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BAI 5: CAP QUANG
Ma bai: MD CDT 33-05
Gidi thi¢u:
Cép quang dang dugc sir dung rong rai & nudc ta, vé toc do truyén hon han cap
dong thong thuong, c6 gia tri cao vé mit kinh té va k¥ thuat.
Muc tiéu:
- Trinh bay dugc nguyén 1y ciu tao va cac van dé co ban cua cap quang.
- Van dung dugc kién thuc dé khéc phuc céc su ) xay ra.
- Chu dong, sang tao an toan can than trong qua trinh hoc tap.
N0i dung chinh:
1. Giéi thiéu
Cap quang duoc str dung trong cac linh vuc tng dung doi hoi téc do truyén tai
rat cao, pham vi truyén din 16n hodc trong cac moi truong 1am viée chiu tic dong manh
ctia nhiéu.
Mot soi cap quang bao gém mot soi 161, mot 16p boc va mdt 16p vo bao ve.Soi
16 va 16p boc dugc lam bang thuy tinh hodc chat déo trong subt.
Khac vai cac loai cap trén, cap quang thuc hién truyén tai tin hiéu 4nh sang. Voi

nguyén 1y phan xa toan phan anh sang trong duong truyén.

Vo hao vé
Anh séng ' . Mai trrang '

Wdi trureng n2

Hinh 5.1: Nguyén tac lam viéc clia cap quang
Anh sang duoc truyén trong moi trudng co chiét sut nl, néu dudng di khong
song song vai truc cla cap thi s& bi phan xa tai bé mit tiép giap cua hai méi trudng voi
n2 >nl.
Ngay nay, Internet da tré thanh mot nhu cau thiét yéu, giup moi nguoi ¢ khip noi
trén thé gidi cod thé giao tiép, trao doi, hoc tap, mua sam, giai tri dé dang, nhanh choéng.
Céc tmg dung, dich vu trén Internet ciing ngdy cang phat trién theo, diéu nay doi

hoi tdc do, bang thong két ndi Internet cao va cap quang tré thanh lya chon s6 mot
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—FTTH (Fiber To Home) 1a mot dién hinh. FTTH dap ung cac dich vy luon doi héi mang
két ndi tbe d6 cao nhu IPTV, hoi nghi truyén hinh, video truc tuyén, giam sat tir xa IP
Camera...

Trudc day, cap quang chi dung dé két ndi cac dudng truc chinh cta qudc gia, nha
cung cap dich vy, doanh nghiép 16n vi chi phi kha cao. Nhung hién nay, cap quang duoc
st dung kha rong rai & cac doanh nghiép vura, nhd, cac truong dai hoc va nguoi str dung
thong thudng. Bai viét gidi thiéu co ban vé cap quang va cac dau ndi, gitp ban doc hiéu
dugc thong sb k¥ thuat trén cac tai li¢u, thong tin san phém quang.

Céap quang dung anh sang truyén dan tin hiéu, do d6 it suy hao va thuong duoc
dung cho két ndi khoang cach xa. Trong khi cap dong sir dung dong dién dé truyén tin
hiéu, d& bi suy hao trong qua trinh truyén va cé khoang cach két nbi ngin hon.

2. Céc thiét bi

Mot tuyén thong tin quang bao gdm mdot ngudn, mot dau thu va cap quang két
nbi tuyén. Nguon cé thé 1a LED, IRED hoic laser diode.Nguon c6 thé duoc diéu ché
v6i tin hiéu twong tu, nhung thudng duoc kich boi cac xung sd.Detector thudng dung
PIN hoic APD.Tuyén thong tin c6 thé xem 1a thong tin khoang cach ngan, trung binh
hoic xa. Thong tin khoang cach ngan thuong trong pham vi vai m va dung cho:

- Thiét bi diéu khién qua trinh va thiét bi cong nghiép

- Cam bién y té, dua vao co thé bénh nhan va ndi voi thiét bi ghi
- May tinh va thiét bi ngoai vi

- Céc cau phan c6 do chinh xac cao cho muc dich quang céo

Hé thdng khoang cach trung binh thudng 16n hon vai m va dudi 1 km, con goi la
mang LAN, thuong dung soi thity tinh da mode (bang rong va ton hao thip) hodc plastic
da mode. Nguon dién hinh 1a IRED hoat dong & budc soéng 850 nm. Khau do sb thuong
tir 0.2 = 0.5 va dudng kinh 15i 50 = 100 pm dé tién cho viéc ghép véi buc xa tir IRED.
Puong kinh 18i 16n hon s& giam chi phi lap dit, két nbi, nhung do rong bang giam.

Hé théng khoang cach xa dé thiét ké hon do yéu cu han ché sy lya chon ciu
phan. Hé thong khoang cach xa ding dé tai dit liéu bang rong va cé thé dung sgi chiét
suat graded. O khoang cach rat xa thi chi dung sgi don mode dé bao dam d6 rong biang
va muc t6n hao cho phép. Co thé dung ngudn communication-grade laser diode hoic

edge-emitting IRED dé ghép ning luong vao cac soi quang nay.
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bao dam ton hao thép va d6 6n dinh cao.

Cic cau tric ong din séng va cac linh kién khac :

Integrated optics 1a cac 6ng dan séng va cac cdu phan quang dugc tich hop trén
cac dé vat lieu dung k¥ thuat twong tu mach tich hgp ban dan. Cac linh kién tich
hopquang thuong 1a cic b tach tin hiéu, cac b doi pha, cac bd dicu ché va cac bo
chuyén mach. Tét ca cac linh kién tich hop quang déu dungcac cau trac 6ng dan séng
duogc tao boi cac duong dan cua vat liéu c6 chiét suat 16n hon chiét suat cua vat liéu dé.
Céc ong din song hoat dong twong tu cap soi quang va duoc xem xét nhu cac bo tach
hodc ghép tin hiéu.Bﬁng cach diéu khién tiét dién 6ng dan song, chiét suit cua vat liéu,

khoang cach giita cac 15i va chiéu dai ctia mién ghép, s& thiét 1ap duoc ty phan ghép

nang luong.

Cic thong so ciia b ghép quang:

Thong sd Bo ghép 4 cong B6 ghép N-Part
Ty s6 ghép P2/ (P2 + P3) Pn/ Po
T6n hao du thira P2 + Ps/ Py Po / Pi
Té6n hao chén P2/ P1 Pn/ Pi
P dong nhat P2/ P3 Ph/ Ps
Do dinh hudng P4/ Py Px / Pi
Trong do:

- Pn: cong suat ra khoi cong N bat ky

- Pi: cong suat vao tong

- Po: cOng suat ra tong

- Pn: cong suat ra 16n nhat

- Ps: cong suat ra nho nhat

- Pyx: cong suat ra cong khong ghép

Qua trinh ghép dung mang 4 cong c6 thé két hop vé6i hiéu tng quang dién
(electro-optic effect) dé tao ra cac chuyén mach quang. Céc vt liéu c6 hiéu tmg quang
dién s& thay d6i chiét suat khiic xa khi c6 mit dién trudng do ap dat dién ap. Su két hop

cua dién ap thién &p va dién ap chuyén mach s€ xac dinh dau ra truyén birc xa.
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Céc vat liéu tinh thé (chang han GaAs) c6 hiéu tng quang dién. Vat liéu dé:
LiNbO c6 hi¢u ing quang dién rat manh. Thé chuyén mach ¢& 5—10V.Hé s dinhhudng
cd 100:1 dén 3000:1.

Chiét suét cua vat liéu anh huong dén van tdc truyén song va thay ddi chiét suat
c6 thé thay d6i pha twong ddi. Cac bo di pha va diéu ché pha cdu tao tir mot dng dan
song dat trong tinh thé quang dién, gitra 2 dién cuc. Luong di pha phu thudc do 16n dién
ap va chiéu dai 6ng dan song.

3. Céc thong sb
Khoang céch gitra cac goc dugce phép (hay goc tach duge phép:
AO=)L/d="X o nd
Trong do:
- d: duong kinh s¢i quang
- n1: chiét suat 13i soi quang
- Ao: budc song trong khong gian tu do

S6 mode co thé ton tai trong soi quang phu thudc AB va goc t6i lan truyén, véi

cap tron:
n = (xT)*/2

trong do:

e T=0yA0

e 0p: goc lan truyén cyuc dai

e n:s6 mode khi nT > 2.405
Thong s V (hay tan s6 chuan hoa), khi 7 T < 2,405:
V =aT =r 2r[(n12 — n22)1/2] | Ao
Trong do:

e 1: ban kinh 15i soi quangny: chiét suét vo
Méo mode va tan sic:
Goi

e to: tré truc véi khoang cach L

e tm: tré doc theo duong truyén tng véi 0p

e to=nlL/ctm=niL/c.cos 6p

o At=tm—to=(Lni/c)(n1—n2)/nz
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Hién tuong tan sic xay ra khi ngudn burc xa nhiéu budc séng trong mot khoang

AL , khi d6 xung tin hiéu s€ bi md rong 1 luong:
t=K@A).ALL
Trong do:
o Ka)he sb tan sic, phu thudc vat li¢u va budc song.
e L:chiéu dai cap soi quang
Cong suit thu:

Cong suat birc xa sé ra khoi 6ng dan song theo 1 hinh nén tuong ty nhu qua 15
hep .

Khi khoang cach giita dau thu va miéng soi quang giam, kich thudc vét chiéu tir
miéng s& dat t6i duong kinh 151 soi quay. Néu dién tich dau thu nho hon dién tich vét
chiéu, thi ty s6 dong burc xa thu dugc /dong roi khoi sgi quay = ty s dién tich:

0 / 00 = (Da / Dc)*(NAder / NAfiber)?
Trong do:
- NAget: khau do sb dau thu
- NAfiber: khau d6 sd soi quang
- 0e: dong birc xa dén dau thu
- 0o: dong birc xa roi khoi miéng s¢i quan
- Dg: dudng kinh miéng dau thu
- Dc: duong kinh 161 so1 quang
D0 rong bang:
- BW=035/T
- T=(t2-12)1/2
- T: hé s mé rong xung
- tp: 46 rong xung dau ra soi quang
-t d6 rong xung dau vao soi quang(rad)
4. Cac loal
C6 3 loai s¢i quang co ban :
- Soi chiét suat budc (step-index fiber): thay ddi dot bién chiét suat 161 va vo.
- Soi chiét suat thay d6i tir tir (graded-index fiber)

- n(r) = nof1- (N12 — N2y (r/ro)’1%, véi 0 < 1 <o
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- Chiét suat giam dan tir tm ra bién phan cach véi vo (n2)
¢ Step- index- multimode fiber:
e Duong kinh 161 50 — 1000 pm
e 02<NA<05
e Duong kinh ngoai tir 125 + 1100 um
% Graded - index - multimode fiber :
- Duong kinh 161 50 + 100 pm
- 02<NA<03
- DPuong kinh ngoai tir 125 + 150 pm
— thong tin khoang céch xa
+ Single mode fiber:
- DPuong kinh 161: 4 + 10 pm
- 0.1<NA<O0.15
- DPuong kinh ngoai tir 75 + 125 pm
— long-distance communication
- Céac xung cong suat dugc tai doc theo cac dudng khac nhau sé toi dau cudi tai
nhirng thoi diém khac nhau ( mode tryc t6i trude tién, mode tng véi goc NA dén
sau cling) — tré mode .
- Do tré mode, xung dong tong thu duogc s& rong hon xung birc xa goc.
— qua trinh mé rong xung nay xung nay goi la méo mode (modal distortion ).
— Graded - index fiber c6 méo mode nhd hon so véi step-mode fiber.
- Bién d6 xung truyén qua cap bi suy giam do hap thy, tan xa va birc xa.
Ngoai ra con phan ra 2 loai cap quang theo cau tao:
Ribbon:cap quang dang ruy-bing, chira nhiéu soi quang bén trong (Hinh 5.2.a)

Zipcord: hai soi quang c6 vo ngoai lién nhau nhu day dién (Hinh 5.2b)

Serepie = /Ouplesx - Zpoord Catbie

Hinh 5.2.a: Nguyén tic lam viéc Hinh 5.2.b: Nguyén tic lam viéc

cua cap quang cua cap quang
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Bit ky giao tiép quang nio ciing bao gém 3 thanh phan: ngudn phat, vat truyén
dan trung gian (cap quang) va ngudn thu. Ngudn phat s& chuyén di tin hiéu dién tur
thanh anh sang va truyén dan qua cap quang. Nguodn thu chuyén doi 4nh sang thanh tin
hiéu dién tir. C6 hai loai ngudn phat 1a laser va Led. Laser it tan sic, cho phép truyén
din dir liéu toc d6 nhanh, khoang céach xa (trén 20km), dung dugc cho ca Singlemode
va Multimode nhung chi phi cao, kho sir dung. Led tan sdc nhiéu, truyén dan tdc do
cham hon, bu lai chi phi thap, dé sir dung, thuong dung cho cép quang Multimode. Led
ding cho hé thong co khoang cach ngin hon, c6 thé sir dung cho ca soi quang thuy tinh,
sQ1 quang plastic.

5. Loai cap quang binh thuwong
5.1.Cdp trén khong

Day treo cap I18i phi kim loai (FRP)

Ldp wo day treo ban kinh (ngoai R=6.2mm. trong
r=5mmj}
Ph&n ndi (Mom. 2.0X2.0mm Min.1.5X1.5mm)

Sdi quang va hdp chat dién day

Ong dém (2.3+0.1mm. D& day 0.35mm)

Day chdng nudc

Phén td chiu lyctrung t&dm FRP {1.8£0.1mm)
Bang chdng thdm nudc

dp vo cla sgcap (Nom.1.5mm Min.1.3mm)
Day tudt vo

Hinh 5.3: Hinh dédng bén trong ctia cap quang 3 161
C6 sb soi quang don trong cap tir 2 dén 60 So soi, Bude song hoat dong cua soi
quang khoang tir 1310nm va 1550nm, c6 phan tir chiu luc trung tdm Phi kim loai
(FRP).Ong dém chira va bao vé soi quang 1am theo phwong phap dng dém long, c6 chira

soi quang duoc bén theo phuong phap SZ (SZ-stranded) quanh phan tir chiu lyc trung
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tam. Khe cta soi quang va mit trong cta dng dém dugc lam diy bang hop chat dién
day,ddc biét nham chdng xAm nhip cua nude. Cap co thém mot 16p biang chéng thim
nude va 16p nhua PE bao vé bén ngoai. Mot ddy treo bang soi thuy tinh phi kim loai
(FRP) thich hop cho viéc dung ngoai tro1 va treo trén khong.

5.2.Cdp ngam (trong dit, nwdc)

Soi cap quang duoc ciu tao tir ba thanh phan chinh: 13i (core), 16p phan xa anh
sang (cladding), 16p vé bao vé€ chinh (primary coating hay con goi coating, primary
buffer). Core duoc 1am bang soi thity tinh hodc plastic dung truyén din anh sang. Bao
boc core 1a cladding — 16p thity tinh hay plastic — nham bao vé va phan xa anh sang tro
lai core. Primary coating 1a 16p vé nhuya PVC giup bao vé core va cladding khong bi
bui, am, trdy xudc. Hai loai cap quang pho bién 1a GOF (Glass Optical Fiber) — cap
quang 1am bang thuy tinh va POF (Plastic Optical Fiber) — cap quang lam bang plastic.
POF c6 dudng kinh core khé 16n khoang 1mm, str dung cho truyén dan tin hiéu khoang
cach ngén, mang tde do thép. Trén cac tai li€u k¥ thuat, ban thuong théiy cap quang GOF
ghi cac thong s6 9/125um, 50/125um hay 62,5/125um, day 1a duong kinh cia
core/cladding; con primary coating c6 duong kinh mdc dinh 1a 250um. Hinh 2

___=}L*

I ! r 5 o

t *
Core Cladding Primary Coating Strength member Buffer jac:et

9um 125um 250um
50um
62.5um

Hinh 5.4: Hinh dang bén trong cua cap quang 1 161

Bao vé soi cap quang 13 16p vo ngoai gdm nhiéu 16p khac nhau tuy theo ciu tao,
tinh chat ciia mdi loai cap. Nhung cé ba 16p bao vé chinh 1a 16p chiu luc kéo (strength
member), 16p vé bdo v€ ngoai (buffer) va 16p 4o gidp (jacket) — tuy theo tai li¢u s€ co
tén goi khac nhau. Strength member 1a 16p chiu nhiét, chiu kéo cang, thuong lam tir
cac soi Kevlar. Buffer thuong lam bing nhya PVC, bao vé tranh va dap, am uét. Lép
bao vé ngoai cung 1a Jacket. Mdi loai céap, tiy theo yéu cau st dung s& ¢ thém céac 16p
jacket khac nhau. Jacketco kha ning chiu va dap, nhiét va chiu mai mon, bao vé phén

bén trong tranh am wdt va cac anh hudng tr moi truong.
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C6 hai cach thiét ké khac nhau dé bao vé soi cap quang 1a dng dém khong chit
(loose-tube) va 6ng dém chit (tight buffer).

5.3.Cdp trong nha

Chét dém kin soi quang
Soi Aramid

Lép vd bén ngoai PVC
FRP C5M

Soi quang don

FRP C5M

. Lép quin chit
Lép quin chit

Lép wo PYC/ALSZH

Lép v PYC/ALSZH

Hinh 5.5: Cép quang trong nha

Tight-buffer thuong dung trong nha (indoor), bao boc khit sgi cap quang
(nhu cap dién), giup dé lap dat khi thi cong.

Trén mét sd tai lidu, ban s& gap hai thuat ngt viét tit IFC, OSP.IFC
(Intrafacility fiber cable) 1a loai cap dung trong nha, c¢ it 16p bao vé vat Iy va viéc
thi cong lap dat linh hoat. OSP (Outside plant cable) 1a loai cap dung ngoai troi,
chiu dugc nhiing diéu kién khéc nghiét ctia nhiét do, do am, bui... loai cap nay co
nhiéu 16p bao vé.

6. Két ndi cap
6.1.Suy gidm két noi

Suy hao quang (Optical loss): lugng cong suat quang (optical power) mat trong
sudt qua trinh truyén dan qua cap quang, diém ghép ndi. Ky hiéu dB.

Suy hao phin xa (Optical Return loss): anh sang bi phan xa tai cac diém ghép
ndi, dau ndi quang.

Suy hao tiép xtic (Insertion loss): giam cong suat quang & hai dau ghép ndi. Gia

tri thong thuong tir 0,2dB — 0,5dB.

Suy hao (Attenuation): mirc suy giam cong suat quang trong sudt qua trinh
truyén dan trén mot khoang cach xac dinh. Ky hiéu dB/km. Vi du, véi cap quang
Multimode ¢ budc song 850nm suy giam 3dB/km, trong khi & budc séng 1300nm chi
suy giam 1dB/km. Cap quang Singlemode: suy giam 0,4dB/km & 1310nm, 0,3dB/km &
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1550nm. Pau nbi (connector) suy giam 0,5dB/cip d4u ndi. Piém ghép nbi (splice) suy
giam 0,2 dB/diém.

Buéc séng (Wavelength): 13 chu ky di chuyén cua song dién tir. Ky hiéu nm
(nanometer). Anh sang chung ta nhin thiy dugc c6 wavelength tir 400nm dén 700nm
(mau tim dén mau do). Cap quang st dung anh sing nam trong ving hdng ngoai co
wavelength 16n hon wavelength ma ta nhin thay — trong khoang 850nm, 1300nm va
1550nm. Cac budc séng truyén din quang dugc xac dinh dua trén hai yéu t6 nhim khéc
phuc tinh trang suy hao do ning lugng va vat liéu truyén dan: cac bude séng nim trong
ving hong ngoai va cac budc song khong nam trong ving hap thu, can tré ning luong

anh sang truyén dan (absorption) do tap chét 14n trong cap quang tlr qué trinh san xuat

T ngoyt 400nm

Tim 45%cen

Xanh duong 4900m

% &5
Vieg nhin thily Xarh i 550nm

Viang 580nm

Cam 620nm
04 750nm

Absorption
5 b Mg NgOW BO0AM
(=}
% POF, Multmode bude 300g nohn $50nm
5
5 Vang ding cho
Mulimode, Snglemode 1300nm <3 Quang
burdc sdng dai
850 1300 1550
Singlomode burdc sdng dl 15500m
Wavelength

v

Hinh 5.6: Hinh mo6 ta budc song cap quang
Vay vi sao ching ta khong str dung cac budc song dai hon? Bude soéng hong
ngoai 13 su chuyén tiép gita anh sang va nhiét. Budc séng dai hon, nhiét xung quang
cang nong hon, tin hiéu nhiéu loan nhiéu hon. Do d6, thuong POF c6 budc song 650nm,
850nm. GOF v&i1 Multimode hoat dong ¢ 850nm va 1300nm, Singlemode & 1310nm,
1550nm. Gitra hai budc song 1300nm va 1310nm khong khéc bi€t nhau, chi 1a cach qui

udc dé phan biét st dung cap quang Singlemode hay Multimode.



6.2.Sw két néi

Piu ndi quang: gdm nhiéu thanh phan két hop lai véi nhau, chiing c6 nhiéu kiéu
nhu SC/PC, ST/UPC, FC/APC... Nhung c6 hai thanh phan ban cin quan tim, d6 14 kiéu
dau ndi SC, ST, FC...va diém tiép xtic PC, UPC, APC.SC (subscriber connector), ST
(straight tip), FC (fiber connector) 1a cac kiéu dau ndi quang c6 dang hinh vudng, hinh

tron...

FC I E2000 SC .
ST l ~/ LC ~

Hinh 5.7a: Hinh dau ndi cap quang

6.3.Xi# Iy két néi
Bén trong dau ndi 1a ferrule, giup bao vé va giir thang soi cap quang. Ferrule
duoc 1am bang thay tinh, kim loai, plastic hodc gdm (ceramic) — trong d6 chit liéu gom
14 tbt nht.
Fiber  Ferrule

Ferrule i ;

\d ‘
”.— ———

Hinh 5.7b: Hinh dau ndi cap quang

Dinh cua ferrule dugc lam nhan (polish) véi ba dang diém tiép xtic chinh PC
(Physical Contact), UPC (Ultra Physical Contact) va APC (Angled Physical Contact),

gitip dam bao chd ghép ndi cé it 4nh sang bj mat hodc bi phan xa nhat.
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PC upPC APC

Return loss 4008 Retumn loss 50dB Retum loss 60dB

s i a

Hinh 5.7¢: Hinh dau ndi cap quang

Dang PC duogc vat cong, stt dungvdicac kiéu dau ndi FC, SC, ST. PC, co gia tri
suy hao phan xa (optical return loss) 12 40dB. Vi gia tri nay kha cao, nén da thic day
cac nha san xuét tiép tuc tim kiém céc giai phap tot hon. UPC 1a giai phap tiép theo, no
cling dugc vat cong nhu PC nhung gidm return loss hon. UPC c6 gia tri return loss 50dB.
UPC dung véi cac dau ndi FC, SC, ST, DIN, E2000. APC duoc vat chéo 8 d0, loai bo
hau hét sy phan xa ¢ diém ghép ndi va c6 gia tri return loss 60dB. Ban nén luu y 1a khi
doc cac thong s6 k¥ thuat quang dé cap mirc suy hao c6 thé 1am ban dé hiéu sai vé dau
“+7 va “-”. Chéng han, véi két qua tinh toan, do dac mic do suy hao 1a -40dB. Trén
thong sb ki thuat c6 thé viét gia tri suy hao (loss values) 1a 40dB hoic s6 do mirc phan
xa 13 -40dB hay d6 loi (gain) 1 -40dB. Tt ca déu nhu nhau, do d6 ban can cha y cach
viét dé tranh hiéu sai.

Hién nay, gia thanh cap quang va cac phu kién quang da thap hon so véi cach
nay vai nam. Cung voi viéc ing dung nhiéu giai phap nhu IP Camera, VoIP, Hoi nghi
truyén hinh qua mang, két ndi mang gigabit giita cic tda nha, vin phong, xudng san
XUAL; cap quang dén tré thanh lya chon s6 mét cho viéc trién khai ha téng mang doi héi
nhiéu biang thong va tbc do cao

Viéc han ndi cap quang 13 véc 1am khong thé thiéu khi trién khai mot hé théng
mang cap quang. Nhu cac ban da biét, mot soi cap quang chwra c6 dau nbi ma chi 1a cac
soi cap lam bang soi thuy tinh mong manh nhu sgi toc rat dé gay va khong thé cam vao
thiét bi dé thuc hién viéc két ndi, do vay chung ta phai sir dung day ndi quang - day han
quang dé han vao soi cap roi cam vao hop phdi quang ODF, r6i tir hop phdi quang ODF
dung day nhay quang dé két ndi véi thiét bi quang dién (converter quang, bo chuyén ddi
quang dién,...).

Viéc han ndi cap quang khong thé thuc hién mot cach thu cong, bang tay,... ma

phai c6 may moc chuyén dung 1a may han cap quang mai c6 thé tién hanh han néi. Mg
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bd may han cap quang gdm co6 than may chinh, dao cit chinh xac soi quang, kim tudt
so1 quang, va cac dung cu khac...

Chung t6i c6 day du céac trang thiét bi tot, hién dai, c6 thé trién khai cho quy
khach hang mét cach nhanh nhét.

Cac may moc phuc vu viée han ndi cap quang, do kiém cap quang, xtr 1y diém
dut cap quang gom:

01 May han cép quang Fujikura FSM-60S.

Hinh 5.8: Hinh May han cap quang Fujikura FSM-50S
02 M4ay han cép quang Inno Instrument IFS-10.

Ni1€

NANT THANMN CONG

Hinh 5.9: Hinh May han cap quang Inno Instrument IFS-10
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01 May do OTDR cép quang Yokogawa AQ7275.

Hinh 5.10: Hinh M4y do OTDR cép quang Yokogawa AQ7275
01 May do OTDR céap quang Anritsu MT9083.

© 0000080
'_]o.o

Hinh 5.11: Hinh M4y do OTDR cap quang Anritsu MT9083
01 Bo do suy hao quang (Loss Test Set).

Hinh 5.12: Hinh Bo do suy hao quang (Loss Test Set)
03 But laser kiém tra day nhay quang.

6.4.Xi# ly sw co

Khi cap quang bi dut hay hu hong anh huong dén viée truyén thong tin lién lac,
trao doi thong tin di nude ngoai cua khach hang nhu dich vu web, e-mail, thoai, video...
s& bi anh huong do lwu lwong chuyén sang cac huéng du phong va cé kha ning giy
nghén mang.

Khi sur ¢d cap quang xay ra nhu ¢ tuyén cap quang qudc té AAG (Asia America

gate way 25/10/2012) 1am su truyén dat thong tin giita cac tuyén bi ngimg khong thé
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trao d6i duoc phai chuyén sang huéng dy phong. Khi ta sang huéng du phong sau d6
tién hanh xur 1y kiém tra cap bang cac dung cu & trén dé c6 thé nhan biét cap dut chd
nao, ta tién hanh ndi cap bang cac thiét bj ndi cap chuyén dung, kiém tra cac mdi ndi
cap, cac thiét bi khe cam vé sinh céc hub...
CAC BAI TAP MO RONG, NANG CAO VA GIAI QUYET VAN PE

Cau 1 : Néu tim quang trong clia cap quang trong cong nghiép, trong dan dung va cac
diéu kién gay anh hudng dén duong truyén cap?
Cau 2: Cach khic phuc cac sy ¢b cua duong truyén cap quang,phuong phép ndi cap
quang?Trong cong nghiép hién nay hé thong thiét bi ndo dung cap quang?hiy ké tén?
Yéu ciu vé danh gia két qua hoc tap:
Noi1 dung:
+ V¢ kién thirc:
Trinh bay dugc nguyén 1y cau tao va cac van dé co ban cua cap quang.
+ Vé k¥ nang:
Véan dung duogc kién thuc dé khéc phuc céc su cd xay ra.
+ Thai do: Banh gia phong cach, thai do hoc tap
Chu dong, sang tao va an toan trong qua trinh hoc tap.
Phuong phép:
+ V¢ kién thirc: Pugc danh gia bang hinh thic kiém tra viét
+ V& k¥ niang: Panh gia k¥ niang thyc hanh Mdi sinh vién, hoic méi nhém hoc vién
thyc hién cong viéc theo yéu cau ciia gido vién.Tiéu chi danh gia theo cac nodi dung:

- D6 chinh xéc cua cong viéc

- Thoi gian thuc hién cong viéc

- Do chinh x4c theo yéu cau k§y thuat

+ Thai d6: Ti mi, can than, chinh xac.
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BAI 6: MANG MODBUS
Ma bai: MD CPT 33-06
Gidi thi¢u:

Mang modbus dugc dung rong rai trong cong nghiép, chu yéu dung cho hé théng
lap rap cho cac nha may ché tao xe hoi, xe may, tbc do truyén thong én dinh chi phi lip
mang ciing thap.

Muc tiéu:

- Trinh bay dugc cdu tric mang Modbus

- Xac dinh va xu ly dugc mot s6 van dé don gian

- Chu dong, sang tao va an toan trong qua trinh hoc tap.
Noi dung chinh:
1. Giéi thiéu téong quan

Modbus bt ngudn trong cudi nhitng nim 70 thé ky trude. Nam 1979 khi nha san
xuat PLC Modicon, gid 1a tap doan Schneider Electric's Telemecanique da phat hanh
giao dién truyén thong Modbus cho mang multidrop dua trén kién triac master/client.
Truyén thong gitra caic Modbus node c6 duogc bﬁng cac thong di€p.No6 1a mot chuan mo
ma duoc mo ta béng cAu tric thong diép. Tﬁng vat ly ciia Modbus interface 1a tu do chon
Iwa. Modbus interface ban dau chay trén RS-232, nhung cac thuc hién Modbus sau nhat
ding RS-485 vi né cho phép khoang cach 16n, tdc dd cao va kha ning cia mot mang
multi-drop thuc su. Trong thoi gian ngén hang trdm nha san xuat thuc hién hé théng
thong diép Modbus trong thiét bi ctia ho va Modbus trd thanh chuan defacto cho céac

mang truyén théng cong nghiép.

Modbus/TCP Client

(Any HMI)

Your Nucleus- Enzbled Product

Modbus TCP Servers

(/O Muxes, Barcode Readers, and Your a
Nucleus-based Produdct) y

Hinh 6.1: M6 hinh mang modbus trong cong nghiép
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biéu t6t ciia chuan Modbus 14 su linh hoat, va sy dé thyc hién cua no. Khong chi
cac thiét bi thong minh nhu cac microcontroller, PLC ... ¢6 thé truyén thong véi Modbus,
ma con cac sensor thong minh trang bi Modbus interface giri data ciia ching dén céc
host system. Trong khi Modbus dugc st dung chinh trudc day trén cac duong truyén
thong day dan, cling c6 cac mé rong cho cac chudn truyén thong khong day va cac mang
TCP/IP.Vi thé Modbus tro thanh chuan fieldbus dugc chap nhan rong rii.
2. Cau truc giao thirc Modbus
2.1.Kién triic giao thirc

Giao thirc RTU dugc stir dung serial protocol st dung RS232 hodac RS485

Giao thitc TCP dugc sir Ethernet gom modbus RTU + TCP/IP layer.

Trong md hinh ISO bao gdm 7 16p nhung ddi véi mang modbus c6 3 16p hién
hitu trong n6 d6 1a: 16p ung dung, 16p lién két dir liéu va 16p vat Iy nhu bang sau:

Modbus TCP/IP communication Stack

# Lop Quang trong Giao thuc Reference
7 ung dung Modbus application protocol

6 Lép biéu dién

5 Kiém sot n6i

4 Lép van chuyén

3 Lép mang

2 Lép lién két dir licu Modbus serial line protocol IEEE 802.3
1 [Lopvatly EIA/TIA — 485 (232) ethernet

Béang 6.1: M6 hinh phan 16p trong mang Modbus
Trén cac giao dién don giang gidng RS485hayRS232, cac thong diép Modbus
duogc giri theo dang don gian trén mang. Trong truong hop nay mang duoc dé ting cho
Modbus.Khi cac hé thdng mang linh hoat hon nhuTCP/IP qua ethernet, cic thong diép
Modbus nhu nhung trong cac goéi véi dinh dang can thiét cho giao dién vét 1y.Trong
truong hop d6 Modbus va céc kiéu két ndi khac c6 thé cung ton tai & cung giao dién vat
1y & ciing ltc. Mic du cau trac thong diép Modbus chinh 1a peer-to-peer(ngang hang),

Modbus c6 thé chirc ning thanh ca mang point-to-point va multidrop.
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2.2.Co ché giao tiép

Trong mang modbus c6 cac co ché giao ti€p master/slave.

Céu tric Modbus message

Trwong Mo ta

Device address Dia chi cua receiver

Function code M3 dinh nghia kiéu message

Data Data block vé1 thong tin phu

Error check Gia tri so kiém tra dé kiém tra 16i truyén thong

Bang 6.2: Céu tric tin nhan trong mang Modbus
Mang Modbus 1a co ché giao tiép chu t& tir may tinh cha dén cac thiét bi diéu

khién thong qua 16p lién két dir liéu nhu hinh 6.1

N, =

Thong bao yéu cau tir Master

Dia chi thiét bi Dia chi thiét bi
Ma ham Ma ham
Dir liéu Drr ligu

Kiém soat 161 Kiém soat 16i

Thong bao dap ungtu Slave

Hinh 6.2 co ché giao tiép truyén thong master/slave
2.3.Cdu triic bive dién
Ché d6 truyén dir lidu duoc quy udc gdm 10 bit trong d6 1 start (bit 0) + 8 bit
Data + 1 bit parity (chin/1¢) + 1 bit stop.

Start 0 1 2 3 4 5 G 7 P | Stop

start Address Function Data LRC check end
1 bit 8 bit 8 bit N X bit 16 bit 1 bit
Bang 6.3: Cau tric birc dién - Khung RTU
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3. Céac mi s6 chirc ning
3.1.Dinh chi Modbus

Thong tin dau tién trong mdi Modbus message 14 dia chi ciia receiver. Parameter
nay chira mot byte thong tin.Trong Modbus/ASCIl n6é dugc ma thanh hai ky tu
hexadecimal, trong Modbus/RTU mét byte dugc dung. Céac dia chi hop 1€ trong dai
0..247. Céc gia tri 1..247 dugc gan cho cac thiét bi Modbus cuy thé va 0 duoc dung nhu
dia chi broadcast. Cac Message dugc guri sau s€ dugc nhan boi tat ca slave.Mot slave
ludn dap tmg vé1 mdt Modbus message. Khi dép trng né dung cung dia chi nhu master
trong request d6. Theo cach nay master c6 thé thay device thuc su dap tmg véi request.

Bén trong mot Modbus device, cac holding register, cac input va cac output dugc
gan mot sb gitra 1 va 10000. Mot s& mong doi, rang cung dia chi duoc dung trong céac
Modbus message dé doc hay dat cac gia tri.Rui thay day khong phai 13 trudng hop
nay.Trong cac Modbus message cac dia chi dugc dung véi gia tri gitta 0 va 9999. Néu
ban mudn doc gia tri cua output (coil) 18 vi du, ban phai chi dinh gia tri 17 trong Modbus
query message. Nhiéu bdi réi hon, 1a cho input va cac holding register mot offset phai
duoc trir tir dia chi device dé léy dia chi thich hop dé dit vao Modbus message structure.
Piéu nay dan dén cac 15i pho bién va nén duogc quan tdm khi thiét ké tng dung véi
Modbus. Bang sau trinh bay cac dai dia chi cho céc coil, cac input va cac holding register

va cach dia chi trong Modbus message duoc tinh cho trude dia chi thuc cia item trong

slave device.
Device and Modbus address ranges
Device address Modbus address Description
1...10000" address - 1 Coils (outputs)
10001....20000" address - 10001 Inputs
40001...50000" address - 40001 Holding registers

Bang 6.4: Pia chi c4c thiét bi trong mang Modbus
3.2.Cac ma chirc nang Modbus
Tham s thir hai trong mdi Modbus message 1a m chirc ning.Cai nay dinh nghia

ki€u message va kiéu hanh dong dugc doi héi bdi slave.Tham s6 nay chira mot byte
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thong tin. Trong Modbus/ASCII diéu nay duoc ma véi hai ky tu hexadecimal, trong
Modbus/RTU mot byte duoc dung. Cac ma chirc nang hop 1€ trong khoang 1..255.
Khong phai tit ca Modbus device nhan biét cung tdp ma chirc ning. Cac ma chung nhat
duoc thao ludn ¢ day.

Binh thuong, khi mgt Modbus slave tra v&i dap ing, n6 dung cung ma chirc nang
trong request. Tuy nhién, khi mot error duogc do, bit cao nhét cia mi chirc ning duoc

bat 1én. Theo cach d6 master c6 thé thdy khac biét giita dap ing thanh cong va that bai.

code | name 384 | 484 | 584 | 884 | M84 984
1 Doc trang thai cuon day Y |y |y [y |y Y
2 Poc trang thai dau vao Y |Y |Y |Y |Y Y
3 Doc thanh ghi Hold Y Y Y Y Y
4 Poc thanh ghi dau vao Y |Y |Y |Y |Y Y
5 Tac dong mat coil Y Y Y Y Y Y
6 bat lai mot register Y Y Y Y Y Y
7 Doc trang thai ngoai 1¢ Y Y Y Y Y Y
8 Chuan don Poll

9 Chuong trinh 484 N Y N N N N
10 Tham do 484 N Y N N N N
11 Fetch comm. Event Ctr Y N Y N N Y
12 Fetch comm. Event log Y N Y N N Y
13 Chuong trinh diéu khién Y [N |Y |N N Y
14 Diéu khién poll Y |IN [Y [N [N Y
15 Tac dong nhiéu coil Y |Y |Y |Y |Y Y
16 Dat lai nhiéu register Y Y Y Y Y Y
17 Bao cao slave ID Y Y Y Y Y Y
18 Chuong trinh 848 M84 N N N Y Y N
19 Reset comm.link N N N Y Y N
20 Xung phat doc read N N Y N N Y
21 Xung phét viét write N [N |[Y [N [N Y

Béang 6.5: Bang ma chirc nang trong mang Modbus



