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LOI NOI PAU

Tiéu chudn Nganh TCN 68 - 209: 2002 “Tuong thich dién tux (EMC) - Mién
nhiém doi véi xung - Phuong phap do va thir” duoc xay dung trén co s& chap thuan dp
dung nguyén ven cdc yéu céu trong tieu chuan IEC 1000-4-5:1995 “Tuong thich dién tir
(EMC) - Phan 4: Cac k¥ thuat do va thir - Chuong 5: Phép thit mién nhiém d6i véi cac xung”.

Tiéu chuan Nganh TCN 68 - 209: 2002 do Vién Khoa hoc K§ thuat Buu dién (RIPT)
bién soan theo dé nghi ciia Vu Khoa hoc - Cong nghé va dugc Bo Buu chinh, Vién thong
ban hanh theo Quyét dinh s6 28/2002/QD-BBCVT ngay 18/12/2002.

Tiéu chudn Nganh TCN 68 - 209: 2002 duoc ban hanh du6i dang song ngit (ti€ng
Viét va ti€ng Anh). Trong trudng hop c6 tranh chip vé céch hiéu do bién dich, ban tiéng
Viét dugc 4p dung.

VU KHOA HOC - CONG NGHE
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TUONG THICH PIEN TU (EMC)
MIEN NHIEM POI VOI XUNG

PHUONG PHAP PO VA THU

(Ban hanh kém theo Quyét dinh s6 28/2002/QD-BBCVT ngay 18/12/2002
cua Bo truong Bo Buu chinh, Vién thong)

1. Pham vi

Tiéu chudn ndy quy dinh cdc yéu ciu vé kha nang mién nhiém, cdc phuong
phap thtr, mic thir khuyén nghi cho thiét bi doi v6i cac xung don cuc do hién tuong
qué ap tao ra khi dong ngat mach hodc do sét ddnh. Cac miic thir khdc nhau ap
dung d6i v6i moi trudng va cdc diéu kién ldp dat khac nhau. Cic yéu cdu nay ap
dung cho thiét bi dién va dién tu.

Muc dich ctia tiéu chuén nay la thiét 1ap mot chuan chung dé ddnh gid chat
lugng hoat dong cua thiét bi khi thié€t bi chiu tic dong clia cdc ngudn nhiéu nang
lugng 16n tir duong day nguon va cac duong day lién két.

Tiéu chudn nay quy dinh:

- Cac mic thtr,

- Thiét bi thur;

- C4u hinh thir;

- Tha tuc thir.

Nhiém vu ctia phép thir trong phong thir 1a xac dinh phan tng cua EUT d6i véi
nhitng xung dién 4p do anh hudng cta hoat dong dong ngat mach va sét & cac miic
de doa nhat dinh, trong cac di€u kién hoat dong xéc dinh.

Tiéu chudn nay khong dé cap dén viéc thir kha nang chiu dung dién 4p cao clia
16p cach dién cling nhu cac anh huéng do sét danh truc tiép.

Tiéu chuin nay khong quy dinh céc phép thlr 4p dung cho thiét bi hodc hé
thong cu thé. Muc dich chinh ctia tiéu chudn 1a dua ra mot chudn chung cho céc co
quan quan 1y chat luong san pham. Cdc co quan quan ly chat luong san pham (hoic
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nguoi sit dung va nha san xut thié€t bi) ¢6 nhiém vu lua chon cac phép thlr va mic
do khic nghiét thich hop dé dp dung d6i v6i san pham ctia minh.

Chui y: Tiéu chudn nay duogc dp dung cho cdc thiét bi vién thong.

2. Tai liéu tham chiéu chuan
[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. Tong quan

3.1 ot bién do dong ngat

Hién twong dot bien do dong ngit hé thong c6 thé chia thanh cdc dot bién lien
quan toi:

a) Nhiéu sinh ra do déng ngat hé thong ngudn chinh, vi du déng ngit bang tu.

b) Hoat dong dong ngit phu & gin thiét bi hodc do su thay déi tai trong hé
thong phan phoi nguon.

¢) Hién tuong cong hudng trong cidc mach ¢ cic linh kién déng ngat nhu
thyristor.

d) Cac hu hong cta hé thong nhu hién tuong chap mach, hién tugng phong tia
Itra dién tGi hé thong ti€p dat cta cong trinh.

3.2 Dot bién do sét

Sét tao ra cac xung dién ap theo nhiing co ché chu yéu sau:

a) Sét danh truc tiép vao mach ngoai (mach & ngoai nha tram) phong dong
dién 16n qua dién trg dat hoac tr&d khang mach ngoai tao ra cac dién ap;

b) Sét danh gian ti€p (sét danh giita hoac trong cac dam may hay danh gan cac
vat thé tao ra cdc trudng dién tlr) sinh ra dién dp/dong dién cam ung trén cdc day
dan & bén ngoai hoac bén trong toa nha;

¢) Sét danh truc ti€p xudng dat gan cong trinh, sinh ra dong dién trong hé
thong ti€p dat ctia cong trinh do;

6
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Su thay d6i nhanh clia dién dp va dong dién xdy ra khi thiét bi bao vé dugc
kich hoat c6 thé ghép vao cdc mach bén trong.

3.3 M6 phong hién tuong dot bién

a) Bo tao tin hiéu thir: cdc dic tinh ctia bo tao tin hiéu thir phai sao cho c6 thé
mo phong dugc cac hién tuong néu trén mot cach sat thuc nhat.

b) Néu nguodn nhiéu & trong cing mot mach, thi du trong mach cung cap
nguodn (ghép truc ti€p) thi bo tao tin hiéu thir c6 thé mo phong mot nguodn trd khang
thap tai cdc cong cua EUT.

¢) Néu nguon nhiéu khong & trong cing mot mach (ghép gian ti€p) nhu cac
cong cua thi€t bi chiu nhiéu thi bo tao tin hiéu thir c6 thé moé phong mot ngudn tro
khang cao hon.

4. Cac dinh nghia

4.1 Cdc duong ddy can bang

Pudng day can bang 1a doi day dan doi xiing c6 suy hao chuyén déi tir ch€ do
chénh léch (day - day) sang ché€ do chung (day - dit) nho hon 20 dB.
4.2 Mach ghép

Mach ghép 12 mach dién dung dé chuyén niang luong tir mot mach nay dén
mot mach khac.
4.3 Mach tach

Mach téch 1a mach dién ding dé ngan khong cho cdc xung dua vao EUT lam
anh hudng dén cac dung cu, thiét bi hay hé thong khac khong dugc thir.
4.4 D6 rong xung

Do rong xung 1a tri so tuyét doi cua khoang thoi gian ma dang séng hay dac
trung cta séng con ton tai hay tiép dién. [IEC 469-1]
4.5 Do rong suon trudc

Xung dién dp: do rong suon truée T, cia mot xung dién ap la tham s6 duoc
xdc dinh bang 1,67 1an khoang thoi gian T gifta hai thoi diém khi xung dat 30% va
90% gia tri dinh (xem hinh 2).

Xung dong dién: d6 rong suon truée T, cua mot xung dong dién la tham so
dugc xdc dinh bing 1,25 14n khoang thoi gian T giita hai thoi diém khi xung dat
10% va 90% gia tri dinh (xem hinh 3). [IEC 60-1 stra d6i]
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4.6 Mién nhiéem

Mién nhiém la kha nang hoat dong ctia mot dung cu, thiét bi hay mot hé thong
ma khong bi suy giam chét lugng khi ¢6 nhiéu dién tir. [IEV 161-01-20]
4.7 Hé thong trang thiét bi dién

Hé thong trang thiét bi dién 12 mot t6 hop cdc thiét bi dién thuc hién mot hay
nhiéu muc dich cu thé, ¢ cdc dic tinh lién quan vé6i nhau. [IEV 826-01-01]
4.8 Cdc day lién két

Céc day lién két bao gom:

- Cac day I/O (vao/ra);

- C4c day thong tin;

- C4c day can bang.
4.9 Bdo vé so cdp

Bao vé so cép 1a bién phdp dé ngan khong cho phan 16n nang luong gay nguy
hiém truyén qua mot giao dién da dugc chi dinh.
4.10 Thoi gian tang

Thoi gian ting ciia xung 1a khoang thoi gian giita céc thoi diém ma tai d6 1an
dau tién xung dat gia tri thap quy dinh va sau do6 1a gia tri cao quy dinh.

Chii y: Néu khong cé quy dinh khdc, cdc gid tri nay la 10% va 90% cua bién do xung. [IEV
161-02-05]
4.11 Bdo vé thir cdp

Bao vé tht cdp la bién phap triét tiéu phan nang lugng du sau phan bao vé so
cap. N6 c6 thé 1a mot thiét bi dic biét hodc mot dic tinh von ¢6 ciia EUT.
4.12. Xung

Xung 1a séng dot bién dién ap, dong dién hoic cong suét, lan truyén doc theo
duong day hoac mach dién. Xung duoc dac trung bdi su tang rat nhanh sau do la
giam cham. [IEV 161-08-11 stra d6i]
4.13 Hé thong

Heé thong 12 mot tap hop cac phan tir ¢ quan hé véi nhau duoc thiét 1ap dé dat
dugc mot muc dich cho trude bang cach thuc hién mot chitc niang cu thé.

Chii y: Hé thong duoc xem la cdch ly véi moi truong va cdc hé thong ngoai khdc bdi mot mdt

phdng gid dinh, mdt phdng nay ngdn cdch lién két gifta chiing va hé thong dang xét. Qua cdc lién
két nay, hé thong bi dnh hudng boi moi truong bén ngodi va cdc hé thong khdc,; hodc nguoc lai.
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4.14 Thoi gian dé bién dé xung giam di mot nita (T,)

Thoi gian dé bién do xung giam di mot nira 1a tham s6 dugc xdc dinh béing
khoéang thoi gian gifta thoi diém goc O, va thoi di€ém khi bién do xung giam xuéng
con mot nira gia tri dinh (xem hinh 2, 3). [IEV 60-01 stra doi]

4.15 Pot bién

Dot bién chi hién tuong hodc dai lugng bién doi gilta hai trang thdi 6n dinh
lien tiép trong khoang thoi gian rat ngin so v6i khéang thoi gian quan sét. [IEV
161-02-01]

5. Cac mic tha

Dai cdc mic thlr dé xuat duogc cho trong bang 1.

Bdng 1 - Cdc miic thu

Murc Dién ap thir hd mach, +10%, kV

1 0,5

2 1,0

3 2,0

4 4,0

X dac bigt
Cha y: x la mure d€ md, murc nay cé thé duoc quy dinh trong chi
tiéu ky thuéat sén phdm

Céc miic thir phai dugc lua chon theo cédc diéu kién lap dat. Viéc phan loai
diéu kién 1ap dat duge trinh bay trong muc B.3 phu luc B.

Thiét bi duogc thlr phai dam bao thoa man doi véi tit ca cac muc dién ap thap
hon muc thir duoc chon (xem muc 8.2).

Dé lua chon cdc mic thir doi vdi cdc giao dién khac nhau, xem thém phu luc A.

6. Thiét bi thir

6.1 Bo tao song két hop (1,2/50 us - 8/20 us)

So d6 mach ctia bo tao séng duoc trinh bay trong hinh 1. Gid tri cac thanh
phan R, R,, R, L va C_ dugc lua chon sao cho bd tao song tao ra dugc xung dién
ap 1,2/50 ps (& cac diéu kién hd mach) va xung dong dién 8/20 ps (6 di€u kién
ngan mach), nghia 12 bo tao séng c¢6 trd khang diu ra hiéu dung 2 Q.

Thong thuong, tré khang dau ra hiéu dung clia bo tao song duoc xac dinh
bang céch tinh ty so gifta dién 4p ddu ra hd mach (gia tri dinh) va dong dién ngan
mach (gia tri dinh).
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Bo tao s6ng dién dp hd mach 1,2/50 pus va dong dién ngan mach 8/20 us nay
duoc goi 1a bo tao séng két hop (CWG) hay bo tao séng hén hop.

Chu y:

1- Dang séng dién dp va dong dién la mot ham cua trd khdang dau vao EUT. Khi dua xung
vao thiét bi, tré khdang nay cé thé thay doi do hiéu qud hoat dong cua thiét bi bdo vé hodc do su
phdng dién hodc ddanh hong cdc linh kién khi thiét bi bdo vé khong hoat dong hodc khong cé thiét
bi bdo vé. Vi vdy, cd séng dién dp 1,2/50 us va séng dong dién 8/20 us phdi san sang ¢ ddu ra
cua bo tao séng thir, ngay khi co tdi.

2 - Bo tao séng két hop mé td trong tiéu chudn nay ciing giong nhu bé tao séng hén hop
quy dinh trong mot so tiéu chudn khdc.

6.1.1 Cdc ddc tinh va chi tiéu ky thudt ciia bo tao song két hop

bién ap dau ra hd mach:

Dai dién 4p:
Tri so thap nhat t6i thiéu 0,5 kV
Tri s6 cao nhat toi thiéu 4,0kV

Dang song dién ap xung
Dung sai dién ap dau ra hd mach
Dong dién ddu ra ngan mach:
Dong dién:
Tri s6 thap nhat t6i thi€u
Tri s6 cao nhat t6i thiéu

Dang s6ng dong dién xung

Dung sai dong dién ddu ra ngdn mach

Cuc tinh

Dich pha so v6i géc pha cta duong day AC

Toc do lap lai

xem hinh 2, bang 2
+ 10%

0,25 kA

2,0 kA

xem hinh 3, bang 2
+10%

duong/am

0 + 360"

it nhat 1 lan/phut

B0 tao séng phai c6 tin hiéu ra & ché do "tha ndi" (floating).

Phéi c6 cdc dién tré phu (10 Q va 40 Q) dé lam tiang tré khidng ngudn hiéu

dung doi v6i céc diéu kién thir cu thé (xem muc 7, B.1 phu luc B).

ngan mach dugc két hop vao mach tach/ghép nén khong con 1a dang séng 1,2/50 us

Trong truong hgp nay, dang séng dién dp hd mach va dang séng dong dién

va 8/20 us nita (s6ng két hop).

10
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6.1.2 Kiém tra cdc ddc tinh ciia bo tao séng

Dé so sdnh két qua thir clia cac bo tao séng thir khac nhau, phai kiém tra dic
tinh cua bd tao song thir. Do d6, phai thuc hién do cac dac tinh cht yéu clia bo tao
song theo trinh tu sau.

Pau ra bo tao song thur phai duoc noi t6i hé thong do ¢6 do rong bang tan va
thang dién ap du 16n dé kiém tra cdc dic tinh cta dang séng.

Céc dic tinh cta bo tao séng phai dugc do & cic diéu kién hd mach (tai 16n
hon hoac bang 10 kQ) va & cdc diéu kién ngin mach (tai nho hon hodc bang 0,1 Q)
véi cung mot muc dién ap nap.

Chii y: Dong dién ngan mach t61 thiéu la 0,25 kA doi véi dién ap hd mach 0,5 kV va t6i
thiéu la 2,0 kA doi voi dién dp ho mach la 4,0 kV.
6.2 Bo tao song thu 10/700us theo CCITT

So d6 mach ctia bo tao séng dugc cho trong hinh 4. Tri s6 cta cac thanh phan
R, C.,R,R
10/700 ps.

R,, va C, dugc lua chon sao cho b0 tao song tao ra dugc dang xung

ml»

6.2.1 Cac ddc tinh va chi tiéu ky thudt cua bo tao song

bién ap dau ra hd mach:

Dai dién 4p:

Tri s6 thap nhat t6i thi€u 0,5kV

Tri s6 cao nhat toi thiéu 4,0kV
Dang s6ng xung dién 4p xem hinh 5 (IEC 60-1), bang 3
Dung sai dién ap dau ra hd mach +10%

Dong dién ddu ra ngan mach:

Dong dién:
Tri s6 thap nhat t6i thi€u 12,5 A
Tri s6 cao nhat t6i thiéu 100 A
Dang s6ng xung dong dién xem bang 3
Dung sai dong dién dau ra ngan mach + 10%
Cuyc tinh duong/am
Toc do lap lai it nhat 1 lan/phut

B0 tao séng phai c6 tin hiéu ra & ché do "tha néi" (floating).

11
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6.2.2 Kiém tra cdc ddc tinh ciia bo tao séng

Ciac diéu kién ki€ém tra doi v6i bo tao séng 10/700 ps giong nhu 6.1.2 vé6i chi
y sau day.

Chii y: Dong dién ngdn mach t6i thiéu la 12,5 A doi véi dién dp hd mach 0,5 kV va t6i
thiéu la 100 A doi voi dién dp ho mach la 4,0 kV.

6.3 Cdc mach tach/ghép

Cac mach tach/ghép khong duoc anh hudng ddng ké dén cdc tham s6 bo tao
séng, vi du dién 4p hd mach, dong dién ngan mach vin ndm trong khoang dung
sai quy dinh.

Ngoai lé: ghép qua bo triét xung.

Cac mach tach/ghép phai thoa man cac yéu cau sau day:

6.3.1. Mach tdach/ghép ding cho cdc mach cung cdp nguéon AC/DC (chi sit dung voi
bo tao song két hop)

Phai kiém tra do rong sudn trudc va thoi gian dé bién do xung giam xudng
mot nira doi v6i dién dp & cdc di€u kién hd mach va dong dién & cdc diéu kién
ngan mach.

Pau ra ctia bo tao tin hiéu thir hoac mach ghép ctia né phai dugc noi téi hé
thong do c¢6 do rong bang tan va thang dién 4p du 16n dé kiém tra dang song dién
ap hd mach.

Dang séng dong dién ngan mach c6 thé dugc do bing mot bo bién dong c6
dudng no6i ngidn mach gitra cdc diu ra chia mach ghép.

Tét ca cac dang song cling nhu cac tham s6 hoat dong khac ctia bo tao song
phai ding nhu quy dinh trong muc 6.1.1 (& dau ra cta bo tao séng ciing nhu dau ra
ctia mach tach/ghép).

Chii y: Khi trd khdng bo tao séng tang tir 2 Q 1én 12 Q hodc 42 Q theo yéu cdu cdu hinh
thir thi do rong xung thit & ddau ra mach ghép cé thé thay doi dang ké.
6.3.1.1 Phuong phap ghép dién dung ding cho cidc mach cung cap nguon

Phuong phéap ghép dién dung cho phép dua dién ap thu vao thiét bi dugc thir
theo kiéu day-day hoac day-dat khi mach tiach hé thong ngudn ciing duoc néi. So
d6 mach hé thong nguon mot pha duoc cho trong hinh 6, 7. So d6 mach véGi hé
thong nguon 3 pha dugc cho trong hinh 8, 9.

Céc dac tinh chu yéu cua mach tach/ghép bao gom:

Ghép:

Cac tu ghép: C =9 pF hoac 18 pF (xem cau hinh thir)
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Tach:

Dién cam tach doi véi dién ap nguon: L = 1,5 mH

Dién 4p xung du trén cac duong day chua ghép xung khi da ngiat EUT khong
duge vuot qua 15% dién ap thir 16n nhat.

Khi ngit EUT khoi mang cung cap nguon, dién dp xung du trén cdc dau vao
nguon dién ctia mach tach khong duoc vuot qua 15% dién ap thir hoac hai lan gia
tri dinh cua dién ap pha hé thong nguoén (chon gia tri 16n hon).

Céc dac tinh noi trén doi v6i hé thong nguodn 1 pha (pha, trung tinh, dit bao
vé) cling ding do6i véi hé thong nguodn 3 pha (cdc day pha, trung tinh va dét bao veé).
6.3.1.2 Phuong phap ghép dién cam dung cho cac mach cung cap ngudn

Dang xem xét.

6.3.2 Mach tach/ghép diung cho cdc duong ddy lién két

Phuong phdp ghép duoc lua chon tuy theo chiic niang ctia mach va cic diéu
kién hoat dong. Diéu nay phai duoc quy dinh trong tai liéu k§ thuat san pham.

Céc phuong phap ghép bao gom:

- Phuong phéap ghép dién dung;

- Phuong phéap ghép qua bo triét xung.

Viéc stt dung céc cau hinh thir khdc nhau dé€ thir mot cong ctia EUT c6 thé
khong cho cac két qua tuong duong. Ciu hinh thich hop nhét phai duge quy dinh
trong cac tai liéu k§ thuat san phadm hoic céc tiéu chuén san pham.

Chii y: R, trong cdc hinh tir 10 dén 12 la dién trd cua cuén cam L c6 gid tri phu thudc vao
su suy hao tin hiéu truyén dan.
6.3.2.1 Phuong phap ghép dién dung doi véi cac duong day lién két

Khi khong ¢6 anh hudng dén viéc lién lac trén day, phuong phap ghép dién
dung 1a phuong phdp rat thich hop déi véi cdc mach I/O c6 day khong can bing,
khong ¢6 16p che chan. Viéc thir dugc thuc hién theo hinh 10 d6i véi phuong phap
ghép kiéu day-day va phuong phap ghép ki€u day-dat.

Cac dac tinh chu yéu ctia mach tach/ghép dién dung:

- Tu ghép: C=0,5 uF

- Cudn cam tach (khong bu dong): L =20 mH

Chii y: Cdn xem xét ddc tinh dong tin hiéu, ddc tinh nay phu thudc vao mach duoc thir.
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6.3.2.2 Phuong phap ghép qua bo triét xung

Phuong phap ghép qua bo triét xung 1a phuong phap ghép thich hop doéi véi
cdc mach c6 day can bang, khong c¢6 16p che chan (thong tin, vién thong) nhu
trong hinh 12.

Phuong phdp nay ciing ¢6 thé dugc dung trong trudng hop khong thé thuc
hién ghép dién dung do cdc van dé chiic ning gay ra khi noi cédc tu v6i EUT (xem
hinh 11).

Mach ghép con ¢6 nhiém vu diéu ti€t su phan phoi dong xung trong trudng
hop céc dién dp cam dng vao cdp nhiéu soi.

Vi vay, cac dién tr6 R, trong mach ghép c6 n day ghép phai 1a n x 25 Q
(v6in > 2).

Vidu:n=4,R_, =4 x25Q. Véi tr6 khdng tong clia bd tao séng khoang
40 Q, R, khong dugce vuot qua 250 Q.

Viéc ghép qua bo triét xung c6 khi c6 thé duoc cai thién bang viéc st dung
cédc tu dién mac song song véi cdc bo triét xung.

Vi du: C <0,1 uF déi véi céc tan s6 cla tin hiéu truyén dan trén day nho hon
5 kHz. O céc tan s6 cao hon, khong dung tu dién.

Céc dac tinh chu yéu cia mach ghép/tach:

- Dién tré ghép, R, nx25Qm=>=2)

- B0 triét xung c6 khi 90 V

- Cuon cam tach, L (16i tron, ¢6 bu dong) 20 mH

Chii y:

- Trong mot s6 truong hop, vi cdc ly do chiic ndng cé thé phdi st dung cdc bo triét xung cé
dién ap hoat déng cao hon.

- C6 thé sur dung cdc phan tit khdc ngoai cdc bo triét xung néu cdc phdn tir dé khong lam
danh hudng dén cdc diéu kién hoat dong.

6.3.3 Cac phuong phap ghép khac
Cac phuong phap ghép khiac dang dugc xem xét.

7. Cau hinh thu
7.1 Thiét bi thit

CAu hinh thir bao gdm cdc thiét bi chu yéu sau:
- Thiét bi dugc thu (EUT);

14
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- Thiét bi phu tro (AE);

- Cap (chung loai va chiéu dai theo quy dinh);

- Thiét bi ghép (ghép dién dung hoac ghép qua cac bo triét xung);
- B0 tao séng (bo tao song két hgp, bo tao song 10/700 ps);

- Mach tach/cac thiét bi bao vé;

- Céc dién trd phu, 10 Q va 40 Q (xem B.1 phu luc B).

7.2 Cdu hinh thu doi véi nguon cung cdp cua EUT

Xung dugc dua vao cdc cuc nguon cua EUT qua mach ghép dién dung (xem
hinh 6, 7, 8 va 9). Phai sir dung cac mach tach dé khong 1am anh hudng dén cac
thi€t bi khong duoc thir ¢6 chung day ngudn va dé c6 trd khing tich d6i véi song
xung du 16n dé séng xung theo quy dinh c6 thé di vao cac day can thir.

Néu khong c6 quy dinh khac, day néi gitta EUT va mach tach/ghép phai nho
hon hoac bang 2 m.

Dé mo phong céc trd khiang ghép dic trung, trong mot so trudng hop phai st
dung cac dién tré phu (xem B.1 phu luc B).

Chii y: Tai mot s6 nudc (vi du, M3), yéu cdu phép thit doi voi duong ddy dién AC phdi thuc
hién theo hinh 7 va 9 vdi tro khdang 2 Q, mdc di phép thit nay khdc nghiét hon. Thong thuong,
yéu cdau nay la 10 Q.

7.3 Cdu hinh thu doi véi cdc duong noi khong doi xiing, khong co che chan

Thong thudng, xung duoc dua vao cic day noi bang phuong phdp ghép dién
dung (hinh 10). Mach tdch/ghép khong duoc anh hudng dén diéu kién hoat dong
cuia cac mach duoc thir.

Mot cau hinh thir khdc (ghép qua céc bo triét xung) duoc thé hién trong hinh
11 dé dung cho cac mach ¢6 toc¢ do truyén din cao hon. Viéc lua chon phuong phap
ghép tuy theo tai dién dung twong (ing vdi tan soO truyén dan.

Néu khong c6 quy dinh khac, day néi gitta EUT va mach tach/ghép phai nho
hon hoéc bang 2 m.

7.4 Cdu hinh thu doi véi cac duong vién thong/duong noi doi xing, khong co
che chan (hinh 12)

Thong thuong nguoi ta khong st dung phuong phap ghép dién dung doi véi
cdac mach vién thong/lién két can bang. Trong trudng hop nay, viéc ghép thuc hién
qua cac bo triét xung (khuyén nghi K.17 cta CCITT). Cac mdc thir thap hon dién
ap danh llra ctia cac bo triét xung dugc ghép (khoang 300 V doi vé6i bo triét xung
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90 V) khong dugc quy dinh (trir truong hop thi€t bi bao vé thit cdp khong ¢6 cac bo
triét xung co khi).

Chii y: Cdn xem xét hai cdu hinh thir sau:

- Cdu hinh thit doi vdi phép thit khd ndng mién nhiém miic thiét bi, chi cé thiét bi bdo vé
thit cdp tai EUT, véi miic thit thdp, vi du 0,5 kV hodic 1 kV;

- Cdu hinh thit doi voi phép thit khd ndng mién nhiém miic hé thong, cé thiét bi bdo vé so
cdp bé sung, voi miic thit cao hon, vi du 2 kV hodic 4 kV .

Néu khong c6 quy dinh khac, day néi gitta EUT va mach tach/ghép phai nho
hon hoac bang 2 m.

7.5 Cdu hinh thit doi voi cdc duong ddy c6 che chan

Trong trudng hop cdc dudng day cé che chin, c¢6 thé khong st dung duoc
mach tdch/ghép. Vi vay, xung dugc dua vao 16p che chin cta cac EUT (vo kim
loai) va vo ctia cdc dudng day theo hinh 13. D6i véi céac 16p che chan chi noi dat &
mot dau, sir dung hinh 14. Dé thuc hién tadch doi véi day dat an toan, phai sir dung
mot bién dp cach ly. Thong thudng, phai st dung loai cdp dai nhat c6 16p che chan
nhu da quy dinh. Tuong ting véi phd clia xung, phai sit dung cdp dai 20 m ¢6 16p
che chan va duogc b lai sao cho khong sinh ra do tu cam.

Nguyén tic dé dua cdc xung vao cac dudng day c6 16p che chan:

a) Doi voi 16p che chan noi dat ¢ hai dau, viéc dua xung thir vao 16p che chan
dugc thuc hién theo hinh 13.

b) Da6i v6i 16p che chan chi néi dat & mot dau, phép thir phai duoc thuc hién
theo hinh 14. C la dién dung cap so véi dat, gid tri ndy c6 thé tinh bing 100 pF/m.
Néu khong ¢6 quy dinh khéc, ¢6 thé sir dung gid tri mau 10 nF.

Miic thir dua vao cdc 16p che chan 1a gia tri day-dat (trd khang 2 Q).

7.6 Cdu hinh thu doi voi hién tuong chénh léch dién thé

Néu can thir d6i vdi cac hién tuong chénh léch dién thé (dé mo phong céc dién
4p c6 thé xuat hién trong mot hé thong), cac phép thir phai duoc thuc hién theo hinh
13 d6i v6i cac hé thong dung day n6i cé 16p che chan (16p che chan noi dat & ca hai
dau) va theo hinh 14 d6i véi cdc hé thong ding dudng day khong cé 16p che chin
hoic ¢6 16p che chin nhung 16p che chan chi n6i dat & mot dau.

7.7 Cdc cdu hinh thu khdc

Néu khong st dung dugc mot trong cac phuong phap ghép quy dinh trong cau
hinh thir, tiéu chuidn san phdm phai quy dinh cidc phuong phép thay thé tuwong
duong (phu hop v6i truong hop dac biét do).
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7.8 Cdc diéu kién thuc hién phép thu

Céc diéu kién thir va cdc diéu kién lap dat thiét bi phai tuan theo chi tiéu ky
thuat san phdm va bao gém:

- C4u hinh thtr (phan cing);

- Tha tuc thir (phan mém).

8. Thii tuc thir

8.1 Cdc diéu kién chudn ctia phong thit

Dé giam thi€u anh hudng cua céc yéu t6 moi trudong dén két qua phép thir,
phép thtr phai dugc thuc hién & cdc diéu kién dién tir va khi hau chudn quy dinh
trong cdc muc 8.1.1 va 8.1.2.
8.1.1 Diéu kién khi hdu

Céc diéu kién khi hau can tuan thu bao gém:

- Nhiét do phong 15 +35°C
- Do 4m twong doi 10 + 75%
- Ap suat khi quyén 86 + 106 kPa (860 + 1060 mbar)

Chii y: Chi tiéu k§ thudt san phdm cé thé quy dinh cdc gid tri khdc. EUT cdn duoc hoat
dong trong cdc diéu kién khi hdu da quy dinh. Nhiét do va do dm twong doi can duoc ghi lai
trong bién ban thir nghiém.

8.1.2 Diéu kién dién tir

Moi truong dién tir trong phong thir khong duoc gy anh hudng dén két qua
cua phép thtr.

8.2 Thuc hién phép thu trong phong thu

Cac dac tinh va chi tiéu k¥ thuat cia bo tao séng phai tuan theo quy dinh trong
cac muc 6.1.1 va 6.2.1; viéc hiéu chinh cac bo tao song phai dugc thuc hién theo
cac quy dinh trong cdc muc 6.1.2 va 6.2.2.

Phép thir phai dugc thuc hién theo k& hoach thir, trong dé phai quy dinh cau
hinh thir (xem muc B.2 phu luc B) bao gom:

- B0 tao song va cac thiét bi khac duoc st dung;

- Mic thir (dién ap/dong dién) (xem phu luc A);

- Tré khang bo tao song;

- Cuc tinh xung th;
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- Mach khéi dong ctia bo tao song trong hoac ngoai;

- S6 lugng phép thir: it nhat 1a 5 14n xung duong va 5 14n xung am & céc diém
duoc chon;

- Toc do lap lai: 16n nhat 1a 1 lan/phat;

Chii y: Thong thuong, cdc thiét bi bdo vé déu cé khd ndng chiu cong sudt trung binh thdp
mdc du tri s6 cong sudt dinh hodc ndng luong dinh cho thdy chiing ¢ thé chiu dugc cdc dong
dién lon. Vi vdy, toc do ldp lai Ion nhdt (khodng thoi gian giita hai xung va thoi gian phuc hoi)
phu thudc vao cdc thiét bi bdo vé bén trong ciia EUT.

- C4c dau vao va dau ra can thu;

Chii y: Trong truong hop c¢é nhiéu mach giong nhau, chi can thuc hién cdc phép do trén
mot s6 mach dai dién.

- C4c diéu kién hoat dong dic trung ctia EUT;

- Thtt ty dua cac xung vao mach;

- Gé6c pha trong trudong hop diing ngudn dién xoay chiéu;

- Cé4c diéu kién 1ap dat thuc t€, vi du:

+ AC: trung tinh néi dat,
+ DC: (+) hay (-) n6i dat dé mo phong cdc diéu kién ti€p dat thuc té.

Ché do thuc hién cac phép thir dugc trinh bay trong muc B.2 phu luc B.

Néu khong cé quy dinh khac, cac xung dua vao phai dong bo véi pha ctia song
dién 4p xoay chiéu tai diém cét truc hoanh (pha 0) va tai gid tri dinh (duong va am).

Cac xung phai dugc dua vao day- day va gilta cac day véi dat. Néu chua duoc
quy dinh, khi thuc hién thir day-dat, dién ap thr phai duge dua vao lan luogt gitta
tung day va dat.

Chii y: Khi sit dung bo tao soéng két hop dé thit hai hay nhiéu day véi dat (cdc ddy vién
thong), do rong cua xung thit cé thé gidam di.

Thu tuc thr cling phai duoc xem xét cling véi cac dac tinh dién ap - dong dién
phi tuyén cua thiét bi dugc thlr. Vi vay, dién 4p thu phai tang ting budc dé€n mic
thir da duoc quy dinh trong tiéu chuén san pham hoic k& hoach thtr.

Thiét bi dugc thlr phai thoa man cac phép thur véi tit ca cac mic thap hon
va biang mc thir da chon. Dé thir cc thiét bi bao vé thit cap, dién dp ddu ra bo tao
song phai tang dén muc dién 4p danh thung cia bo bao vé so cip (truong hop
xau nhat).

Néu khong ¢6 nguén tin hiéu that, c6 thé mo phong. Trong moi trudng hop,
miic thir khong dugc vuot qua céc quy dinh trong chi tiéu k§ thuat san pham. Phép
thir phai duoc thuc hién theo ké hoach thir.
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Dé xac dinh tat ca cdc diém t6i han trong chu trinh 1am viéc cta thi€t bi, phai
stt dung du s6 xung tht 4am va duong. D6i véi phép thir nghiém thu, phai st dung
cac thiét bi chua tirng phai chiu cac tic dong xung hoac phai thay thé cac thiét bi
bao vé.

9. Két qua thir va bién ban thir nghiém

Muc nay trinh bay cdc huéng dan vé viéc ddanh gia két qua thir va 1ap bién ban
thir nghiém doi v6i phép thir trong tiéu chuén nay.

Su da dang va phtc tap cta cac hé thong va thi€t bi dugc thir nghiém da lam
cho viéc xac dinh anh hudng cua xung lén cac hé thong va thi€t bi trd nén rat
khé khan.

Néu chi tiéu k§ thuat san phdm hay nha quan ly san phdm khong dua ra cac
chi tiéu cu thé, két qua thir cAn dugc phan loai theo céc diéu kién hoat dong va céc
thong so chiic nang cua EUT nhu sau:

a) Dac tinh nam trong giGi han chi tiéu ky thuat cho phép;

b) Suy giam chét luong hodc mat chifc niang tam thoi nhung c6 thé tu phuc hoéi;

¢) Suy giam chat lugng hoac mat cac chdc nang tam thoi, muén khoi phuc lai
can ¢0 su can thiép cua nguoi van hanh hoac khéi dong lai hé thong;

d) Suy gidm hodc mat céc chiic nang nhung khong thé phuc héi do hong cic
bo phan thiét bi, phAn mém hoac mat so liéu.

EUT phai dam bao khong tré nén nguy hiém hay mat an toan khi duoc thir
theo cdc quy dinh trong tiéu chuén nay.

Trong truong hop cac phép thu nghiém thu, chuong trinh thir va cach xtr 1y két
qua phai dugc mo ta trong tiéu chuin san pham cu thé.

Theo nguyén tic chung, két qua thir 1a dat néu thiét bi thé hién kha ning mién
nhiém trong su6t thoi gian thuc hién phép thir va khi két thic phép thir EUT van
thoa man cac yéu cau chitic nang duoc quy dinh trong chi tiéu k¥ thuat thiét bi.

Tai liéu k§ thuat ctia EUT c6 thé xdc dinh mot s6 anh hudng duoc xem la
khong quan trong, vi vay cac anh hudng nay c6 thé dugc chap nhan.

V6i truong hop nay, khi két thdc thir phai ki€ém tra su tu phuc hdi cac kha
nang hoat dong cua thiét bi. Do vay, phai ghi lai khoang thoi gian thiét bi mat hoan
toan chic niang hoat dong. Pay chinh 12 co s& dé d4nh gia két qua phép thir.

Bién ban thir nghiém phai bao gém cdc diéu kién thir va cédc két qua thur.
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L
[ ]

U: Nguén dién ap cao

R.: Dién tr§ nap

C.: Tu luu trii nang lugng

R,: Dién trg dinh dang d6 réng xung
R..: Dién tr§ phéi hap trd khang

L,: Cudn cdm dinh dang thdi gian tang

Hinh 1: So do nguyén 1y bo tao séng két hop

Bdng 2: Dinh nghia cdc tham sé dang song 1,2/50 us

Theo IEC 60-1 Theo IEC 469-1
Dinh nghia Do rong Thai gian dé bién | Thai gian ting Do rong xung
: suén truéc, | dd xung gidm di (10%-90%), (50%-50%),
us mot nira, us ps us
Dién ap hd mach 1,2 50 1 50
Dong dién ngan mach 8 20 6,4 16

Chu y: Trong céc tiéu chuén IEC, céc dang séng 1,2/50 us va 8/20 us thudng dudc dinh nghia theo

IEC 60-1 nhu trong hinh 2 va hinh 3. Cac khuyén nghi khac cla IEC dua trén dinh nghia dang
soéng theo IEC 469-1 nhu trong bang 2. C4 hai dinh nghia nay déu phu hop véi b tiéu chuén
IEC 1000-4-x va chi mé ta la mét bo tao tin hiéu.
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D06 rong sudn trude: T, =1,67 x T=1,2 us + 30%
Thdi gian dé bién do xung gidm di mot ndra: T, = 50 ps + 20%

Hinh 2: Dang song dién dp ho mach (1,2/50 us)
(dinh nghia dang song theo IEC 60-1)
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11

M C

O, T
< I 30% max. /
—T,—

D06 rong sudn trude: T, =1,25x T =8 us £ 30%
Thai gian dé bién dd xung gidm di mét nlra: T, = 20 us + 20%

Hinh 3: Dang séng dong dién ngdn mach (8/20 us)
(dinh nghia dang song theo IEC 60-1)

U <:> Co R, C, ——

U: Nguén dién ap cao

R.: Dién tr§ nap

C.: Tu luu trt nang lugng (20 uF)

R,: Dién trg dinh dang dé réng xung (50 Q)

R, Dién trd phoi hop tré khang (R, = 15Q; R, = 25 Q)

C,: Tu dién dinh dang thdi gian tang (0,2 uF)

S1: Khoa déng khi ding cac dién trd phoi hop tré khang ngoai

Hinh 4: So do nguyén 1y ciia bo tao xung 10/700 us
(theo ITU-T, hinh 1/K.17)
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Bdng 3 - Dinh nghia cdc tham so dang séng 10/700 us

Dong dién ngan mach

Theo ITU-T Theo IEC 469-1
Dinh nghia Do rong Thai gian dé bién | Thai gian ting Do rong xung
) sudn trudc, dd xung giadm di (10%-90%), (50%-50%),
us mot nira, us us us
Dién ap hd mach 10 700 6,5 700
- - 4 300

Chu y: Trong céc tiéu chuén cta IEC va khuyén nghi cta ITU-T, dang séng 10/700 us thudng dugc

dinh nghia theo IEC 60-1 nhu trong hinh 5. Cac khuyén nghi khac cta IEC dua trén dinh nghia
dang song theo IEC 469-1 nhu trong bang 3. Ca hai dinh nghia nay déu phu hgp véi bo tiéu
chuén IEC 1000-4-x va chi mé ta la mot bé tao tin hiéu.
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D06 rong sudn trude: T, = 1,67 x T =10 us + 30%

Thdi gian dé bién do xung gidm di moét ndra: T, = 700 ps + 20%

Hinh 5: Dang song dién dp ho mach (10/700 us)

(dinh nghia dang song theo ITU-T)
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B tao séng
két hop

Mach tach J_

C=18pu

L _|_

Mang L _L [Tt} |
cung cap
nguoén T__ S, Ut

ACDO) PE T T

Pat chuin

L

Hinh 6: Vidu vé cdu hinh thir doi voi phuong phdp ghép dién dung
trén cdc duong AC/DC; ghép ddy-dady (theo muc 7.2)

B6 tao sbéng
két hap
Q R=10Q
— C=9yuF
Mach tach ?
L
Man L S
ang 1
cung cap
nguoén N[ 1 EUT
AC(DC _—
B9 ee TT
D4t chuan

|||—

Hinh 7: Vidu vé cdu hinh thir doi voi phuong phdp ghép dién dung
trén cdc duong ACIDC, ghép ddy-ddt (theo muc 7.2)
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B6 tao sbéng
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Hinh 8: Vi du vé cdu hinh thir doi voi phuong phdp ghép dién dung
trén cdc duong AC (3 pha); ghép day L3-day L1 (theo muc 7.2)
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B6 tao sbéng
két hop
R=10Q
C=9yuF
S1
0 S2
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Mach tach
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1) Khoa S1
* day - dat: vitri 0
2) Khoa S2

* cac vi tri trong phép thr 1 dén 4

Hinh 9: Vi du vé cdu hinh thir doi voi phuong phdp ghép dién dung
trén cdc duong AC (3 pha); ghép dady L3-ddt (theo muc 7.2);
dau ra bo tao séng duoc noi ddt
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B6 tao sbéng
két hop

R=40Q

C=05pF

S2

Thiét bi Thiét b Mach tach
phu tro bao vé

e
S

L1 EUT

|
I

Pat chudn

I
I
I

1) Khéa S1

* day - dat: vitri 0

* day - day: vi tri 1 dén 4
2) Khéa S2

* cac vi tri trong phép thr 1 dén 4 nhung khong giéng S1
3) L =20 mH, R, 1a thanh phan dién trd cla cudn day L

Hinh 10: Vi du vé cdu hinh thit doi véi cdc duong ddy noi khong cé 16p che chan;
ghép day-ddylddy-ddt (theo muc 7.3), ghép qua cdc tu
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B6 tao sbéng
két hop
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1) Khoa S1

* day - dat: vitri 0

* day - day: vi tri 1 dén 4
2) Khoa S2

* cac vi tri trong phép thr 1 dén 4 nhung khong giéng S1
3) L =20 mH, R, 1a thanh phan dién trd cla cudn day L

Hinh 11: Vidu vé cdu hinh thir doi voi cdc duong ddy khong doi xiing,
khong c6 16p che chdn; ghép ddy-day/day-ddt (theo muc 7.3),

ghép qua cac bo triét xung
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B6 tao
tin hiéu thar

Thiét bi Thiét bi Mach tach
phu tro bao vé
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ﬁ

EUT
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%

Dat chuan

T 1

a) Khoa S1
* day - dat: vitri 0

* day - day: vi tri 1 dén 4 (1 day dudc néi dat)

b) Tinh R, khi st dung CWG (b6 tao séng 1,2/50 ps)

Viduvéin=4:R,,=4x40Q =160 Q, cuc dai la 250 Q.

Tinh R,,, khi s dung b0 tao séng 10/700 ps

Dién trd phéi hop trong R, (25 Q) dudc thay thé bdi dién trd ngoai R, = n x 25 Q trén mébi day
(d6i véi n day dan, n > 2).

Viduvin=4:R,,=4x250Q=100Q, R, khong vugt qua 250 Q.

c) C = 0,1 uF d6i véi cac tin hiéu truyén dan c6 tan sé dudi 5 kHz; & cac tan s6 cao hon khong sl
dung tu.

d) L =20 mH, R, gi tri phu thudc vao viéc suy hao tin hiéu truyén dan

I

Hinh 12: Vi du vé cdu hinh thir doi vdi cdc duong ddy doi xiing,
khong c6 16p che chdn (cdc duong vién thong);
ghép day-ddylddy-ddt (theo muc 7.4), ghép qua cdc bo triét xung
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Hinh 13: Vi du vé cdu hinh thit doi véi cdc phép thir duong ddy cé 16p che chdn
(theo muc 7.5) va hién tuong chénh léch dién thé (theo muc 7.6), ghép dan
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_T_ ¢ tin hiéu thir

Pat chuan

Hinh 14: Vi du vé cdu hinh thit doi voi cdc phép thit duong ddy khong cé lop che
chan va duong day c6 16p che chan (16p che chdn noéi ddat mot ddu)
(theo muc 7.5) va hién tuong chénh léch dién thé (theo muc 7.6), ghép dan
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PHU LUC A
(Quy dinh)

LUA CHON BO TAO TIN HIEU THU VA MUC THU

Viéc lua chon miic thir phai dua trén cac diéu kién 1ap dat thiét bi. Vi vay, nén
sit dung bang A.1 cung cac thong tin va cac vi du trong B.3, phu luc B. Cac loai
moi trudng lap dat thiét bi bao gém:

Loai 0: Moéi truong dién duoc bdo vé tot, thuong la bén trong mot phong

ddc biét.

Loai 1: Méi truong dién duoc bdo vé mot phan.

Loai 2: Moéi truong dién trong dé cdc cdp déu duogc cdch ly tét, tham chi cd
cdc doan cdp ngdn.

Loai 3: Moi truong dién trong dé cdp nguon va vién thong di song song vdi nhau.

Loai 4: Moi truong dién trong dé cdc duong dady lién két duoc ddt bén ngodi,
doc theo cdap nguon va cdp ding cho cd cdc mach dién, dién tir.

Loai 5: Moi truong dién danh cho cdc thiét bi dién tit noi voi cdp vién thong
va duong ddy dién luc trén cao J khu vuc cé mdt do ddn cu thdp.

Loai x: Cdc diéu kién ddc biét quy dinh trong tai liéu k¥ thudt san phdm.

Cac thong tin bo sung khac dugc trinh bay trong cdc hinh tir B.1 dén B.3
phu luc B.

Pé danh gid kha ning mién nhiém muc hé théng cé thé thuc hién mot so
bién phdp bao vé bd sung phi hop véi céc diéu kién lap dat thuc t€, vi du nhu
bao vé so cap.

Viéc st dung xung sét (va cac bo tao tin hiéu thir) doi v6i cac moi truong khac
nhau nhu sau:

Loai 1 dén 4: 1,2/50 us (8/20 us).

Loai 5: 1,2/50 ps (8/20 ps) d6i vé6i cac cong danh cho dudng day dién
luc va cdc duong day/mach tin hiéu cu ly ngéan.
10/700 ps d6i v6i cac cong danh cho dudng day/mach tin hié¢u
cu ly dai.

Trd khang nguon phai dugce dua ra trong cac hinh vé ciu hinh thir.
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Bdng A.1: Lua chon miic thit (theo diéu kién ldp ddt)

Murc thar
Nguén dién Day/mach khéng Day/mach SDB, DB "
Moi can bing, LDB Ché& can bing
trudng Ché do ghép do ghép Ché do ghép Ché& do ghép
day-day, | day-dat, | day-day, | day-dat, | day-day, | day-dat, | day-day, | day-dat,

kV kV kV kV kV kV kV kV

0 NA NA NA NA NA NA NA NA

1 NA 0,5 NA 0,5 NA 0,5 NA NA

2 0,5 1,0 0,5 1,0 NA 1,0 NA 0,5

3 1,0 2,0 1,0 2,03 NA 2,03 NA NA

4 2,0 4,03 2,0 4,03 NA 2,03 NA NA

5 2 2 2,0 4,03 NA 409 NA NA
X

1) Khodng cach gidi han, cdu hinh thi d&c biét, cach bé tri d&c biét, 10m dén t6i da 30 m: khéng thir
déi véi cap ndi ngén hon 10 m, chi ap dung d6i véi méi trudng loai 2.

2) Tuy theo loai nguén dién cung cép.

3) Thudng dudc thir khi cb bao vé so cép.

Giai thich:
DB: dudng déy sé liéu (data bus)
SDB: dudng day cu ly ngén (short-distance bus)
LDB: dudng day cu ly dai (long-distance bus)
NA: khéng dung (not applicable)
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PHU LUC B
(Tham khéo)

MOT SO CHU Y

B.1 Tro6 khang nguon

Viéc lua chon tré khiang nguon cta bo tao tin hiéu phu thudc vao:

- Loai cdp/day dan/duong day ( nguon AC, nguon DC, day néi...);

- Chiéu dai ctia cap/dudongday;

- Céc diéu kién trong/ngoai nha tram;

- Viéc dua cac dién 4p thu vao (day - day hay day - dat).

Mic tré khang 2 Q 1a trd khang nguon cua mang dién ha dp. St dung bo tao
tin hiéu c6 tré khang dau ra hiéu dung 2 Q.

Mic tré khang 12 Q (10 Q + 2 Q) 1a tré khang nguodn gitta mang dién ha ap
va dat. St dung bo tao tin hiéu c6 mot dién trd phu 10 Q mac noi tiép.

Mitc tré khang 42 Q (40 Q + 2 Q) 1a tré khang nguon giira tat ca cac duong
day khac va dat. St dung bo tao tin hiéu c6 mot dién trd phu 40 Q mac ndi tiép.

O mot s6 nude (vi du, & M§), cdc tiéu chudn doi v6i dudng day AC yéu cdu
cac phép thlr phai dugc thuc hién theo hinh 7 va hinh 9 véi trd khang 2 Q; day la
mot phép thlr khé thuc hién hon. Thong thudng, yéu ciu nay 1a 10 Q.

B.2 Thuc hién cac phép thi

C6 hai loai phép thir khac nhau can dugc phan biét: phép thlr kha nang mién
nhiém muc thiét bi va phép thlr kha nang mién nhiém mdc hé thong.
B.2.1 Khd ndang mién nhiém miic thiét bi

Phép thir dugc thuc hién doi véi mot EUT riéng 1€ trong phong thir. Khi do,
kha nang mién nhiém cua EUT goi 1a kha nang mién nhiém mic thiét bi.

bién ap thir khong duoc vuot qua dién ap chiu dung da quy dinh cta I6p
céach dién.
B.2.2 Khd ndang mién nhiém miic hé thong

Phép thr thuc hién trong phong thit d6i v6i EUT. Kha nang mién nhiém muc
thiét bi khong dam bao kha nang mién nhiém cta hé théng trong moi truong hop.
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Nhu vy, nén stt dung phép thir mic hé thong vi né mo phong cdc diéu kién lap dat
thuc t€. Diéu kién lap dat dugc mo phong bao gdm cac thiét bi bao vé (bo phong
dién, varistor, day c6 che chan...), loai va chiéu dai thuc ctia day noi.

Muc dich clia phép thlr 1a mo phong cang giong cac diéu kién lap dat thuc t€
cua EUT cang tot.

Trudng hop thir kha nang mién nhiém trong diéu kién lap dat thuc t€, mdc thix
dién 4p cao hon c6 thé duoc st dung, nhung mic niang lugng phai duoc han ché
theo dac tinh giGi han dong cta thiét bi bao vé.

Phép thtr ciing phai chi ra rang cdc anh hudng thi cap duoc tao ra bdi céc thiét
bi bao vé (su thay d6i dang séng, ché do, bien do dién ap hodc dong dién) khong
gay ra cac anh huéng xau dén EUT.

B.3 Phan loai moi truong lap dat
Loai 0: Méi truong dién duoc bdo vé tot, thuong la bén trong mot phong ddc biét.

Tat ca cdc loai cdp nhap tram déu dugc bao vé chéng qud dp (so cdp va
thit cap). Cac bo phan cua thiét bi dién tir dugc n6i v6i nhau biang mot hé thong
ti€p dat hop 1y, vé co ban khong bi anh hudng khi 1ap dat hé thong thiét bi ngudn
hay sét danh.

Thiét bi dién tir c6 hé thong cung cap nguodn riéng (xem bang A.1).

Dién 4p xung c6 thé khong vuot qua 25 V.

Loai 1: Méi truong dién duoc bdo vé mot phan.

Tat ca cac loai cdp vao phong nay déu dugc bao vé chong qua dp (so cap). Cic
bo phan cua thiét bi dién tir dugc noi v6i nhau bang mot mang day dat, vé co ban
khong bi anh hudng khi 1ap dat hé thong thiét bi nguén hay do sét ddnh.

Thiét bi dién tir ¢6 hé thong cung cap ngudn hoan toan cach ly véi céc
thiét bi khac.

Céc thao tidc dong ngét c6 thé tao ra cdc dién dp nhiéu trong phong.

Dién 4p xung c6 thé khong vuot qua 500 V.

Loai 2: Moi truong dién trong dé cdc soi cdp déu duoc cdch ly thdm chi cd cdc
doan cdp ngdn.

Hé thong thiét bi dugc ndi dat qua mot day dat cach ly dén hé thong tiép dat
ctia nguén dién, hé thong nay c6 thé phai chiu cdc dién 4p nhiéu duogc tao ra ngay
trong hé thong hodc do sét danh. Hé thong cung cap nguodn cho thiét bi dién th
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duoc cédch ly véi cdc mach khéc, chi yé€u 1a bang mot bién dp dac biét dung cho hé
thong nguon.

Trong hé thong nay c¢6 cac mach chua dugc bao vé, nhung ching c6 s6 luong
han ch€ va da duoc cach ly hop 1y.

Dién 4p xung c6 thé khong vuot qua 1 kV.

Loai 3: Moi truong dién trong dé cdc soi cdp nguon va vién thong di song song
voi nhau.

Hé thong thiét bi dugc noi véi hé thong tiép dat chung ctia nguon dién, hé
thong nay c6 thé phai chiu cdc dién 4p nhiéu dugc tao ra do viéc lap dat thiét bi
hoac do sét danh.

Dong dién do 16i dat, cac thao tac dong ngat va sét danh trong hé thong ngudn
c6 thé tao ra cac dién 4p nhiéu twong doi 16n trong hé thong ti€p dat. Thiét bi dién
tir da duoc bao vé va thiét bi dién c6 do nhay thap duoc noi v6i cuing mot hé thong
nguén. Cdp ndi c6 thé c6 mot phan ngoai troi, nhung ching phai gian vé6i hé thong
ti€p dat.

Trong hé thong thiét bi c6 cdc tai dién cam khong duoc triét xung va thuong
khong c6 su cach ly giita cac loai cap khic nhau.

Dién 4p xung c6 thé khong vuot qua 2 kV.

Loai 4: Moéi truong dién trong dé cdc duong ddy noi ra ngoai di cing cdp dién luc
va cdp thuong ding cho cd cdc mach dién va dién tu.

Hé thong thiét bi duoc ndi véi hé thong tiép dat cua nguon dién, hé thong
nay c6 thé phai chiu céc dién 4p nhiéu duoc tao ra do viéc ldp dat thiét bi hodc
do sét danh.

Dong dién trong dai kA do 16i dat, cdc thao tdc dong ngét va sét danh trong hé
thong nguoén cé thé tao ra cdc dién 4p nhiéu tuong doi 16n trong hé thong tiép dat.
Thiét bi dién tir va thiét bi dién c6 thé dung chung mot hé thong ngudn. Cdp noi
dugc di ngoai troi, ngay ca doi véi thiét bi c6 dién ap cao.

Trudong hop dac biét cia moi truong nay 1a khi thi€t bi dién tir dugc noi dén
mang vién thong trong khu vuc ¢6 mat do dan cu cao. Trong moi truong loai nay,
khong ¢6 mang tiép dat dugc xay dung c6 tinh hé thong & bén ngoai thi€t bi duoc
thir ma hé thong tiép dat chi bao gom cac ong nudc, cap...

Dién 4p xung c6 thé khong vuot qua 4 kV.

Loai 5: Moi truong dién danh cho cdc thiét bi dién tw noi voi cdp vién thong va
duong ddy dién luc trén cao J khu vuc cé mdt do ddn cu thdp.
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Tat ca cac duong day va cdap déu dugc bao vé chong qua dp (so cap). Phia
ngoai thi€t bi dién tir khong c6 hé thong tiép dat rong (cong trinh khong dugc bao
vé). Dién dp nhiéu do cdc 16i dat (dong dién dén 10 kA) va do sét danh (dong dién
dén 100 kA) c6 thé rat cao.

Yéu ciu cua loai moi truong nay duoc quy dinh bdi mic tht s6 4 (xem
phu luc A).

Loai x: Cdc diéu kién ddc biét duoc quy dinh trong chi tiéu ky thudt ciia sdn phdm.

Céc vi du vé cdc hé thong thiét bi dién tir trong cdc ving khac nhau duoc cho
trong c4c hinh B.1, B.2 va B.3.

B.3.1 Khd ndng mién nhiém miic thiét bi tai cdc cong noi véi mang dién
Mitc mién nhiém t6i thiéu d6i véi viéc két ndi vao mang dién cong cong 1a:
- Ghép day - day: 0,5 kV (cu hinh thir theo cac hinh 6 va 8).
- Ghép day - dat: 1,0 kV (cau hinh thir theo cac hinh 7 va 9).

B.3.2 Khd ndng mién nhiém miic thiét bi tai cdc cong néi véi cac duong ddy lién két

Cac phép thlr d6i v6i hién tuong xung trén cac mach ndi chi can thuc hién doi
vGi cac két noi bén ngoai (phia ngoai khung gia/nha thiét bi).

Néu c6 thé thuc hién thir kha ning mién nhiém mic hé thong (EUT c¢6 cdp da
dugc noi), thi khong can thir kha nang mién nhiém muc thiét bi (vi du, cic cong
vao/ra tin hiéu hodc diéu khién) dac biét 1a trong trudng hop vo cia cap noi dugc
coi 1a mot phén clia cac bién phdp bao vé. Néu viéc 1ap dit thiét bi khong dugc thuc
hién boi nha san xuat thiét bi, phai quy dinh dién ap c6 thé chap nhan doi véi cac
dau vao/dau ra ctia EUT.

Nha san xuat thi€t bi cin ki€ém tra thiét bi trén co sO cdc miic thir da dugc quy
dinh dé khang dinh kha niang mién nhiém muc thiét bi, vi du mdc thir 0,5 kV doi
v6i EUT 6 bao vé thit cap tai céc cong. Sau d6, ngudi st dung hodc ngudi c6 trach
nhiém doi v6i hé thong thiét bi cdn dp dung cac bién phéap (nhu che chén, lién két,
ti€p dat bao vé) dé dam bao dién 4p nhiu gay ra do sét khong vuot qua miic mién
nhiém da chon.

EUT 1 Cap cb I6p che chan EUT 2
vi du vi du
CPU DAau cudi

T

—e

D4t chuan chung =

Hinh B.1:Vidu vé viéc bdo vé xung bang cdch che chdn
trong cdc nha tram cé hé thong ddt chudn chung
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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
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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;
¢) 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 T, 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 T, 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 T,

The time to half-value T, of a surge is a virtual parameter defined as the time
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interval between the virtual origin O, 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 I: Test levels

Open-circuit test voltage
Level £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 us - 8/20 us)

A simplified circuit diagram of the generator is given in figure 1. The values
for the different components R, R,, R, L, and C_ are selected so that the
generator delivers a 1.2/50 ps voltage surge (at open-circuit conditions) and a
8/20 ps current surge into a short circuit, i.e. the generator has an effective out-put
impedance of 2Q).

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 ps open-circuit voltage waveform 8/20 us 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 us voltage and the 8/20 us 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 0.5 kV to at least as high as 4.0 kV
Waveform of the surge voltage  see figure 2 and table 2
Tolerance of the open circuit
output voltage +10 %

Short-circuit output current:
At least as low as 0.25 kA to at least as high as 2.0 kA
Waveform of the surge current  see figure 3 and table 2

Tolerance of the short-circuit

output current + 10 %
Polarity positive/negative
Phase shifting in a range between 0° to 360° versus
the AC line phase angle
Repetition rate at least 1 per min

A generator with floating output shall be used.

Additional resistors (10 Q or 40 Q) 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 ps and 8/20 ps 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
1s necessary to measure the most essential characteristics of the generator.
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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 k€2) and under short-circuit conditions (load
smaller or equal to 0.1 Q) 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 us according to CCITT

The simplified circuit diagram of the generator is given in figure 4. The values

for the different components R, C,, R, R, R, and C, are defined so that the

ml»

generator delivers a 10/700 ps surge.

6.2.1 Characteristics and performances of the generator

Open-circuit output voltage:

At least as low as 0.5 kV to at least as high as 4.0 kV
Waveform of the surge voltage see figure 5 (IEC 60-1) and Table 3
Tolerance of the open-circuit output
voltage + 10%

Short-circuit output current:
At least as low as 12.5 A to at least as high as 100 A
Waveform of the surge current see table 3

Tolerance of the short-circuit output

current + 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 us 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 Q to e.g. 12 Q or 42 Q
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 pF or 18 uF (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: R, in figures 10 to 12 represents the resistive part of the inductance L and the value
8 14 p
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 uF
- 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 R _, in the coupling network shall be, for n
composite conductors, n x 25 Q (for n equal to or greater than 2).

Example: n =4, R, =4 x 25 Q. With the impedance of the generator the total
value is approximately 40 €, R , shall not exceed 250 Q2.

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

Example: C < 0.1 pF 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 R, n x 25 Q (for n equal to or greater than 2)
- Arrestor (gas-filled) 90V

- 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 us generator);

- Decoupling network/protection devices;

- Additional resistors, 10 €2 and 40 Q (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 Q impedance although this is a more severe test. The general

requirement is 10 Q.

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 €2 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: 15°C to 35°C

- 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 High-voltage source

R.  Charging resistor

C. Energy storage capacitor

R,  Pulse duration shaping resistor
R,  Impedance matching resistor
L, Rise time shaping inductor

Figure 1: Simplified circuit diagram of the combination wave generator

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

In accordance with IEC 60-1 In accordance with IEC 469-1
Definitions Front time Time to Rise time Duration time
us half value, pus | (10% - 90%), us (50% - 50%), us
Open-circuit voltage 1.2 50 1 50
Short-circuit current 8 20 6.4 16

Note: In existing IEC publications, the waveforms 1.2/50 us and 8/20 us 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.

U A
1.0 5
0.9
0.5 /
| e / T,
0.3 A
0.1 t
O.OO >
T 30% max.
—T,—

Fronttime: T, =1.67 xT =1.2 us £ 30%
Time to half-value: T, = 50 us + 20%

Figure 2: Waveform of open-circuit voltage (1.2/50 us)
(waveform definition according to IEC 60-1)
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1.0 5
0.9
0.5 //
| T2
01 1 c t
0.0 0 >
— T — 30% max. /
— T, —
Fronttime: T, =1.25xT =8 us + 20%
Time to half-value: T, = 20 us + 20%
Figure 3: Waveform of short-circuit current (8/20 us)
(waveform definition according to IEC 60-1)
Si
S| I | T T—e—oe
Rc Rm1 Rm2
U <:> Cop R, C. ——

o

o

3

[

POIBIOZIC

High-voltage source

Charging resistor

Energy storage capacitor (20 uF)

Pulse duration shaping resistor (50 Q)

Impedance matching resistors (R, = 15 Q; R,,;, = 25 Q)
Rise time shaping capacitor (0.2 uF)

Switch load when using external matching resistors

Figure 4: Simplified circuit diagram of the 10/700 us impulse generator.
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Table 3: Definitions of the waveform parameters 10/700 pis

In accordance with ITU-T

In accordance with

IEC 469-1
Definitions
Front time Time to Rise time Duration time
us half value, ps (10% - 90%), us (50% - 50%), us
Open-circuit voltage 10 700 6.5 700
Short-circuit current - - 4 300

Note: In existing IEC and ITU-T publications, the waveform 10/700 us 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.

1.0

0.9

0.5

/ a

0.3

01

T,

0.0

T

<__T»] —

Front time: T, =1.67 x T =10 us £ 30%
Time to half-value: T, = 700 us + 20%

Figure 5: Waveform of open-circuit voltage (10/700 us)
(waveform definition according ITU-T)
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Combination
wave
Decoupling J_
C=18u
L T
AC(DCc) L T T .
POWer 1T | . e EUT
Supply ___I_ | MO |
network pg T T
Earth reference

L

Figure 6: Example of test set-up for capacitive coupling on AC/DC lines;
line-to-line coupling (according to 7.2)

Combination
wave generator

QR=1OQ
C=9uF

Decoupling network

®
L
AC(DC) L —— A,
power
supply N 1 EUT
network j—

11

Earth reference

4

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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Combination wave

generator
l C=18 uF
S2
®1 [ Yi [ ®4
S1 —9
Decoupling network
L1 L
1 B S—cE
AC L2 I —_
power 1 B2
supply L3 | T EUT
network 1 i
-+ ——
PE T T T T
. Earth reference

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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Combination wave

generator
R=10Q
C=9yuF
S1
0 S2
1 [} 20 31 40
Decoupling network
L1 L
* —t= FrE
AC L2 % -
power 1 B
supply L3 | = — EUT
network 1 E—
T _T_ Frrey
" TTTT
_T_ Earth reference
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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Combination wave

generator
R=40Q
C=05pF
S2
= o 1Te 2¢ 3e de
p
S1 o4
Decoupling network
Auxiliary Protection
equipment  equipment
L R,
— DR |
— f ] EUT
Earth reference

I

-

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, R_ represents the resistive part of L

I

Figure 10: Example of test set-up for unshielded interconnection on AC lines;
line-to-linel/line-to-earth coupling (according to 7.3), coupling via capacitors
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Combination wave
generator

1e 29

- o

[ X X ]
00

S1

Decoupling network
Auxiliary Protection
equipment equipment

e
S

[

EUT

|
I

[

Earth reference

I

I 1

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, R_ represents the resistive part of L

Figure 11: Example of test set-up for unshielded unsymmetrically operated lines,
ine-to-linelline-to-earth coupling (according to 7.3), coupling via arrestors
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?

Earth reference

I
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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 R, when using CWG (1.2/50 us generator)

Example for n = 4:

R, =4 x40 Q=160 Q, max. 250 O

Calculation of R, when using 10/700 us generator

The internal matching resistor R, (25 Q) is replaced by external R, = n x 25 Q per
conductor (for n conductors with n equal or greater than 2)

Example for n = 4:

R, =4 x25Q =100 Q, R,,shall not exceed 250 Q

c) C = 0.1 uF for frequencies of the transmission signal below 5 kHz;

at higher frequencies no capacitors are used

d) L =20 mH, R;: value depending on negligible attenuation of the transmission signal

I

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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Safety insulation

transformer
L 7 |
N
PE —

L{ EUT 2

[=20m

-."-.::;4

EUT 1

Safety insulation

transformer
L
7| 7
N N
—— PE

1

Test

1

Earth reference

generator

Figure 13: Example of test set-up for tests applied to shielded lines

(according to 7.5) and to apply potential differences

Safety insulation

transformer
L A | B
N
PE —

EUT 2

EUT 1

(according to 7.6), conductive coupling

Safety insulation

transformer
L
7| 7
N N
— PE

T

Test

1

Earth reference

generator

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 us (8/20 pus)
Class 5: 1.2/50 us (8/20 us) for ports of power lines and short-distance

signal circuits/lines.
10/700 ps 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 Unbalanced Balanced SDB.DB"
operated operated
Installation circuits/lines, LDB circuits/lines
class Coupling mode Coupling mode Coupling mode Coupling mode
Line Line Line Line Line Line Line Line
to line | to earth| to line to earth to line | to earth | toline | to earth
kV kV kV kV kV kV kV kV
0 NA NA NA NA NA NA NA NA
1 NA 0.5 NA 0.5 NA 0.5 NA NA
2 0.5 1.0 0.5 1.0 NA 1.0 NA 0.5
3 1.0 2.0 1.0 2.0 NA 2.0 NA NA
4 2.0 4.0 2.0 4.0 NA 2.0 NA NA
5 2 2 2.0 4.0% NA 4.0% NA NA
X

1) Limited distance, special configuration, special layout, 10 m to max.
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

30 m: no test is advised at

Explanation:
DB
SDB
LDB
NA

data bus (data line)
short-distance bus
long-distance bus
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 Q represents the source impedance of the low-voltage
power supply network. The generator with its effective output impedance of

2 Q) 1s used.

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

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

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

The generator with an additional resistor of 40 Q 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 () impedance; this is a more severe test. The

general requirement is 10 Q.

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 k'V.

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 k'V.

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 1s 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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Common earth reference —T—:

Figure B.1: Example for surge protection by shielding in buildings
with common earth reference system

EUT 1 Shielded cable

—————
Secondary
°g. O rotection
CP y P
Unshielded
T cable
Earth reference —
Shielded cable EUT 2
Secondary e.qg.
protection Terminal
T

T

Earth reference

Figure B.2: Example for secondary surge protection by shielding in buildings
with separate common earth reference systems
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Lightning
EUT 1 protection
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protection
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Figure B.3: Example for primary and secondary surge protection
of indoor-outdoor equipment



