measured under open-circuit 

conditions (load greater or equal to 10 kΩ) and under short-circuit conditions (load 

smaller or equal to 0.1 Ω) at the same charge voltage. 
Note: Short-circuit current: 0.25 kA minimum with the open-circuit voltage set to 0.5 kV 

and 2.0 kA minimum with the open-circuit voltage set to 4.0 kV. 

6.2 Test generator 10/700 µs according to CCITT 

The simplified circuit diagram of the generator is given in figure 4. The values 
for the different components Rc, Cc, Rs, Rm1, Rm2 and Cs are defined so that the 

generator delivers a 10/700 µs surge. 

6.2.1 Characteristics and performances of the generator 

Open-circuit output voltage:  

At least as low as 

Waveform of the surge voltage 

Tolerance of the open-circuit output 
voltage 

0.5 kV to at least as high as 4.0 kV 

see figure 5 (IEC 60-1) and Table 3 
 

± 10% 

Short-circuit output current:  

At least as low as 

Waveform of the surge current 

Tolerance of the short-circuit output 
current 

12.5 A to at least as high as 100 A 

see table 3 
 

± 10% 

Polarity positive/negative 

Repetition rate at least 1 per min 

A generator with floating output shall be used. 

6.2.2 Verification of the characteristics of the generator 

The verification conditions for the 10/700 µs test generator are identical to 
6.1.2 with the following note. 

Note: Short-circuit current: 12.5 A minimum with the open-circuit voltage set to 0.5 kV 
and 100 A minimum with the open-circuit voltage set to 4.0 kV. 

6.3 Coupling/decoupling networks 

Coupling/decoupling networks shall not significantly influence the parameters 
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of the generators e.g. open-circuit voltage, short-circuit current capability as in the 
specified tolerances. 

Exception: Coupling via arrestor. 

Each coupling/decoupling network shall satisfy the following requirements: 

6.3.1 Coupling/decoupling networks for AC/DC power supply circuits (only used  
          with combination wave generator) 

The front time and surge time to half value shall be verified for voltage under 
open-circuit conditions and for current under short-circuit conditions. 

The test generator output or its coupling network shall be connected to a 
measuring system with a sufficient bandwidth and voltage capability to monitor the 
open-circuit voltage waveform. 

The short-circuit current waveform can be measured with a current 
transformer through whose aperture passes a short-circuit link between the output 
terminals of the coupling network. 

All waveform definitions, as well as all other performance parameters of the 
test generator, should be as specified in 6.1.1 at the output of the 
coupling/decoupling network as well as at the output of the generator itself. 

Note: When the generator impedance is increased from 2 Ω to e.g. 12 Ω or 42 Ω 
according to the requirements of the test set-up, the duration of the test pulse at the output of the 
coupling network might be significantly changed. 

6.3.1.1 Capacitive coupling for power supply circuits 

Capacitive coupling enables the test voltage to be applied line to line or one 
line to earth while the power supply decoupling network is also connected. The 
circuit diagrams for single phase systems are shown in figures 6 and 7 and for 
three-phase systems are shown in figures 8 and 9. 

Rated characteristics of the coupling/decoupling network: 

Coupling: 

Coupling capacitors: C = 9 µF or 18 µF (see test set-up) 

Decoupling: 

Decoupling inductance for supply voltage: L = 1.5 mH 

The residual surge voltage on unsurged lines shall not exceed 15% of the 
maximum applicable test voltage when the EUT is disconnected. 

The residual surge voltage on the power supply inputs of the decoupling 
network when the EUT and the power supply network are disconnected, shall not 
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exceed 15% of the applied test voltage or twice peak value of the power line 
voltage whichever is higher. 

The above-mentioned characteristics for single-phase systems (line, neutral, 
protective earth) are also valid for three-phase systems (three-phase wires, neutral 
and protective earth). 

6.3.1.2 Inductive coupling for power supply 

Under consideration. 

6.3.2 Coupling/decoupling networks for interconnection lines 

The coupling method shall be selected as a function of the circuits and 
operational conditions. This has to be specified in the product specification. 

Examples of the coupling methods are the following: 
- Capacitive coupling; 
- Coupling via arrestors. 
The different set-ups defined in the following subclauses to test a given port of 

the EUT may not give comparable results. The most suitable set-up has to be 
selected in the product specification/standard. 

Note: RL in figures 10 to 12 represents the resistive part of the inductance L and the value 
is dependent on negligible attenuation of the transmission signal. 

6.3.2.1 Capacitive coupling for interconnection lines 

The capacitive coupling is the preferred method for unbalanced unshielded 
I/O circuits when there is no influence to the functional communication on that 
line. The application is in accordance with figure 10 for line-to-line coupling and 
for line-to-earth coupling. 

Rated characteristics of the capacitive coupling/decoupling network: 

- Coupling capacitor C =  0.5 µF  

- Decoupling inductors L (not current compensated) = 20 mH 

Note: Signal current capability has to be considered and is dependent on the circuits  
under test. 

6.3.2.2 Coupling via arrestors 

Coupling via arrestors is the preferred coupling method for unshielded 
balanced circuits (telecommunication), as shown in figure 12. 

The method can also be used in cases where the capacitive coupling is not 
possible because of functional problems caused by attachment of capacitors to the 
EUT (see figure 11). 
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The coupling network also has the task to accommodate the distribution of the 
surge current in the case of induced voltages in multiconductor cables. 

Therefore the resistances Rm2 in the coupling network shall be, for n 

composite conductors, n x 25 Ω (for n equal to or greater than 2). 

Example: n = 4, Rm2 = 4 x 25 Ω. With the impedance of the generator the total 

value is approximately 40 Ω, Rm2 shall not exceed 250 Ω. 

The coupling via gas-filled arrestors can be improved by capacitors in parallel 
with the arrestors. 

Example: C ≤ 0.1 µF for frequencies of the transmission signal on the line 
below 5 kHz. At higher frequencies no capacitors are used. 

Rated characteristics of the coupling/decoupling network:  

- Coupling resistance Rm2 n x 25 Ω (for n equal to or greater than 2) 

- Arrestor (gas-filled) 90 V 

- Decoupling inductor L (ring 
core, current compensated) 

 

20 mH 

Notes: 

1. In some cases, arrestors with higher activation voltages are used for functional reasons. 

2. Other elements than arrestors may be used when the operational conditions are not 
unduly influenced. 

6.3.3 Other coupling methods 

Other coupling methods are under consideration 

7. Test set-up 

7.1 Test equipment 

- The following equipment is part of the test set-up: 

- Equipment under test (EUT); 

- Auxiliary equipment (AE); 

- Cables (of specified type and length); 

- Coupling device (capacitive or arrestors); 

- Test generator (combination wave generator, 10/700 µs generator); 

- Decoupling network/protection devices; 

- Additional resistors, 10 Ω and 40 Ω (see B.1 of annex B). 
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7.2 Test set-up for tests applied to EUT power supply 

The surge is to be applied to the EUT power supply terminals via the capacitive 
coupling network (see figures 6, 7, 8 and 9). Decoupling networks are required in 
order to avoid possible adverse effects on equipment not under test that may be 
powered by the same lines and to provide sufficient decoupling impedance to the 
surge wave so that the specified wave may be developed on the lines under test. 

If not otherwise specified the power cord between the EUT and the 
coupling/decoupling network shall be 2 m in length (or shorter). 

To simulate the representative coupling impedances, in some cases additional 
specified resistors have to be used for the tests (explanations, see B.1 of annex B). 

Note: In some countries (e.g. USA) standards for AC lines require the tests according to 

figures 7 and 9 with a 2 Ω impedance although this is a more severe test. The general 

requirement is 10 Ω. 

7.3 Test set-up for tests applied to unshielded unsymmetrically operated  
        interconnection lines 

In general, the surge is applied to the lines in accordance with figure 10 via 
capacitive coupling. The coupling/decoupling network shall not influence the 
specified functional conditions of the circuits to be tested. 

An alternative test set-up (coupling via arrestors) is given in figure 11 for 
circuits with a higher signal transfer rate. Selection shall be made depending on the 
capacitive load with respect to the transmission frequency. 

If not otherwise specified, the interconnection line between the EUT and the 
coupling/decoupling network shall be 2 m in length (or shorter). 

7.4 Test set-up for tests applied to unshielded symmetrically operated  
        interconnection/telecommunication lines (figure 12) 

For balanced interconnection/telecommunication circuits, the capacitive 
coupling method can normally not be used. In this case, the coupling is performed 
via gas arrestors (CCITT Recommendation K.17). Test levels below the ignition 
point of the coupling arrestor (about 300 V for a 90 V arrestors) can not be 
specified (except in the case of secondary protection without gas arrestors). 

Note: Two test configurations are to be considered: 

- For the equipment level immunity test with only secondary protection at the EUT at a low 
test level, e.g. 0.5 kV or 1 kV. 

- For the system level immunity test with additional primary protection at a higher test 
level, e.g. 2 kV or 4 kV. 
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If not otherwise specified the interconnection line between the EUT and the 
coupling/decoupling network shall be 2 m in length (or shorter). 

7.5 Test set-up for tests applied to shielded lines 

In the case of shielded lines a coupling/decoupling network may not be 
applicable. Thus the surge is applied to the shields (metallic enclosures) of the 
EUTs and connected shields of the lines in accordance with figure 13. For shields 
connected at one end figure 14 applies. For decoupling the connected safety 
earthwire a safety isolating transformer shall be used. Normally, the maximum 
length of the specified shielded cable shall be used. With respect to the frequency 
spectrum of the surge 20 m length of the specified shielded cable shall be used in 
non-inductively bundled configuration for physical reasons. 

Rules for application of the surge to shielded lines: 

a) Shields earthed at both ends 

- The surge injection on the shield shall be carried out according to figure 13. 

b) Shields earthed at one end 

- The test shall be carried out according to figure 14. The capacitor C 
represents the cable capacity to earth and the value may be calculated with 100 
pF/m. As a representative value 10 nF may be used unless otherwise specified. 

The test level applied on shields is the "line-to-earth value" (2 Ω impedance) 

7.6 Test set-up to apply potential differences 

If it is necessary to apply potential differences which simulate voltages that 
can occur within a system, the tests may be carried out in accordance with figure 
13 for systems with shielded lines, shields earthed at both ends, and in accordance 
with figure 14 for systems with unshielded lines or shielded lines earthed only at 
one end. 

7.7 Other test set-ups  

If one of the specified coupling methods in the test set-up cannot be used for 
functional reasons, alternative methods (suitable for the special case) shall be 
specified in the dedicated product standard. 

7.8 Test conditions 

The operational test conditions and the installation conditions shall be in 
accordance with the product specification and shall include the: 

- Test configuration (hardware); 

- Test procedure (software). 
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8. Test procedure 

8.1 Laboratory reference conditions 

In order to minimize the impact of the environmental parameters on the test 
results, the test shall be carried out in climatic and electromagnetic reference 
conditions as specified in 8.1.1 and 8.1.2. 

8.1.1 Climatic conditions 

The climatic conditions shall comply with the following requirements:  

- Ambient temperature:  150C to 350C 

- Relative humidity:  10% to 75% 

- Atmospheric pressure:  86 kPa to 106 kPa (860 mbar to 1060 mbar). 

Note: Any other value may be specified in the product specification. The EUT should be 
operated within its intended climatic conditions. The temperature and relative humidity should 
be recorded in the test report. 

8.1.2 Electromagnetic conditions 

The electromagnetic environment of the laboratory shall not influence  
the test results. 

8.2 Application of the surge in the laboratory 

The characteristics and performance of the test generators shall be as specified 
in 6.1.1 and 6.2.1; the calibration of the generators shall be performed according to 
6.1.2 and 6.2.2. 

The test shall be performed according to the test plan that shall specify (see 
also B.2 of annex B) the test set-up with 

- Generator and other equipment utilized; 

- Test level (voltage/current) (see annex A); 

- Generator source impedance; 

- Polarity of the surge; 

- Internal or external generator trigger; 

- Number of tests: at least five positive and five negative at the selected points; 

- Repetition rate: maximum 1/min. 

Note: Most protectors in common use have low average power capabilities, even though 
their peak power or peak energy handling can deal with high currents. Therefore the maximum 
repetition rate (the time between two surges and the recovery time) depends on the built-in 
protection devices of the EUT. 
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- Inputs and outputs to be tested; 

Note: In the case of several identical circuits representative measurements on a selected 
number of circuits may be sufficient. 

- Representative operating conditions of the EUT; 

- Sequence of application of the surge to the circuits; 

- Phase angle in the case of a.c. power supply; 

- Actual installation conditions, for example: 

AC: neutral earthed 

DC: (+) or (-) earthed to simulate the actual earthing conditions. 

Information on the mode to perform the tests is given in B.2 of annex B. 

If not otherwise specified the surges have to be applied synchronized to the 
voltage phase at the zero-crossing and the peak value of the a.c. voltage wave 
(positive and negative). 

The surges have to be applied line to line and line(s) and earth. When testing 
line to earth the test voltage has to be applied successively between each of the 
lines and earth, if there is no other specification. 

Note: When using the combination wave generator to test two or more lines 
(telecommunication lines) to earth the duration of the test pulse might be reduced. 

The test procedure shall also consider the non-linear current-voltage 
characteristics of the equipment under test. Therefore the test voltage has to be 
increased by steps up to the test level specified in the product standard or test plan. 

All lower levels including the selected test level shall be satisfied. For testing 
the secondary protection, the output voltage of the generator shall be increased up 
to the worst-case voltage breakdown level (let-through level) of the primary 
protection. 

If the actual operating signal sources are not available, they may be simulated. 
Under no circumstances may the test level exceed the product specification. The 
test shall be carried out according to a test plan. 

To find all critical points of the duty cycle of the equipment, a sufficient number 
of positive and negative test pulses shall be applied. For acceptance test a previously 
unstressed equipment shall be used or the protection devices shall be replaced. 

9. Test results and test report 

This clause gives a guide for the evaluation of the test results and for the test 
report, related to this standard. 
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The variety and diversity of equipment and systems to be tested makes the 
task of establishing the effects of surges on equipment and systems difficult. 

The test results shall be classified on the basic of the operating conditions and 
the functional specifications of the equipment under test, as in the following, unless 
different specifications are given by product committees or product specifications: 

a) normal performance within the specification limits; 

b) temporary degradation or loss of function or performance which is self-
recoverable; 

c) temporary degradation or loss of function or performance which requires 
operator intervention or system reset; 

d) degradation or loss of function which is not recoverable due to damage of 
equipment (components) or software, or loss of data. 

Equipment shall not become dangerous or unsafe as a result of the application 
of the tests defined in this standard. 

In the case of acceptance tests, the test programme and the interpretation of 
the test results shall be described in the specific product standard. 

As a general rule, the test result is positive if the equipment shows its 
immunity for all the period of application of the surge, and at the end of the tests 
the EUT fulfils the functional requirements established in the technical 
specification. 

The technical specification may define effects on the EUT that may be 
considered insignificant and therefore acceptable. 

For these conditions it shall be verified that the equipment is able to recover 
its operative capabilities by itself at the end of application of the surges; the time 
interval during which the equipment has lost its full functional capabilities shall be 
therefore recorded. These verifications are binding for the definitive evaluation of 
the test result. 

The test report shall include the test conditions and the test results. 
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U 
Rc 
Cc 
Rs 
Rm 
Lr 

High-voltage source 
Charging resistor  
Energy storage capacitor 
Pulse duration shaping resistor 
Impedance matching resistor 
Rise time shaping inductor 

Figure 1: Simplified circuit diagram of the combination wave generator 

Table 2: Definitions of the waveform parameters 1.2/50 µs 

In accordance with IEC 60-1 In accordance with IEC 469-1 
Definitions Front time 

µs 
Time to 

half value, µs 
Rise time 

(10% - 90%), µs 
Duration time 

(50% - 50%), µs 

Open-circuit voltage 
Short-circuit current 

1.2 
8 

50 
20 

1 
6.4 

50 
16 

Note: In existing IEC publications, the waveforms 1.2/50 µs and 8/20 µs are generally defined 
according to IEC 60-1 as shown in figures 2 and 3. Other IEC recommendations are based on 
waveform definitions according to IEC 469-1 as shown in table 2. 
Both definitions are valid for this section of IEC 1000-4 and describe just one single generator. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Front time: T1 = 1.67 x T = 1.2 µs ± 30% 
Time to half-value: T2 = 50 µs ± 20% 

Figure 2: Waveform of open-circuit voltage (1.2/50 µs)  
(waveform definition according to IEC 60-1) 
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Front time: T1 = 1.25 x T = 8 µs ± 20% 
Time to half-value: T2 = 20 µs ± 20% 

Figure 3: Waveform of short-circuit current (8/20 µs)  
(waveform definition according to IEC 60-1) 

 

 
 
 
 
 
 
 
 
 
 

U 
Rc 
Cc 
Rs 
Rm 

Cs  
S1 

High-voltage source 
Charging resistor 
Energy storage capacitor (20 µF) 
Pulse duration shaping resistor (50 Ω) 
Impedance matching resistors (Rm1 =  15 Ω; Rm1 =  25 Ω) 
Rise time shaping capacitor (0.2 µF) 
Switch load when using external matching resistors 

  

Figure 4: Simplified circuit diagram of the 10/700 µs impulse generator. 
(according to ITU-T, figure 1/K.17) 
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Table 3: Definitions of the waveform parameters 10/700 µs 

In accordance with ITU-T In accordance with 
IEC 469-1 

Definitions 
Front time 

µs 
Time to 

half value, µs 
Rise time 

(10% - 90%), µs 
Duration time 

(50% - 50%), µs 

Open-circuit voltage 
Short-circuit current 

10 
- 

700 
- 

6.5 
4 

700 
300 

Note: In existing IEC and ITU-T publications, the waveform 10/700 µs are generally defined according 
to IEC 60-1 as shown in figure 5. Other IEC recommendations are based on waveform 
definitions according to IEC 469-1 as shown in table 3. 
Both definitions are valid for this section of IEC 1000-4 and describe just one single generator. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Front time: T1 = 1.67 x T = 10 µs ± 30% 
Time to half-value: T2 = 700 µs ± 20% 
 

Figure 5: Waveform of open-circuit voltage (10/700 µs) 
(waveform definition according ITU-T) 
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Figure 6: Example of test set-up for capacitive coupling on AC/DC lines;  
line-to-line coupling (according to 7.2) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Example of test set-up for capacitive coupling on AC/DC lines;  
line-to-earth coupling (according to 7.2) 
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Figure 8: Example of test set-up for capacitive coupling on AC lines (3 phases); 
line L3 to line L1 coupling (according to 7.2) 
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1) Switch S1 
- line to earth: position 0 
2) Switch S2 
- during test positions 1 to 4 

 

Figure 9: Example of test set-up for capacitive coupling on AC lines (3 phases); 
line L3 to earth coupling (according to 7.2); generator output earthed 
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1) Switch S1 
- line to earth: position 0 
- line to line: positions 1 to 4 
2) Switch S2 
- during test positions 1 to 4, but not in the same position with switch S1 
3) L = 20 mH, RL represents the resistive part of L 
 

Figure 10: Example of test set-up for unshielded interconnection on AC lines;  
line-to-line/line-to-earth coupling (according to 7.3), coupling via capacitors 
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1) Switch S1 
- line to earth: position 0 
- line to line: positions 1 to 4 
2) Switch S2 
- during test positions 1 to 4, but not in the same position with switch S1 
3) L = 20 mH, RL represents the resistive part of L 

 

Figure 11: Example of test set-up for unshielded unsymmetrically operated lines; 
ine-to-line/line-to-earth coupling (according to 7.3), coupling via arrestors 
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a) Switch S1 
- line to earth: position 0 
- line to line: positions 1 to 4 (1 line in turn earthed) 
b) Calculation of Rm2 when using CWG (1.2/50 µs generator) 
Example for n = 4: 
Rm2 = 4 x 40 Ω = 160 Ω, max. 250 Ω 
Calculation of Rm2 when using 10/700 µs generator 
The internal matching resistor Rm2 (25 Ω) is replaced by external Rm2 = n x 25 Ω per 
conductor (for n conductors with n equal or greater than 2) 
Example for n = 4: 
Rm2 = 4 x 25 Ω = 100 Ω, Rm2 shall not exceed 250 Ω 
c) C = 0.1 µF for frequencies of the transmission signal below 5 kHz; 
at higher frequencies no capacitors are used 
d) L = 20 mH, RL: value depending on negligible attenuation of the transmission signal 
 

Figure 12: Example of test set-up for unshielded symmetrically operated lines 
telecommunication lines); line-to-line/line-to-earth coupling (according to 7.4), 

coupling via arrestors 
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Figure 13: Example of test set-up for tests applied to shielded lines  
(according to 7.5) and to apply potential differences  

(according to 7.6), conductive coupling 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Example of test set-up for tests applied to unshielded lines  
and shielded lines earthed only at one end (according to 7.5)  

and to apply potential differences (according to 7.6), conductive coupling 
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Annex A 
(Normative) 

Selection of generators and test levels 
 

The selection of the test levels shall be based on the installation conditions. 
For this purpose table A.1 should be used, together with information and examples 
given in B.3 of annex B where: 

Class 0: Well-protected electrical environment, often within a special room 

Class 1: Partly protected electrical environment. 

Class 2: Electrical environment where the cables are well separated, even at 
short runs 

Class 3: Electrical environment where the cables run in parallel. 

Class 4: Electrical environment where the interconnections are running as 
outdoor cables along with power cables, and cables are used for both electronic 
and electric circuits. 

Class 5: Electrical environment electronic equipment connected to 
telecommunication cables and overhead power lines in a non-densely populated area. 

Class x: Special conditions specified in the product specification. 

Additional information is given in figures B.1 to B.3 of annex B. 

To demonstrate the system level immunity, additional measures relevant to 
the actual installation conditions, e.g. primary protection, should be taken. 

The surges (and test generator) related to the different classes are as in the 
following: 

Classes 1 to 4: 1.2/50 µs (8/20 µs) 

Class 5:  1.2/50 µs (8/20 µs) for ports of power lines and short-distance 
signal circuits/lines. 

  10/700 µs for ports of long-distance signal circuits/lines. 

The source impedances shall be as indicated in the figures of the test set-ups 
concerned. 
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Table A.1: Selection of the test levels (depending on the installation conditions) 

Test levels 

Power supply 
 
 

Coupling mode 

Unbalanced 
operated 

circuits/lines, LDB 
Coupling mode 

Balanced 
operated 

circuits/lines 
Coupling mode 

SDB.DB1) 
 
 

Coupling mode 

Installation 
class 

Line 
to line 

kV 

Line 
to earth 

kV 

Line 
to line 

kV 

Line 
to earth 

kV 

Line 
to line 

kV 

Line 
to earth 

kV 

Line 
to line 

kV 

Line 
to earth 

kV 

0 
1 
2 
3 
4 
5 
x 

NA 
NA 
0.5 
1.0 
2.0 

2) 

NA 
0.5 
1.0 
2.0 
4.03) 

2) 

NA 
NA 
0.5 
1.0 
2.0 
2.0 

NA 
0.5 
1.0 
2.03) 
4.03) 
4.03) 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
0.5 
1.0 
2.03) 
2.03) 
4.03) 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
0.5 
NA 
NA 
NA 

1) Limited distance, special configuration, special layout, 10 m to max. 30 m: no test is advised at 
interconnection cables up to 10 m, only class 2 is applicable. 
2) Depends on the class of the local power supply system. 
3) Normally tested with primary protection 

Explanation: 
 DB = data bus (data line) 
 SDB = short-distance bus 
 LDB = long-distance bus 
 NA = not applicable 
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Annex B 
(Informative) 

Explanatory notes 

B.1 Different source impedances 

The selection of the source impedance of the generator depends on: 

- The kind of cable/conductor/line (AC power supply, DC power supply, 
interconnection, etc.); 

- The length of the cables/lines; 

- Indoor/outdoor conditions; 

- Application of the test voltage (line to line or lines to earth) 

The impedance of 2 Ω represents the source impedance of the low-voltage 
power supply network. The generator with its effective output impedance of  

2 Ω is used. 

The impedance of 12 Ω (10 Ω + 2 Ω) represents the source impedance of the 
low-voltage power supply network and earth. 

The generator with an additional resistor of 10 Ω in series is used. 

The impedance of 42 Ω (40 Ω + 2 Ω) represents the source impedance 
between all other lines and earth. 

The generator with an additional resistor of 40 Ω in series is used. 

In some countries (for instance, USA) standards for AC lines require the tests 

according to figures 7 and 9 with a 2 Ω impedance; this is a more severe test. The 

general requirement is 10 Ω. 

B.2 Application of the tests 

Two different kinds of tests are to be distinguished: at equipment level and at 
system level. 

B.2.1 Equipment level immunity 

The test shall be carried out in the laboratory on a single EUT. The immunity 
of the EUT thus tested is referred to equipment level immunity. 
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The test voltage shall not exceed the specified capability of the insulation to 
withstand high-voltage stress. 

B.2.2 System level immunity 

The test carried out in the laboratory refers to the EUT. The equipment level 
immunity does not assure the immunity of a system in all cases. For that reason a 
test on system level is advised which simulates the real installation. The simulated 
installation comprises protective devices (arrestors, varistors, shielded lines, etc.) 
and the real length and type of the interconnection lines. 

This test is aimed at simulating as closely as possible the installation 
conditions in which the EUT or EUT's are intended to function later on. 

In the case of the immunity under real installation conditions, higher voltage 
levels can be applied, but the energy involved will be limited by the protective 
devices according to their current-limiting characteristics. 

The test is also intended to show that secondary effects produced by the 
protective devices (change of waveform, mode, amplitude of voltages or currents) 
do not cause unacceptable effects on the EUT. 

B.3 Installation classification 

Class 0: Well-protected electrical environment, often within a special room 

All incoming cables are provided with overvoltage (primary and secondary) 
protection. The units of the electronic equipment are interconnected by a well-
designed earthing system, which is not essentially influenced by the power 
installation or lightning. 

The electronic equipment has a dedicated power supply (see table A.1) 

Surge voltage may not exceed 25 V. 

Class 1: Partly protected electrical environment 

All incoming cables to the room are provided with overvoltage (primary) 
protection. The units of the equipment are well interconnected by an earth-line 
network, which is not essentially influenced by the power installation or lightning. 

The electronic equipment has its power supply completely separated from the 
other equipment. 

Switching operations can generate interference voltages within the room. 

Surge voltage may not exceed 500 V. 
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Class 2: Electrical environment where the cables are well separated, even at 
short runs 

The installation is earthed via a separate earth line to the earthing system of 
the power installation which can be essentially subjected to interference voltages 
generated by the installation itself or by lightning. The power supply to the 
electronic equipment is separated from other circuits, mostly by a special 
transformer for the power supply. 

Non-protected circuits are in the installation, but well separated and in 
restricted numbers. 

Surge voltage may not exceed 1 kV. 

Class 3: Electrical environment where power and signal cables run in parallel 

The installation is earthed to the common earthing system of the power 
installation which can be essentially subjected to interference voltages generated by 
the installation itself or by lightning. 

Current due to earth faults, switching operations and lightning in the power 
installation may generate interference voltages with relatively high amplitudes in 
the earthing system. Protected electronic equipment and less sensitive electric 
equipment are connected to the same power supply network. The interconnection 
cables can be partly outdoor cables, but close to the earthing network. 

Unsuppressed inductive loads are in the installation and usually there is no 
separation of the different field cables. 

Surge voltage may not exceed 2 kV. 

Class 4: Electrical environment where the interconnections are running as outdoor 
cables along with power cables, and cables are used for both electronic and 
electric circuits. 

The installation is connected to the earthing system of the power installation 
which can be subjected to interference voltages generated by the installation itself 
or by lightning. 

Current in the kA range due to earth faults, switching operations and lightning 
in the power supply installation may generate interference voltages with relatively 
high amplitudes in the earthing system. The power supply network can be the same 
for both the electronic and the electric equipment. The interconnection cables are 
running as outdoor cables even to the high-voltage equipment 

A special case of this environment is when the electronic equipment is 
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connected to the telecommunication network within a densely populated area. 
There is no systematically constructed earthing network outside the electronic 
equipment, and the earthing system consists of pipes, cables etc. only. 

Surge voltage may not exceed 4 kV. 

Class 5: Electrical environment electronic equipment connected to 
telecommunication cables and overhead power lines in a non-densely populated area. 

All these cables and lines are provided with overvoltage (primary) protection. 
Outside the electronic equipment there is no widespread earthing system (exposed 
plant). The interference voltages due to earth faults (currents up to 10 kA) and 
lightning (currents up to 100 kA) can be extremely high. 

The requirements of this class are covered by the test level 4 (see annex A). 

Class x: Special conditions specified in the product specifications. 

Examples for the installation of electronic equipment in different areas are 
given in figures B.1, B.2 and B.3. 

B.3.1 Equipment level immunity of ports connected to the power supply network 

The minimum immunity level for connection to the public supply network is: 

Line-to-line coupling:  0.5 kV (test set-up see figures 6 and 8) 

Line-to-earth coupling:  1 kV (test set-up see figures 7 and 9) 

B.3.2 Equipment level immunity of ports connected to interconnection lines 

Surge tests on interconnection circuits are only required for external 
connections (outside of the cabinet/housing). 

If it is possible to test at the system level (EUT with interconnection cables 
connected) it is not necessary to test at the equipment level (e.g. ports of the 
process-control/signal inputs/outputs) especially in cases where the shield of the 
interconnection cable is part of the protection measure. If the installation of the 
plant is carried out by someone other than the manufacturers of the equipment, the 
admissible voltage for the inputs/outputs (especially for the process interface) of 
the EUT should be specified. 

The manufacturer should test his equipment on the basic of the specified test 
levels to confirm the equipment level immunity, e.g. with secondary protection at 
the ports of the EUT for a level of 0,5 kV. The user of the plant or those responsible 
for the installation should then apply measures (e.g. shielding, bonding, earthing 
protection) necessary to ensure that the interference voltage caused by, for 
example, lightning strokes does not exceed the chosen immunity level. 
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Figure B.1: Example for surge protection by shielding in buildings  
with common earth reference system 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure B.2: Example for secondary surge protection by shielding in buildings  
with separate common earth reference systems 
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Figure B.3: Example for primary and secondary surge protection  
of indoor-outdoor equipment 
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