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Voltage Damping Research in Distribution Network of Electric Power System
ThS Nguyén Ngoc Trung
Bai hoc Dién lirc

Tém tit: Chét lugng dién thudmg duge néi dén nhur gici han cho phép vé &0 lich dién 4p, dao dbng dién &p, dang
soéng khéng hinh sin cia &én &p va dong dién, sir méat d6i ximg dién 4p trong lurdi dién ba pha, &0 1éch tin sé. Trong
céc tidu chudn gii han a6 thi gioi han vé dao Idng dién 4p va s6ng hai I3 nhing van A& iém vé chét luong didn cén
awpe quan t&m. Dé tai ndy dupe dira ra 8 tim hidu céc nguyén nhén gly ra dao dbng dién ép, dnh hudng cta nd
dén hé thbng &ién va céc bién phap khic phuc.

Abstract: Electric power quality is known as permissible limitations on deviations of voifage, voltage damping, non-
sine shaped voltage and current, voltage asymmelry in three-phase nelwork, and frequency deviation. Among these
indicators, the limitation of voltage damping and harmonic waves are the largest issues relating fo electric power
quality. As an attempt fo have insight into voltage damping, this thesis is brought out to find out the causes of voltage
damping, ifs effect on electric power sysfem, and the possible countermeasures.

. DAT VAN B2

Dao ddng dién 4p qua mirc anh huréng rat xAu dén hoat d9ng clGa cac thiét bj tidu thy dign ndi vao luéi dién,
d&n chét lvgng san phdm, nhét 12 i v&i cbng nghd gia cdng va k§ thuat vd tuyén dién. Dao ddng dién &p Ion
thudrng din dén dién &p tyt thap, 1am gidm san lvgng trong san xuét... T4t cd nhimg didu 6 din dén thiét hai lén
cho nén kinh t& quéc dan. Phai ndi thém ring nhirng thidt bj &nh séng d3c biét nhay cam véi dao ddng dién ap. Di
véi nhirng nha may diégn & gan phy 1ai dao ddng xung, dao ddng dién 4p qua Iém do ngudn nay gay ra 1udn Ai 86i vai
dao ddng cdng suét o6 thd 1am cho by phan didu chinh tuabin clia may phéat dign phai hoat d6ng lién tyc & ché dd
cding suét d6 va kéo theo tinh trang dao ddng tAn sé. Cac nha cung cp bao gi¢r cling cb géng didu chinh dign ap cép
t6i cac thiét bj str dung viri 46 l&ch £5%. Trong mét thi gian ngén, tidu chudn ANSI C84.1 cho phép dign ap cb thé
& mirc +6 dén -13% clia dién 4p dinh mic. Mot sé tai nhay cam cb giéi han dign 4p chit chd hon theo nguyén tic
hoat ddng, va dwong nhién, cac thiét bi hoat ddng thwréng dat hidu qua cao hon véi dign 4p dinh mire. O day ching
ta ng!;ién ciru vin d& co ban sau khi didu chinh dign &p va céc loai thiét bi thwedng sir dung cb thé gidi quyét dugc
vin & nay.

Il. GIAI QUYET BAI TOAN
I.1-Nguyén tic cua didu chinh Gign 4p

Nguy&n nhan chinh ciia vAn dé didu chinh dién 4p Ia dién 4p gidm qua thép khi phy tai ting cao va qua ap khi
tai gidm qua thép. Didu chinh dién ap 13 qua trinh thay dbi dign 4p tai cAc didm d3c treng coa hé théng dién nhér cac
phuong tisn ki thust d&c bigt. Cac phuong phép thwéng sir dung dé didu chinh disn ap hé théng 1a:

- B4t mot bd ty ré nhanh & gidm déng dign.

- Thay aity sb bin 4p clia cic méy bidn 4p o b du chinh &8n 4p &2 thay 64 gid i i 4p.

- Thay day dn tiét dién 1én hon 3 gidm tré khang .

- £t mit s logi bl cdng st phdn khding ddng, loai hoat ding gidng mdt b ty 98 thay aditi.

- Méc ty ndi tiép a& gidm tr& khang cam ng.
I1.2-Dao ddng dién &p trong heéi dién, nguyén nhan vy khic phyc 38 ning cao chét lugng dién

Dao ddng dién &p trong lwdi dién do nhidu nguy&n nhén, nguyén nhan cb thd do cac phy tdi tidu thy dign, ¢ing
cb thd do ngudn dién gay ra, nhirng nguyén nhan chl yéu van 13 cac phy t3i dién ndi vao Irdi dign. Nhirng phy tai
néi vao lwdi dién gy ra dao ddng dién ap rat da dang va cd cdng suét tir nhd cho dén rét véi cac dic tinh khac
nhau, thi dy phy tai clia méay han dién, ddng co dign clia cac may can kim loai, cac 1o diégn hd quang, nhirng bd chinh
fru van i&én c6 didu chinh d& clp dién cho truydn ddng
chinh clia may can kim loai. D& c6 céc bién phép han ché v
dao ddng dién ap, cAn phai tim ra nhirng yéu té co ban gay —
nén hién trgng dao ddng dién ap d6. Vige tinh toan 8 thiét LR
lap cdng thirc thd hign cac yéu t8 co ban trén rét cAn thiét L
@3 1am co s& cho nhizng gidi phap haru hiéu vé kinh té — ky
thust.

B3 dao ddng dién ap duwrgc xac dinh theo mirc bién
thién ién nhit clia dign ap lwdi & didm cin xét trong mot U,
gidy adng hd ky higu |a SU( hinh 1) va c6 thé bidu dién bing N
céc bidu thire sau:

=1.Xe

Hinh 1: Gifn &8 vécto tai dao dOng I dign
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8U =AU, - AU, = X(+3.1,.sing, —31,.sing, ) ()
Trong a6 céc chi sb ti, 12 12 hai thdi didm cb mirc dao dong dién 4p Ién nhét trong khodng 1 gidy & didm cin
xét (diém cip dién).
2

U
Biét rAng X = : 2. Ugla dién 4p ngudn; Sam 1a cdng sust ngén mach clia lwdi & diém cin xét,

Néu thay Uo bing dién &p dinh murc Uam cla Irdi dién va dign ap Uy & thei didm ty, dién dp Up & ther didm t,
tai %iém cAn xét, bidu thirc gAn dung clia 3U nhw sau:
U
Sl.

U =

U
.(ﬁUqusincpa - \EUHI“sin(pll ) = S o AQ (2)
AQ: 12 46 bién thién céng suét phan khang cla phy tai dac ddng trong khodng théi gian 1 giay.

Néu tinh 30 dao d&ng dién 4p trong ddi theo % clia dién &p dinh mirc, ¢b thd ding cong thire sau:

SU%) = QQ

100% 3

Trong d6: AQ (kKVAr) va Sa.m (kVA).

Cong thirc (3) hién nay dang dugc dung & nhidu nwédc dé xét dao Adng dién 4p trong iwdi dién do ngudn phy
tai dao ddng va tim ra nhimg bién phap thich hop a4 han ché chung.

Can cir vao cbng thirc (3) thdy ring 48 dao ddng didn 4p ty I8 thuln vdi lwgng bién thign cla cong sudt phan
khang tidu thy va ty 18 nghich v&i coing suét ngén mach & diém cip dién cla ludi dign. Do d6 muén han ché a4 dao
ddng dién ap phai co bién phap gidm lugng bién thién cdng suat phén khang ma ludi dién dua dén didm cip dign
va cdng suét ngén mach cia heéi dign & diém cip dién phai c6 tr sb 16n hosic cao hon yéu cAu. DAy 1a vin a& nhidu
khi gidi quyét kha khé khan, lién quan dén didm cap dign cha luéi dign, quy méd cdng suét cia thiét bj c6 phy tai dao
ddng so v&i cdng suét ngdn mach cla Iwdi dign. NhOng yéu té d6 cb nhirng rang budc nhét dinh gita ledi dign va
phy t3i va nhiéu khi lam dao 16n ca mot chi chirong 16n vé kinh té khi bign phap ky thust khé cb kha naing thiec hign.
Thi du xay dgng médt nha may luyén kim cb céc 16 dién hd quang ¢ I&n & noi ma lwdi dién c6 cdng suét ngén mach
nho tai didm cAp dién ching han...

D4 thiy durgc nhirng bidn ddng v& cdng suét tac dung P, cng sult phan khang Q va hé sb cang suét cose,
thay dugc hét y nghia clia odng thirc (3) xin gidi thiéu gidn dd cac dwréng cong dic tinh tai dao ddng ca 1 16 dign hd
quang (Hinh 2) .Phuy tai 16 didn hd quang khac vdi phuy tii ddng co dign & chd: déi voi dbng co dign, khi dién &p ludi
giam thi ddng co dién tiéu thy déng dign tir luéi cAp ién hon 84 ddm bdo mdmen theo yéu clu clia phy tai cor, con
abi v&i 16 dign hd quang thi khi dién ap gidm, cong sult gidm xudng. Vi mot hé sé cong sult nhat dinh, khi dién ap
giam 10%, cOng suét vao clia lo dign hd quang s& gidm 20%. Lo dién hd quang 14 mét thiét bi tidu thy cong sudt
phan khang kha 16n. D& co hd quang 8n dinh, hé sé cdng suét thuéing phai ¢b tri sb tir 0,7 dén 0,8. Khi d6 diém lam
vidc higu qua nhéat cia 10 tring hodic gin tring v&i dinh cbng suit tc dung. Céng sudt phan khang gay nén dién &p
roi v& phia so cép cia bién ap 10. Dién 4p van hanh phia so cip
may bién &p 16 c6 thd bidu thj barg cdng thirc gAn dung sau:

a 4
Ul Uu[l Sm 4)

Trong aé:
U: — &ign ap van hanh cb tai & phia so cAp clia may bién 4p A

Up - dién ap khong tai & phia so cAp clia may bién 4p 1o, a0
Quu — Cdng suét phan khang cla 16 (Quu = 31°X). Trong d6 X y /
la dién khang a4 tinh adi vé phia so cp, bao gdm ca dién khing /
cha may bién 4p 1 va | 1A dong dién day.
‘ Qi — Cdng suét phan khang cla Iudi clp dién do phy tdi Id
géy ra.

Swm - Cong suit ngén mach clia wrdi dign tai noi méay bién 4p
16 ndi vao.

in

Hinh.2: Dudmg cong d¥ic tinh tdi dao ddng
ctla 16 dién.

0,5
Q—”*;--QL- thi cdng thirc (4) c6 th vidt: Uy~ KUo

M

Néu aat K =1—
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Cong sudt tac dung ciing cé thé biéu didn theo cang thirc: P= 1/(KS(,)2 -Qi, (5)

Trong a6 So 14 cdng sult toan phiin cho phép clia may bién &p id khi 16 ndu chiy.

Qua céc cdng thirc trén ching ta thdy ring dién 4p van hanh & phia so cAp cla may bién 4p 16 dién hd quang
va cbng suét t4c dyng ma 1) tidu thy 3& dam bdo san Irgng mong mubn déu phy thudc vao cdng suét phan khang
' -cla I phai cung cdp va hg sb K.
| Phai néi thém 12 trong hé sé K, Iuvgng cdng suét phdn khang Qi thyre ra ciing 1A do phan I1én csng suét phan
khéng Qun clia 16 tao nén,

Khi I dign hd quang dang van hanh, &idn 4p Uy bi dao ddng dir ddi va ob trj sb thap. Mudn &n dinh va ting cuémg dign

din 8én 13 tai ddy odng suét tac dyng, durong nhign phai ding nhiimg bign phéap thich hop.
| Khi 16 tai dAy vAn co hé sb K<1, he sb K cang tang gin t4i 1 cang tét.
Cac bign phap hiru hidu nhim nang cao hé sb K, mang lai mdt y nghia 1én. Néu K = 1 thi UslUg va cong suét

16 phdn (rng v&i san legng lon sé 1a: P~ JSQZ -Qi,

Bién phap hiru hiéu nhét aé gitr 4n dinn va nAng cao dién 4p phia so cAp clia may bién 4p 16 1a sir dung hé
théng ty didn co thyristor didu khién (SVC- StaticVarCompensator- hinh 3). H& théng ty dién cb thyristor diéu khién
ndy o thd phdi hop véi mot bd ty dign khac, ndi cd dinh vao ludi aé cing hoat ddng. Theo céach nay, bd ty dién ndi
cb dinh s& tham gia mdt phin vao viéc hiéu chinh hé sb cdng suit, khién quy mé trang bi clia hé théng ty dién b
thyristor didu khién duwgc gidm bét mdt cach hop Y.

SVC |a thiét bj bl ngang dung dé thay dbi cdng sult phan khang trén lwdi, c6 thd didu chinh bing cach tang
hay gidm goc mé& ciia thyristor, duec 1 hep tir hai thanh phan co ban:

- Thanh phdn cam khang a8 tac dong v& mit cong sult phan khang (cb thé phat hay tiéu thy céng suét phan
khang tuy theo ché 3 van hanh).

- Thanh phan didu khién bao gm céc thiét bj dién tr nhw thyristor, cac clra dong mé& (GTO - Gate tum off)...

U

(A) on
& \ ’

_]__ L Ie

TSR TCR 8¢ Biép_dé hogt dong

Hinh 3: Chu tao vé nguyén Iy hoat ®ng cla SVC
Sir dung SVC duoe chu tao tir 3 phin tie chinh bao gdm:

- Khang didu chinh bing thyristor - TCR (Thyristor Controlled Reactor): ¢ chirc nang didu chinh lién tyc
¢dng sult phan khang tidu thy.

- Khang @6ng mé bing thyristor - TSR (Thyristor Switched Reactor): ¢d chirc ning tidu thy cdng suit phan
khéng, d6ng cét nhanh bing thyristor.

- BY ty d6ng mé& bing thyristor - TSC (Thyristor Switched Capacitor): ¢6 chirc ning phat cdng suét phan
khang, 86ng cit nhanh bang thyristor.

Sir dung SVC cho phép nang cao khad nang ti clia dwdng ddy mét cach dang k& ma khdng cAn dung dén
nhimg phuong tign didu khidn d3c bigt va phirc tap trong vén hanh. Céc chirc nang chinh cia SVC bao gdm:

- Didu khidn dién ap tai nit c6 a4t SVC c6 thé cd dinh gia tri dién ap bao gam: Didu khién trao ru cdng suét
phan khang tai nit dugc bi,giéi han thei gian va curdmg dd qua dign 4p khi xdy ra sy cb (mét tai, ngén mach..) trong
h& théng dign.tang curdmg tinh &n dinh cla hé théng dién,gidm sy dao ddng cong sult khi xdy ra sy cb trong hé
thdng dign nhuwr ngén mach, mét tai 6ot ngdt...

Ngoai ra, SVC cdn ¢b cac chirc ning phy mang lai higu qua kha tét cho qua trinh v&n hanh hé théng dién nhu:
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- Lam gidm t&n thét, gidm nguy co syt &p trong dn dinh finh.

- Tang cwéng kha nang truyén tai cla dirdng day, gidm géc lam viéc 3 lam ting cuwréng kha nang van hanh
cla duéng day.

Trong hinh 4,5 duwéng bidu didn ghi lai tinh trang déng dién va dién &p van hanh phia so cAp may bién ap nbi
vao thanh cai 22kV & cac ché 8 khéac nhau khi cd 14p hé théng ty dién cb thyristor didu khidn. Khi khdng bl dién ap
giam tir 22 kV xudng con 19,8 kV. Lic d6, 1d hoat ddng & dong dién dinh mirc (déng dién qua dién cuc 13 B60kA) vai
cbng sudt tac dyng dAu vao ciia 1d 1a 29MW, hé sb cose 1a 0,73. Tinh trang dién ap duwoc thd hign & doan b trong
hinh 5. Khi c6 bu do thyristor ndi ty dién vao thanh cai nén dién 4p tang I8n 21,5kV véi cdng suét tang 18n khodng
36MW va hé sb cosg Ia 0,99. Thai gian ndu chiy kim loai gidm 13,5%. Két qua cho thy riing dao ddng dién ap tai
chc thanh cai 22kV va 0,4kV clia cac didm khdo sat tneéc khi thye hign gidi phap thi dao ddng kha manh trong
khodng 9% - 10% do sy dao d9ng cdng sult phan khang clia 1 hd quang. Gidi phap a8 gidi quyét van d& nay 13 sir
dung thiét bj bu tinh c6 didu khién SVC. Vé&i dung Irgng ciia bd SVC khodng 10MVAR 1a co thé gidm mirc dao déng
trén cac thanh cai 22kV va 0,4kV cla cac diém khao sat con tir 1% - 2%. Téng 4% méo didn ap tai cac didm xem xét
ddu ndm trong gi&i han cho phép. DO méo cac thanh phdn séng hai dién 4p tai cac didm xem xét ddu ndm trong gidi
han theo tiéu chudn IEC 61000-2-4. Didu nay cho thay giai phap khic phyc a4 gidi quyét dugc mdt cach co ban tinh
trang hoat déng khdng &n dinh clia phy tai nhay cdm. Tuy vy, gidi phap nay cling khéng gidi quyét mdt cach triét a&
vé mt dao ddng dién Ap adi véi cac phy tai 1an can dAu chung thanh céi cip dién cla phy tai luyén thép.

(7] [ Y] Y] oF T ) ) ) M e

o
S gt b v

Hinh 5: Bidu 88 dién 4p phia s cAp méy bidn ép nbi véo thanh céi 22kV & céc ché 80 vén hanh c6 Iip hé thdng tu dién co thyristor
cidu khidn

Gi¢i han 49 méo dién ap trong cac nha may cAng nghiép theo tidu chun IEC 61000-2-4

Hai bdi 3 Hai bac 18 Hai bac chan
h %Vh h %Vh h %Vh
3 5 5 6 2 2
9 1.5 7 5 4 1
15 0.3 1 a5 6 0.5
221 0.2 13 3 8 0.5
17 2 10 0.5
19 1.5 z12 0.2
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Bidu a3 so sanh dd méo clia cac thanh phan hai dién 4p vé&i gia trj giéi han theo tiéu chudn IEC 61000-2-4
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M. KET LUAN VA KIEN NGH}
* Két ludn.

Déng digén hai va sir dao dng dign 4p clia wrdi dién cb cac xi nghiép luyén thép thi phy thudc rat nhidu vao
sy [am vigc cia Ib hd quang.

-Khong chi cb dong dién hai do van hanh cac 16 hd quang gay ra dd méo dign ap d8i véi hé théng dign, ma
cAc phy tai khac cling nhir tdng tré hé théng cling 12 ngudn gbc gay nén méo dang dién ap.

Anh hudmng dén 49 méo dién 4p clia dong dién hai do céc xI nghigp luyén thép 86i vai ludi dign qua do dac
cho théy 13 it ma chi yéu 13 gay ra sy dao ddng nhanh dién ap cho céc phu 1ai khéc.

Khi khong bl cdng suét phan khang, thi cic xi nghiép luyén thép gay ra céc dao ddng didn 4p anh hudng
khé chiu dén cac phy tai trong cling khu vyre.

* Kién nghj

CAn nghién ciru md rdng dé tim mdt gidi phap khdc phyc triét dé hon dong dign hai va chép nhay dién ap
cling nhwr siy &nh hwéng cua 16 hd quang 3bi véi ludi dién khu céng nghigp so véi gidi phap dang thyc hién,
vi dy nhur cdp dién cho phy tai luyén thép bang mot tram 110kV riéng, ho#c tang cao cdng suét ngén mach
tai didm adu ndi 16, hodc str dyng cbng nghé bl SVC.

D4 tranh vAn d& séng hai do cdng hudng, gay nén sy méo dang dign Ap, cAn xem xét bé tri lai cac didm ty
bu didu chinh he sb cong suét va nang cac dién 4p hién cb trong lréi dign khu cdng nghiép, cac viee ibp
méi cAndurgc xem xét mdt cach kT cang hon vé mit anh hudng clia cac séng hai.

Céac md hinh dirgc d& nghj 38 khdo sat cic qua trinh qua a9 trong cac didu kidn 1am vide khac nhau cia
tram ty bi, c&c két qua nhén duge tir viéc md phdng chi tiét cb thé giap ngudi van hanh, thiét ké iusi dign
cé céc co s& cAn thiét trong viéc lra chon dinh mirc va mirc 49 cach dign co ban (BIL = basic insulation
level) clia cac may cét phi hgp khi thiét ké cac tram ty, cling nhw lira chon céc bign phap thich hgp nhdm
gidm thidu céc tac ddng xAu cla vigc ddng cét tram ty nhur déi véi phy tai (cudn khang néi tiép trén mach
cla PWM ASD) hay @5i v&i leéi (dign trd han ché dong cho tram ty bl c6 cdng suét khéng 1én, ky thust
déng ddng bd cho tram ty b c6 cdng sult 1én) hay cac chéng sét thich hep bdo vé qua dign 4p. Cac két
qua vd nghién ciru dang séng qua a4 nay ciing |1a buwédc dlu cho céc nghidn clru ap dung céc k§ thuat xdr ly
sd c4c tin hiéu trong vigc phan tich, nhan dang, phat hién si cb qua dign 4p do dong cit trén lwéi dign trong
twong lai.

Hanoi, December - 2006



