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Bai Nghién ciiu

Phuong phap danh gia dé tin cdy ctia hé théng pin luu trit nang
luong ABESS c6 xem xét dén su anh hudng cta cac hién tuong dao
ddng xuat hién trong qua trinh van hanh
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TOM TAT

Cac nguodn phat dién phan tan trong ludi dién Microgrid (MG) ngay nay hau hét déu tan dung
nang lugng téi tao ti thién nhién, chdng han nhu buc xa mat trdi, gio, thay triéu, v.v. ... Theo do,
hé théng pin luu trir nang lugng (ABESS) sé dugc trién khai d€ phdi hop diéu khién nham dam bao
tinh &n dinh cling nhu @6 tin cay cla ludi dién MG. N6i mot cach khac, hé théng ABESS sé dam
nhan nhiém vu kiém soat va can bang cdng suét gitra nguén-tai dé ludi dién MG co thé van hanh
véi d6 6n dinh va tin cdy cao nhat. D& mo t& su &nh hudng, tdm quan trong ctia hé théng ABESS
trong ludi dién MG, viéc danh gia dé tin cay trong qua trinh van hanh ctia hé théng ABESS sé dugc
gidi thiéu trong nghién clu nay. Theo do, cac tac gid sé dé xudt gidi phap dé thuc hién danh gia
tinh trang hoat déng clia hé théng ABESS trong cac trudng hgp dao dong van hanh khac nhau.
Cu thé han, nghién ctiu st dung phuong phap phan tich dua trén moé hinh Markov @€ danh gié
do tin cay trong qua trinh van hanh clia toan b hé théng ABESS. Tuy thudc vao cac trudng hop
dao dong van hanh khac nhau gitia ludi dién MG véi hé théng ABESS va cac hé théng pin quang
dién (PV), két qua vé tan suat hu hong clia hé théng ABESS sé khac nhau. Cac két qua moé phong
sé duac trinh bay, dién giai va cho thdy rang do tin cay hoat déng clia hé théng ABESS sé bj anh
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hudng déng ké khi xudt hién cac hién tuong dao déng dién &p va tén thit cong suét.
Tukhoa: Banh gia do tin cay, hé théng pin luu trir nang luong, Microgrid, tan sudt hu hong

TONG QUAN

Céc két qua nghién ctiulién quan dén viéc danh gia do
tin cdy ctia hé thong pin luu trit nang lugng (Aggre-
gate Battery Energy Storage System — ABESS) da dugc
cong bé trong cac nghién ctiu trude day =17, Nghién
ctiu! trinh bay mé hinh danh gia do tin cdy ctia hé
thong ABESS dua vao tinh trang stic khde cua cac té
bao pin, von 1a mét ham phu thudc vao chu ky nap/xa
thit i ctia cdc mo-dun pin, s6 14n pin thyc hién nap/xa,
dung lugng ban d4u ctia pin va thai gian duy tri cta
chu ky thd i. Tuy nhién, nghién ctiu nay chi tap trung
danh gia d6 tin ciy cic md-dun pin va cic mo-dun
chuyén d6i ning lugng & nhiéu dang ciu tric khéc
nhau ctia hé théng ABESS. Bén canh viéc xem xét
céu truc lién két, viéc nghién ctu nhiing anh hudng
ctia hién tugng dao dong dén hiéu suit tin cdy cltia hé
thong ABESS 1 cin thiét. Cac nghién ctiu ciia Hu va
cdng su (2009), Bagen va Billinton (2005) dé cap dén
nhiing nd lyc ctia cac tac gid trong viéc danh gid d¢ tin
cdy cta hé thong dién gio c6 tich hgp hé thong luu trit
ning lugng?3. O nghién ctiu ctia Bakirtzis (1992)4,
phuong phép xdc sudt dugc dé xudt d€ danh gia do

tin cdy cta riéng mot hé thong dién gié va khong dé
cép dén hé thong ABESS. Nghién ctiu cia Manenti va
cong su (2011), Jin va cong su (2012) trinh bay nhiing
phan tich vé d¢ tin ciy ctia cic diy pin hgp bo >0,
Theo d6, n6i dung dé cap trong hai nghién ctiu nay chi
tap trung chu yéu vao cic dang cdu hinh va cau trac du
phong khac nhau khi lién két cac day pin thanh mot
b hoan chinh. Nhin chung, s6 lugng céc cong trinh
nghién ctu lién quan dén viéc danh gia 4o tin cay
clia cdc thanh phén quan trong (ching han nhu day
pin hgp bd, bo chuyén d6i, cdu hinh lién két cac day
pin, v.v...) trong hé théng ABESS c6 xem xét dén hién
tugng dao dong trong qud trinh van hanh la khong
nhiéu. C6 thé thiy ring, cdic mo hinh dénh gié 4o tin
cdy ctia cdc mo-dun pin, bd chuyén ddi cong sut, cac
céu hinh va thiét bi bao vé déu quan trong khi thuc
hién danh gia d¢ tin cdy cta hé thong ABESS, dic biét
la trong diéu kién van hanh c6 xuét hién dao dong.
Trong nghién ctiu clia Chen va cong sy (2016)7, mot
hé théng pin luu tri nang lugng di dong (Mobile Bat-
tery Energy Storage System — MBESS) dugc st dung
dé nang cao do tin cdy cung ting dién trong qua trinh
van hanh luéi dién phan phéi. Véi mot t6 hgp cac
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phuong phép dugc nhém tic gia dé xuit dé thuc hién
danh gid d¢ tin cdy cta ludi dién khi xuét hién nhiéu
hé thong MBESS cung v6i MG. Phuong phap phan
tich Markov dugc dp dung trong nghién ctiu nay dé
danh gid do tin ciy hoat dong ctia hé théng MBESS.
Tuy nhién, cic md-dun chuyén d6i cong suét ciing véi
cac cdu tric lién két khic nhau ctia hé thong MBESS
chua dugc phén tich trong nghién ctiu trén. Tai cac
nghién ctiu khac®19, viéc danh gia d¢ tin cay ctia lusi
dién phan phéi dugc thuc hién mdt cach toan dién
do c6 xem xét dén su tham gia ctia cdc hé thong phat
dién gi6 (Wind Turbine Generation System - WTGS),
hé thong luu tri ndng lugng (Energy Storage System
- ESS) va hé thong nguén quang dién (Photovoltaic
Generation System — PVS). Theo d6, phuong phap
phén tich Markov da dugc dé xuit 4p dung d€ danh
gid do tin cdy cha cac thanh phan chinh trong cac
hé thong phat st dung cong nghé tdi tao ning lugng
(Renewable Energy System — RES) va hé thong ESS.
Tuy nhién, viéc xac dinh tin sudt hong hoc va stia
chiia ctia cac thanh phén chinh trong hé théng phat
st dung céng nghé tdi tao nidng luong va hé théng ESS
chua xem xét dén cac hién tugng dao dong trong van
hanh. Diéu nay cho thdy ring tin sudt hong hoc va
stia chiia ctia cdc thanh phén chinh trong hé thong
WTGS, ESS va PVS chi phu thuc vao thoi gian st
dung 12, Trong nghién cdu clia Priyanka va cong
sy (2014) 13, mot mo hinh x4c sudt méi ctia hé théng
ABESS dugc dé xudt dé thuc hién ky thuat phén tich
cho viéc dédnh gid d¢ tin cdy cua ludi dién Microgrid
(MG) c6 tich hgp hé thong RES va hé thong BESS. Mo
hinh nay téng hgp nhiéu trang théi nap cta pin va xac
sudt ing v4i tling trang thai; tuy nhién, chua tach bach
trong viéc danh gia do tin cdy cia hé thong RES va hé
thong ABESS.

Theo nghién ctiu ctia Sandelic va cong su (2019) 14
viéc dénh gid do tin cdy cia mot hé thong c6 két hop
c6ng nghé ngudn phat PVS va ABESS (hé thong PVS-
ABESS) da cung cdp nhiing thong tin c6 gid tri vé sy
anh hudng ctia cac thong s6 dién va nhiét d) trong qua
trinh van hanh dén d6 tin c4y ctia hé thong PVS-BESS.
Tuy nhién, cdc phén tt dugc lya chon d€ dénh gid
do tin cdy chi gom nhiing thiét bi chinh nhu thiét bi
chuyén mach, bo chuyén d6i DC-DC va inverter DC-
AC. Ngoai ra, nhiing anh huéng dén tan sudt hong
héc duya trén thoi gian - TDFR (Time-dependent Fail-
ure Rate) di qua st dung ctia cac hién tugng dao
dong xuit hién trong qua trinh van hanh doi véi hé
thong PVS-ABESS chua dugc d€ cap mot cach chi tiét.
Trong cic nghién ciu cia Zhao va cong sy '>16, cac
mo hinh dénh gid d¢ tin cay dugc phét trién d€ danh
gia nhiing uu diém ctia hé thong WTGS va ESS trong
mot mang dién. Theo d6, phuong phap mé phong
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Monte Carlo - MCS (Monte Carlo Simulation) duoc
ap dung vao cac kich ban vin hanh dong khac nhau
ctia hé thong WTGS va ESS dé€ danh gid do tin cay
van hanh 6 mtic d hé thong. Escaleraa va cong su
trinh bay mot ky thuét phan tich méi d€ 4p dung cho
viéc danh gid do tin cdy ctia ludi dién phén phoi thong
qua viéc danh gid d¢ tin cay ctia hé théng ABESS 17,
Cu thé€ hon, ky thuét nay stii dung mé hinh phan phéi
x4c sult ctia bd pin tich trit ning lugng dé€ danh gid
qué trinh nap, xa trong diéu kién van hanh su ¢6 va
van hanh binh thudng.

Tu viéc tham khao cac tai liéu nghién ctu lién quan
dén danh gia d¢ tin cdy cua hé thdng ABESS, moét s&
nhan dinh cé thé dugc rut ra nhu sau: (i) Viéc ddnh
gid dg tin cdy cdc thanh phdn chinh ciia mgt hé thong
ABESS trong ludi dién MG trong diéu kién vin hanh cé
dao déng la hoan toan cdn thiét (cc hién tugng dao
dong trong ludi dién c6 thé xuat phat tif cac nguyén
nhén sau: thay d6i cong sut tai, hoat dong gian doan
vakhong 6n dinh ctia hé thong RES, tinh trang nap/xa
ctia hé thong ABESS khi vén hanh & ché d6 hoa luéi
va tach luéi); (ii) Phuong phdp phan tich da trén cdc
mo hinh Markov thudng dugc dp dung dé ddnh gia do
tin cdy cho hé thong ABESS; va (iii) Tinh cdp thiét ctia
viéc xdc dinh tdn sudt hong héc, siia chita ciia cdc thanh
phdn chinh trong hé thong ABESS tity thudc vao do dao
dong dién dp trong sudt thoi gian van hanh.

Khai quat lai, nghién cttu nay sé dé xudt mot phuong
phép dung d€ danh gid d¢ tin ciy hoat dong ctia hé
thong ABESS mot cach c6 hé thong va c6 xem xét dén
cac hién tugng dao dong van hanh khac nhau. Viéc
phan tich d¢ tin cdy ctia hé thdng ABESS sé dugc thuc
hién trong mot ludi dién MG c6 tich hop hé théng
PVS. Céc kich ban ngiu nhién mé phong hién tugng
dao dong ctia hé thong PVS va hé thong ABESS trong
luéi dién MG dugc nhém tac gia thiét ké va mo phong
bang phan mém PSCAD. Bén canh d¢, phuong phap
phén tich Markov sé dugc stt dung d€ danh gid do tin
céy ctia toan b hé thong ABESS trong luéi dién MG.
Céc két qua md phong sé dugc trinh bay, dién giai
va cho thdy ring d¢ tin ciy hoat dong ctia hé théng
ABESS sé bj anh hudng déng ké khi xuat hién cic hién
tugng dao dong dién ap.

Cac phan con lai ctia nghién ctiu nay dugc trinh bay
theo b6 cuc nhu sau: Phin Phuong phdp phdn tich
do tin cdy hoat dong ciia hé thong ABESS trinh bay
phuong phap phan tich d¢ tin cdy cta toan bo hé
thong ABESS dya trén mé hinh Markov. Mot mo
hinh m6 phong luéi dién MG véi hé thong ABESS va
hé théng PVS dugc dé cip trong phan Mé hinh va cdc
kich bdn mé phéng cdc hién tugng dao dong trong
vdn hanh cia mot ludi dién Microgrid tich hgp hé
thong ABESS va hé théng PVS. Két qua kiém tra do
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tin ciy ctia hé thong ABESS sé dugc phén tich, thao
ludn trong phin Két qud thii nghiém viéc ddnh gid
do tin cdy cila hé thong ABESS va thdo ludgn, va cudi
cung 1a phan Két lugn.

PHUONG PHAP PHAN TiCH PO TIN
CAY HOAT DONG CUA HE THONG
ABESS

S0 d6 tdng quan ctia hé thdng ABESS tich hop vao ludi
dién MG dugc mo ta trude khi thuc hién viéc danh
gid do tin cdy. Nhu minh hoa trong Hinh 1, m¢t hé
théng pin luu tri ning lugng ABESS bao gom nhiéu
day pin két néi song song véi nhau. Méi day pin duge
két ndi v6i bo chuyén ddi DC-DC dé kiém soat qué
trinh nap va xa cta pin. Ngo ra ctia cac by chuyén
d6i DC-DC dugc két néi véi mot thanh cai DC chung
dé cung cép ngudn cho phu tai DC va d€ chia sé cong
sudt v6i nhau. Tiép theo, cac inverter DC-AC dugc
két n6i v6i thanh cai DC dé€ ti€p tuc chu trinh chuyén
d6i ngudn DC thanh nguén AC trudce khi cdp ngudn
nuoi phu tdi AC ciing nhu hoa vao luéi dién MG. Cac
cu chi DC dugc st dung d€ bao vé cac thanh phén
chinh phia DC ctia hé thong ABESS, gém cac day pin
va cdc bd chuyén ddi DC-DC. Cac CB dugc st dung
dé bao vé phia AC ctia hé théng ABESS, cu thé 1a cac
Inverter va phu tai AC. Ngoai ra, phia AC ctia hé thong
ABESS la hé théng dién xoay chiéu ba pha.

C6 thé thdy trong Hinh 1, hé thong ABESS c6 hai
thanh cai DC va AC chung. Do d6, viéc danh gia do
tin cdy ¢ mic d6 hé thong sé dugc nhom phan chia
thanh hai hé théng nho (ranh gi6i d€ phéin chia hé
théng dugc chon la thanh céi DC) d€ thuc hién danh
gid do tin cdy. Cu thé, hé théng DC sé bao gom cac day
pin, cc cdu chi DC va cdc bo chuyén d6i DC-DC hai
chiéu. Déi véi hé thong AC, cac phan ti duge danh
gid sé gém chiia cac cau chi DC con lai, cac inverter
DC-AC va céc CB.

Dua vao Hinh 1, cic tac gia sé duing phuong phép hai
budc d€ danh gid do tin cdy cua toan bo hé thong
ABESS. Pau tién, mot mé hinh do tin cdy cta tling
thanh phén trong hé thong ABESS dugc phén tich
va tham s6 hoa. Sau d6, viéc danh gid do tin ciy &
cp d hé théng sé dugc thyc hién bing phuong phép
Markov. Nhu di dé cap chi tiét tai cac tai liéu 1821, vé
c6 ban, phuong phap Markov dugc dung d€ mé hinh
nhiing thay d6i ngdu nhién ctia mot hé théng nao do.
Phuong phép nay dugc dung d€ dinh gia trang théi
trong tuong lai bang cach chi dya trén céc sy kién dién
ra trudc do.

Gia dinh X;, Xp, X3,... 1a cdc bién ngau nhién. Tép
tat ca cdc gid tri c6 thé c6 ctia cic bién nay dugc goi
12 khong gian trang thdi S, gid tri cia X, 13 trang thai

clia qué trinh tai thoi diém n. Néu viée xac dinh (dy
doédn) phéan b6 x4c sudt c¢b diéu kién cta X, khi cho
biét cac trang thdi qud khit 1a mot ham chi phu thudc
X, thi:

(Xn+1 ZX‘XQ, X17 X2,..., Xn) = P(Xn+1 :x\Xn)

Trong d6, x 1a mot trang thai nao dé cta qud trinh.
Mot cach don gian d€ hinh dung mot ki€u chudi
Markov nhu sau: Néu hé & trang théi y tai thoi diém
n thi xdc suét ma hé sé chuyén t6i trang thai x tai thoi
diém n+1 khong phu thudc vao gid tri ctia thoi diém
n ma chi phu thudc vao trang thai hién tai y. Do do,
tai thoi diém n bat ky, mot budc chuyén trang thai
Markov c6 thé dugc biéu dién bang mot ma tran xac
sudt, trong d6 phén tu x, y c6 gid tri bang P(X,,+1 =
x| X = y) va doc 1ap vdi chi s6 thoi gian n (nghia la dé
xac dinh trang thdi ké tiép chi can quan tAm trang thai
& thoi diém do).

Phuong phap xac dinh tan suit hu héng,
stia chita cda tiing thanh phan trong hé
théng ABESS

Dé thuyc hién viéc xac dinh tan sudt hu hong cta ting
thanh phén trong hé thong ABESS, nhém tac gia da
stt dung cdc phuong trinh thuc nghiém dugc trinh
bay chi tiét tai tai liéu FIDES Group (2009)%2. Trong
tai liéu nay, cac phuong trinh thuc nghiém chinh lién
quan dén viéc tinh todn tin sudt hu hong cta cac mo-
dun pin, cdc bo chuyén d6i DC-DC, inverter DC-AC,
thiét bi bao vé, thiét bi chuyén mach dién tii cong sudt,
diode, tu dién va cudn cam sé dugc trinh bay trong
muc nay.

Tdn sudt hu héng cta cdc mé-dun pin

Phuong trinh thuc nghiém vé tdn suit hu hong cua
cac mo-dun pin dugc tai liéu FIDES Guide 2009 22
khuyén nghi tinh todn nhu sau:

BM _
A - A'Phyxical X Ipy X Mprocess + }vwearfout

— 17

= Phases ( tannual

Ao— , X N, x [Y: ( )
parvery X Neetts * (L1 g7 ),

X (HThermal—Electrical + 1FITCy + HMechanical)i
X (Hlnduced)i] X Ipp X Mprocess + Awearfoul

)

V6i: Appysicar 12 tan sudt hu hong do yéu t6 vat ly;
Awear—out 13 tdn sudt hu hong do yéu t6 hao mon theo
thai gian van hanh, thuséng dugc chon trong khoang
0,1-0,2; Ipys dai dién cho thong s6 ki thuét, kiém
soat chét lugng ctia thiét bi trong qua trinh san xuit,
gid tri mac dinh 14 1,7; I pyocess dai dién cho viéc kiém
sodt chét lugng va ky thuat trong qua trinh phat trién,
san xuét va st dung san phim, gia tri mac dinh 13 4,0;
Ao_Bartery 12 tin sudt hu hong co ban lién quan dén
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Hinh 1: So d6 dau n6i clia hé thong ABESS trong ludi dién Microgrid, cé lién két vai cac phu tai AC va DC

viéc ldp dit, thuong dugc chon & gid tri 0,25; Ny, la
s6 lugng t€ bao pin trong mot mo-dun pin; #,,qr 12
thoi gian clia tling giai doan nap/phéng cuia pin trong
mot ndm; Mrpermal—Eiectricats ey Mrechanicar 140
lugtla caché s6 gia tdclién quan dén viéc vAn hanh vét
ly qué muic vé nhiét - dién, chuky nhiét d6 va co hoc.
Iy, thudng dugc chon & gia tri 0,14 va Iysechanical
thudng dugc chon & gid tri 0,01. I1j,,4,ceq thé hién sy
dong gop clia viéc van hanh qud mic gay ra bdi cac
yéu t6 khac trong qua trinh van hanh, c¢6 thé chon tir 1
(trong trudng hop t6t nhét) dén 100; bién ‘Phases’ thé
hién gia tri tuong Ging v6i s6 pha thuc hién nap/phéng
ctia pin trong mot namy; Iypepmal—Eilectricar 18 mot
ham chia ham s6 nhiét d6 theo d6 C 7}BM , va ham
s6 dung lugng sin c6 CBM
ctM

clia pin.
Viéc tinh todn chi trong diéu kién vin hanh
phéng/map?® va cic thong s6 T7jermal—Electricals
TBM, CBM 1an lugt dugc trinh bay tai cac phuong
trinh (3), (4), (5) va (6):
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( o )
-1
cim ©)
TIBM _ rated + 298, 15
¢
CAM = CBM (14 8¢ (TEM —298,15)) (6)
Trong do, C%’Ie 4 12 gid tri cong sudt danh dinh ctia mo6-

dun pin theo tiéu chudn ctia nha sdn xuit hodc theo
dac trung ctia loai cong nghé pin; &, 1 hé s6 nhiét do
cta pin va thudng dugc lya chon 1a 0,6%/°C24. Céc
thong s6 CEM va CBM 1an lugt 1a dung luong déu tién
va dung lugng da hao mon tai thoi diém két thac vong
doi cua pin.

Quan sét cac phuong trinh trén, c¢6 thé thiy ring tn
sudt hu hong ctia cac mo-dun pin phu thudc vao dung
lugng pin - von la mot ham phu thudc vao chu ky
hoat dong. Theo do, tinh trang tich trii ning lugng
SOC ctia cac mo-dun pin 16 rang phu thudc vao yéu
t6 dién ap, nhiét d¢, hiéu sudt va thai gian phong/nap.
Tuy nhién, trong cac diéu kién van hanh dao dong thi
dién 4p sé 1a thong s6 quan trong dé€ xac dinh tinh
trang luu tri cling nhu tan suét hu hong ctia cac mo-
dun pin. Ngoai ra, tin sudt stia chita cic mo-dun pin
sé dugc lya chon 1a mot gia tri hing s6 trong nghién
cliu nay.

Mot hé thong BESS thuong chita cac md-dun pin, cac
bd chuyén déi dién tli cong sudt va mot hé thong quan
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ly ning lugng tich trii. Duya vao gid tri dién ap ngod
ra mong mudn va dung lugng can dung, viéc két ndi
cdc mo-dun pin c6 thé tiy chinh theo dang méc néi
tiép hodc mic song song hodc mic hén hgp. Theo
cdu truc ddu noi thong thuong, cac mo-dun pin BM
s& mdc nodi tiép v6i nhau dé tao thanh mot chudi pin
BT. Tiép theo, cac chudi pin BT sé dugc mic song song
vdi nhau d€ tao thanh mot mang pin BA. Theo d6, cac
mang pin BA sé lién két song song vé6i nhau va hinh
thanh thanh mét hé thong BESS. Cudi cuing, néu cic
hé thong BESS cung lién két vao mot luéi dién phan
phdi, ta ¢ dugc t6 hgp céc hé théng BESS - goi tit la
hé thong ABESS.

Trén co s& dya vao ly thuyét xdc sudt thong ké va
ndi dung dién giai trén, c6 thé thiy rang, xdc suét dé
hé théng ABESS pgfss van hanh binh thudng c6 thé
dugc xdc dinh bang phuong trinh (7) nhu sau:

(o f))) o

Trong do, R?M la d¢ tin cdy cia mot mo-dun pin; N;

-11

z=1

BESS _

Pup

13 téng s6 mo-dun pin BM dugc méc ndi tiép trong
mot chudi pin BT; M; la t6ng s6 chudi pin BT dugc
két n6i song song v6i mot mang pin BA; K, 1a téng s6
mang pin BA trong hé thong ABESS.

Tan sudt hu hdéng cia thiét bi chuyén mach
dién tdr cong sudt

Céc thiét bi dong cat dién ttt (IGBT) thudng dugc st
dung trong hoat ddng chuyén mach ctia bo bién d6i
dién hodc c6 thé dugc st dung nhu bo ngit mach.
Theo hudng dan ctia FIDES 2009, tdn suit hu hong
ctia IGBT c6 thé dugc tinh nhu sau:

IGBT _
A - ()'OTHFThermal + AOTCyCaseFTCyCuse

+AorcysiFreyss + Aora Fra + Aomech Fuech)
X MinauceallpmIprocess

(8)

V6i Aory 1a tdn sudt hu hong co ban do yéu t6
qua nhiét ctia IGBT, Ayrcycase 12 tin sudt hu hong
do anh hudng bdi chu ky qua nhiét trén 16p vo,
Aorcysi 12 tin sudt hu hong do anh hudng bdi chu
ky qua nhiét trén méi néi, Aory va Apprecn la tin
suét hu hong do dnh hudng ctia 46 dm va co hoc.
Frhermaty Frcycase; Freysss Fre VA Fygeen 12 cdc hé
s6 gia t6c do van hanh qua gidi han vét ly vé dién,
nhiét va co hoc. I1j,4,ceq dién td hé s6 van hanh qua
dinh muc bdi cac hé s6 con lai khac. Ipy déc trung
cho viéc kiém soét chat lugng va ky thuat cta tiing bo
phéan dugc san xudt. Ip,yeess dai dién cho viéc kiém
soat chat lugng va ky thuét trén do tin cdy vé dong
doi ctia san phdm. Céc gid tri chi tiét cho cac tham s6
trén dugc trinh bay chi tiét trong tai liéu ciia FIDES
(2009) 22,

Tdn sudt hu héng cda cdu chi bdo vé DC, CB
AC, relay bdo vé

Tan sudt hu héng ciia cdu chi bdo vé DC

Viéc danh gid d tin cdy cta cdu chi bédo vé DC la
mot van dé tuong d6i khac biét bgi vi méi tuong quan
gitia viéc thay thé cdu chi véi cac 161 xudt hién trong
qua trinh van hanh la khong r6 rang. Mot khi cau chi
da nong chay thi budc phai thay thé bai vi chiic nang
chinh ctia cau chi 1a bao vé cho cac thiét bi dit phia
sau nd. Mit khac, viéc danh gia do tin ciy cua cau chi
chi thuc sy can thiét khi xem xét truong hop cau chi
khong ty ngit mic dit ¢é xudt hién quad tai/su cd. Theo
huéng dan ctia FIDES 2009, tin sudt su ¢d ctia ciu chi
(AFUSE)Y ¢4 thé duge tinh nhu sau:

FUSE _
A - [l()_Fuse X (HThermalelectrical +HTC)'
+lrIMechanical +1lgy + HChi) X Hlnduced}
xTppy X Hpmcesx

©)

V6iIlghermal—Eiectricas Yrcys Myechanicat; Tre s Teni
la céc hé s6 gia t6¢c vé nhiét, dién, chu ky nhiét, co
hoc, d6 &m, anh hudng tit moi trudng. Ay pyse

tan sudt hu hong co ban lién quan dén cac bo phin
chinh c4u tao nén ciu chi.

Tan sudt hu héng cia CB AC

Méy cat (CB) dugc stt dung trong viéc doéng/cit hé
thong BESS & thoi diém da nap day hodc khi gip su
cd. Tan sudt hu hong ctia mét CB hodc mot thiét
bi dong cit khac c6 thé dugc tinh todn theo phuong
trinh (10) 22.

ACB = [A(LCB X (HThermal +HElectrical +HTCy (10)
+HMechanical + HRH) X Hlnduced} x Ipy X HProcess

V6i Ay cp 1a tdn sudt hu hong co ban cua CB
lién quan dén cac thanh phan chinh cdu thanh
nén CB. Thuong dugc chon & gid tri 0,85;
O7hermats OElectricat, ey, Mmechanica, TrRH
la cac hé s6 gia t6c lién quan dén nhiét, dién, chu ky
nhiét, co hoc, anh hudng boi d6 4m.

Tdn sudt hu hong cua relay bdo vé

Tuong ty nhu tin sudt hu hong ctia CB, tan sudt hu
héng cua relay bao vé (ARelaYy duoge xac dinh boi codng
thuc (11):

Relay __
AR = A(LRelay X (HThermal + HEIectrical +HTCy (11)
+HMechanical + HRH) X Hlnduced] x ppr X Mprocess

V6i A9_Reiqy tan sudt hu hong co ban lién quan dén
cac bo phan chinh cdu thanh
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Tdn sudt hu héng ciia diode, cuén cém trong
cdc bé chuyén déi dién tir céng sudt

Tan sudt hu hdng ciia diode

Do tin cdy cua diode dugc thé hién trong phuong

trinh sau (dya trén moé hinh chudn phéan tich tu tai
liéu U.S. DOD (1995) %):

APIODE — 2 pioae Ty T T oI g (12)

V6i A—piode 12 tan suit hu hong co ban cua diode;
IT7 1a hé s6 nhiét do; ITs 1a hé s6 qua ngudng vé dién;
Ic 1a hé s6 xay dung tuong quan; I1p va I1g 1a hé s6
chat lugng va moi trudng tuong ting.

Tan sudt hu hong ciia cuén cdm
Tén sudt hu hong ctia cudn cam dugc tinh todn nhu

sau:

Inductor __
Amauetor — 24 mauctor X (X hermal—Electrical

+HTCy + HMecham'cal)
><rIInduced] X Ippr X Hprocess

(13)

V6i A0_nductor 12 tan sudt hu hong co ban lién quan
dén céc b phan chinh cdu thanh nén cudn cdm. Bén
canh do, tng véi tling loai cudn cam sé c6 cac hé s6
tuong ting dugc lua chon dua trén tai liéu tham khao
FIDES (2009) 22,

Tdn sudt hu héng cia tu dién trong cdc bé
chuyén déi dién tir céng sudt

Viéc tu dién hu hongla mét trong nhiing nguyén nhan
chinh din dén sy hu hong cta bd chuyén d6i dién
tli cong sudt. Trong tai liéu FIDES (2009) 22, phuong
trinh tinh todn tin sudt hu hong cta tu dién dugc thé
hién nhu sau:

Cap _
AL = %7Cup X (HThermalelectriml
+Hrc 'y + HMechanical )
annduced] X I_IPM X HProcess

(14)

V6i Ag_cap 12 tan sudt hu hong co ban lién quan dén
cac bd phan chinh céu thanh nén tu dién. Bén canh
do, ting v6i mdi cdu truc tu dién khic nhau sé c6 cac
hé s6 tuong tGing dugc lua chon nhu tai liéu FIDES
(2009)2% da dé cap.

Tdn sudt hu héng, sira chira cia inverter DC-
AC

O ché do phoéng, bd inverter DC/AC dugc st dung
dé chuyén d6i dién dp DC ctia hé thong ABESS thanh
dién ap AC d€ cdp ngudn cho cac phu tii AC trong
MG. Khi hoat dong & ché d6 nap, bo inverter DC/AC
van hanh ché d$ nghich luu dé nap néng lugng DC
vao hé thong ABESS. Thong thuong, mot bd inverter

400

DC/AC sé khong c6 du phong va diéu d6 c6 nghia
la khi xay ra hu hong & bat ki bo phan chinh nao cdu
thanh nén b¢ inverter ciing sé gay anh hudng dén toan
bd qua trinh hoat dong ctia inverter d6. Do dé, tit géc
nhin cta viéc danh gia d¢ tin cdy, cac thanh phén ciu
thanh nén inverter ¢ thé dugc xem chudi lién két néi
tiép (bat ky thanh phan nao hu hong ciing khién cho
inverter hoat dong khong con tin cdy). N6i mot cach
khac, mo hinh phén tich d6 tin cay cta inverter c6
thé xem nhu mét mang méc ndi tiép. Theo do, tin
sufithuhong AV, tan sudt stia chita u/VV va tinh sin
sang A™NV ctia inverter trong hé théng ABESS dugc
xac dinh boi cc phuong trinh (15)-(17)sau:

AINV — ) Cap +wx ZiL:l ()LiDiode +A.I»IGBT) (15)
INV _ Cap ,,Cap
WSt TH (16)
+Zl{‘:1 (),tide,uiD’Ode + A,'[GBTIVL,‘IGBT)]
INV
AINV — 1/[.1 17)

ANV 1INV

V6i w trong s6 ctia bo inverter DC-AC, dugc xdc dinh
béng ti s6 gitia thoi gian van hanh trén tong thoi gian
van hanh ki vong ctia inverter. Luu y réng, viéc van
hanh ch¢ (standby mode) van 1a trang thai van hanh
déc biét ctia inverter méc du lugng cong suit ngo ra
120. ACap  AIGBT | ) Diode |3 cic tan sudt hu héng cha
tu dién, IGBT, diode duéi diéu kién van hanh tuong
tng. L la tdng s6 IGBT hodc diode ctia inverter.
Phuong trinh d6 tin cay R’™NY (¢) ctia inverter c6 thé
dugc dinh nghia boi:

RINV (l‘) _ e[*_fé k”"‘/(t)dt} (18)
V6i tdng thai gian van hanh cta inverter bao gém s6
lan phong, nap va s6 lan cho cua hé thdng ABESS.
Néu ham mat d¢ hu hong cuia inverter dugc xac dinh,
do tin cdy cta no sé dé dang dugc danh gia. D€ ting
cuong hiéu sudt danh gia do tin ciy cta inverter, cin
phai xac dinh hé s6 tuong quan gitia tdn suit hu hong
va thay d6i trong cdc diéu kién dién ap va nhiét do.
Nguyén nhan chinh géy ra viéc ton thit cong sudt ctia
inverter chu yéu 1a do céc thiét bi dién tu IGBT va
diode. Trong céc tai liéu ctia Liu (2014) 2%, Liu va cong
su (2016)%7, t6n that cong sudt ctia IGBT hodc diode
sé bing tong t6n that truyén dan va dong cit ctia cac
thiét bi nay. Phuong trinh t6n thit dugc thé hién nhu
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sau:

[GBT _ pIGBT [GBT
P =P cond + PSW

2
_ l 1687 Ipeak + RIGBT ([peak)
- 2 drop T 4

1687 Lpeak IGBT (Ipeak) ’
+mcos @ Vdmp 3 +R A

VDC, uppliedlpeak IGBT
Vrle ‘};CBT ref

1
+;fsw(Eon +Eaff)

V6i PIOBT 3 t8ng t6n thdt cong suft ciia mot IGBT;

thong s6 ‘cond’ and ‘sw’ dai dién cho trang thai van
IGBT
Vdrop

ap roi trén IGBT; RIGBT 13 dién tré & trang thai van

hanh déng cta IGBT; Ip,.4 12 dong dién pha dinh

yIGBT
ref

hanh truyén dan va dong cit ctia IGBT; la dién

clia ngod ra inverter. va IfngT la dién 4p va
dong dién tham chiéu/dinh mic ciia IGBT tuong ting;
Ve, appliea 12 dién &p DC cla inverter; Eqp va Eqpp 1a
ton that ndng lugng ctia trang thai “déng” va “md” clia
IGBT?8; f,,, 14 tin s6 d6ng cat ctia IGBT; m la chi s6
diéu ché va 1a goc léch ¢ pha gitia dién 4p va dong
dién.

Khi hoat dong, cd IGBT lan diode déu co ban dugc dit
trong cdc bd phin tan nhiét d€ gidm thiéu lugng nhiét
phat sinh. Gia dinh nhiét do méi néi la T}, tong nhiét
do6 ctia bo tan nhiét la Ty va gid tri gia ting nhiét o
tuong ting trong IGBT hodc diode 1a ATgr. Theo dé,
phuong trinh nhiét d6 dugc biéu dién nhu sau:

Tj =Tps+ ATgr (20)

Tan sudt hwhdng, sira chira cia bé chuyén déi
DC-DC

Tén sust hu hong ACONY, tan suft sita chita u€ONY va
tinh sdn sang ACONY 12 b sac/diéu khién dugc xéc
dinh dya trén cic phuong trinh sau:

A CONV _ z[(alDi"de) + (bAIGBT)

+(c/'1,C”p) _|_)Llnductor} (21)
uCONV — ~TCONT (alDiodeuDiode)
+(b;LIGBT,JIGBT) + (C/ICap”c[tp) (22)

+Alnductarﬂlnduclor
CONV
ACONY = cozvlv/ £ CONV (23)
A +1/u
REONV (1) = ¢~ (A“" 1) (24)
MTTF = [°REONY (t)dt (25)

V6i z latrong sécua bd chuyén d6i DC-DC, dugc
xdc dinh bang ti s6 gifia thoi gian van hanh va tng

19)

thoi gian vAn hanh ki vong. Luu y rang, viéc van
hanh chg (standby mode) van 1a trang thai van hanh
déc biét cta thiét bi nay mdc du lugng cong sudt
ngd ra 1a o. )vCap7 AIGBT’ ADiode7 A Anductor 134
lugt 1a tan sudt hu hong cta tu dién, IGBT, diode
va cudn cam trong diéu kién vin hanh tuong tng.
uCap7 “IGBT7 'uDiode7 Mlnductor céc tan sudt stia chiia
cta tu dién, IGBT, diode va cudn cam tuong dng.
Ngoai ra, cdc bién a, b va ¢ 14n lugt 1 tdng s6 diode,
IGBT, va tu dién ctia bo chuyén d6i DC-DC.

Tuong dong véi inverter, tong t6n thit cong suit cta
mot IGBT hodc mét diode 1a tong t6n thét cha viéc
truyén dan va dong cit, dugc tinh todn dua trén cac
phuong trinh nhu sau:

DGi v6i ché do van hanh phong

PIBT — PIGHT 4 PIGST — D (Vy + Ronl, )

1 VDC s, peak

+;fsw (Eon+Eofy) yDC. applied [IGBT
ref ref

(26)

V6i D 1a mét chu ky van hanh; V7 1a dién ap cuc D-S
& trang thdi “dong” ctia IGBT, thong thudng sé dugc
chon & gid tri 0,5V; Ry, la dién tré cuc D-S & trang
thdi “dong” ctia IGBT; I, peqr dong dién dinh ngd vao
ctia by chuyén d6i DC-DC va Vpe, appiied 12 dién dp
stt dung thong qua IGBT.

Diode _ pDiode Diode
P =P cond + PV ec

= (1 - D)(VF + RDiOdeld7 peak)]d, peak

27
1 E VDC,applied Id.,peak ( )
+Efsw rec VDiode IDiode
ref ref
V6i Vp la dién dp chuyén tiép ctia diode; RDiode

la gid tri dién tr6 & trang thai “déng” cua
diode; Iy, pear la dong dién dinh qua diode
7 VBESS VBESS L. .
(Id. peak = Riooa(1-D) " 2fonLia ) v6i  Rjpaa 12
dién trg tai va L4 la gid tri cam khang cua tai.

Plnd — Rindlz

L, peak (28)

Trong d6, P 1a tng tén thit cong sudt ctia cudn
cam; R 1a gi4 tri dién tré tuong duong ctia cudn
cdm; va I1, peax 12 gid tri dong dién dinh di qua cuén
cam trong qua trinh van hanh & ché d) phong cta bd
chuyén d6i DC-DC.

Déi vdi ché do van hanh nap
IGBT _ pIGBT __ plGBT
P - Pcond + PSW

= D(VT +R0nlsfbuck, peak)lsfbuck, peak (29)

1 Ve, applied Is, peak
+Efsw(E0n +E0ff)# ISIGp;aT
ref ref
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V6i L5 puck, peak 12 dong dién dinh chdy qua IGBT ctia
b chuyén d6i DC-DC & ché d6 nap.

pDiode _ P)LD()lnodde +Pg£0de (30)
= (1 - D) (VF +RDwde]d—buck, peak)ld—huck, peak

1 FiE Ve, applied 1a, peak
+xzfswhrec yDiode  Diode
ref ref

Trong d6, I_puck, peak 12 dong dién dinh chdy qua
diode ctia b$ chuyén d6i DC-DC & ché d¢ nap.

Plnd — Rind 12

L—buck, peak (1)

V6i Iy puck, peak 12 dong dién dinh chdy qua cuén cdm
trong qua trinh van hanh & ché d6 nap ctia bo chuyén
déi DC-DC. Gia dinh rang, T; 13 nhiét d6 méi noi,
Tys 1a tong nhiét d6 trén b phan tan nhiét va nhiét
do gia tang ctia IGBT, cudn cam hodc diode 1a ATgr.
Theo d6, phuong trinh nhiét do dugc biéu dién nhu
sau:

Tj = Tys+ Agr (32)
Phdin bé xdc sudt réi rac cia tdn sudt huhdéng
trong hé théng ABESS

Khi xem xét vin dé danh gid do tin ciy bang phuong
phép truyén thong, tan suit hu hong ctia hé thong
ABESS thudng la m¢t ham phu thudc vao thoi gian
da vin hanh. Tuy nhién, tin suét hu hong ctia hé
théng ABESS ciing la mot ham ctia dién 4p va nhiét
do. Tuy thudc vao trang thai phong hodc nap, tan sudt
hu hong ctia hé théng ABESS dua trén yéu t6 dién ap
va nhiét d6 dugc phan tich cy thé. Tuong ting véi cac
trudng hop van hanh c6 thé xuét hién trong qud trinh
hoat dong cta hé thong ABESS, dién 4p, dong dién,
t6n that cong suét, thoi gian phong/nap sé khac nhau.
Diéu nay c6 thé din dén nhiing thay d6i tuong Ging véi
cac gid tri tdn sudt hu hong ctia hé théng ABESS. Theo
d6, cac thong s6 do ludng dién sé dugce thu thap détich
todn gid trj tAn sudt hu hong va tdng hgp vao trong
mot phan phdi xdc sudt roi rac. Ky thudt phan cum di
liéu K-mean sé dugc stt dung dé€ loai bo nhiing gia tri
nhiéu va phan chia b di liéu thanh tiing nhém tich
biét26. Muc dich ctia viéc 4p dung ky thust pham cum
nayla dé€xdc dinh mat d6 phin bé cta dii liéu tan suit
hu héng c6 dang nhu thé nao, ching han nhu ham
mi, Weibull, Rayleigh, ham lognormal, v.v... Trén co
sG do, 6 thélua chon dugc cac gid tri tAn sudt hu hong
ctia tiing thanh phan trong hé théng ABESS trong suét
qua trinh dénh gia d¢ tin cay.

Phuong phap danh gia dé tin cay cua hé
théng DC trong hé théng ABESS

Su ¢0 xay ra trén mot mo-dun pin BM c6 thé dan dén
viéc ngung hoat dong ctia chudi mo-dun pin BT ¢6
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chtta chinh mo6-dun pin BM d6, theo Hinh 1. Nhu
vay, mot day pin BA van c6 thé tiép tuc hoat dong binh
thuong néu bét ky chudi pin BT trong day pin BA d6
hoat dong binh thuong.
T6ng s6 chudi pin BT méc song song dugc tinh theo
cdng thtic (33):
T6ng s6 chubi pin BT mic song song=Npanpr, (33)
Trong d6: Npy 1a s6 day pin BA trong hé thong
ABESS; np 1a s6 lugng chudi mac song song trong mét
day pin BA, va r, 1a ty s6 du phong (v6ire < 1);
Mot so d6 chuyén trang thai Markov ctia hé théng DC
trong hé théng ABESS dugc trinh bay 6 Hinh 2. Trong
dé, t6ng s6 trang thai chinh 13 t6ng s6 chudi pin BT
madc song song cta hé thong ABESS. Méi trang thai
¢6 bon bién va lan lugt dai dién cho s6 chudi pin BT
madc song song bi 16i, s6 bd chuyén d6i DC-DC bj 16i,
s6 lugng cau chi DC bi 16i tai ngd vao va ngd ra ciia b
chuyén d6i. P; 1a xdc sudt d€ hé thong DC duy tri van
hanh 6n dinh khi chudi pin mic song song thit i gap su
0. Tan sudt hu hong khi chuyén déi ti trang thai (i)
sang trang thdi (i+1) dugc tinh bang (NBAnp-i)),R[,»].
Trong d6, A g chinh la tan sudt hu hong ctia chudi
pin méc song song thi (i+1). Sy ¢6 ctia bo chuyén déi
DC-DC hai chiéu sé khién hé thong mét np chudi va
chuyén tii trang thai thi (i) sang trang théi (i+ np) v6i
ti s6 chuyén ddi la (Npa-2)A convyip V6i z1a s6 day pin
bi hong tai trang thai thi (i) va Acony i 12 tan suat hu
hong ctia b chuyén d6i DC-DC thi (z+1). Can luu
y rdng, tit ca cic mo-dun pin trong hé thong ABESS
dang dugc gia dinh hoat ddng & cing m¢t dung lugng.
Sau khi mét chubi cac mé-dun pin gip su 6, tat ca cac
b chuyén d6i DC-DC dugc gia dinh sé thay d6i bing
nhau dé€ gidm ding k€ s6 lugng trang thai va buédc
chuyén cén thiét trong mo hinh Markov. Sy ¢6 tai
cau chi DC & ngb vao va ngo ra ctia bo chuyén déi
DC-DC ciing khién hé th6ng ABESS bi méat np chudi
va chuyén tu trang thdi thi (i) sang trang thai (i+ np)
v6i tan sudt chuyén d6i la (Npa-x)A prpy; d6i véi doi
tugng 13 cdu chi DC tai ngd vao va (Np4-x)A Foli doi
v6i doi tugng 1a ciu chi DC tai ngd ra. Theo d6, x, y
lan lugt1a s6 cap ciu chingd vao, ngd ra biléi § trang
théi (i) va A gy, A prpp 14n luot 1a tan sudt hu hong ctia
cédp clu chi d4u vao thu (x+1) va ddu ra thu (y+1).
Nhu da thé hién trong Hinh 2, phan @ing vn hanh cta
hé thong DC duge mo ta nhu sau: Tai thoi diém ¢ =
0, véi gia dinh hé thong ABESS dang & trang thai 0,
khi d6: Py(0) = 1va P;(0) = 0 d6i véii>0 (i = 1...
Npanp re)

% = —(Npalconv (o] + Npatri)
+NBA)1'F0[O] +NBAnPlR[O])PO

(34)



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 3(2):395-415

dP;
7; = (Npa =2+ 1)Aconvii—ny Pi-np

+(Npa =y + D) Apoji-ny Pinp
+(Npanp —x+ V) Apfi_n, Pi-np
—[(Npa —2)Aconviiy + (Npa —x) Agy
+(Npa = y)Aroj + (Npanp — i) Agj |P;

(35)

Tu do6, thoi hu hong
MTTFDC*X”bethem7ABESS ctia h¢ théng DC c6
thé dugc tinh bang phép bién d6i Laplace cta P;,
P;*, nhu da dé cép trong tai liéu Dhople va cong su
(2012)%.

gian trung  binh

R(t) =Y;2"" P, (36)

MTTFDcfsubfsystemfABESS
— ZNB/{HPQ PH0) = I R(t)e ™ dt

=

(37)

Phuong phap danh gia do tin cay cua hé
théng AC trong hé théng ABESS

Céc bo Inverter DC-AC la cau ndi lién két gitia hé
thong DC va hé théng AC trong hé thong ABESS. Cac
Inverter nay dugc bd tri mic song song v4i nhau nhu
Hinh 1. P; la x4c sudt cta hé thong AC duy tri vin
hanh 6n dinh véi Inverter mic song song thu j bi sy
c6. Theo do, tén sudt hu hong khi chuyén tif trang
thii (j) sang trang thai (j+1) 1a (Nivy - )A vy v6i
Aqnvj) 12 tan sudt hu héng clia Inverter mic song
song thi (j+1). So d6 chuyén d6i trang thai Markov
ctia hé thong AC dugc thé hién nhu Hinh 3. Mbi
trang thai hoat dong phu thudc vao ba bién s6 gom:
tha nhiét 1a s6 lugng céc bd Inverter mic song song
gap su co, thi hai 13 s6 lugng cac cép cau chi DC ngo
vao bi sy ¢6 va cudi ciing 1a s6 lugng cac bo CB bi
hu hong. T6ng s6 trang thdi 1a téng s6 bd Inverter
méc song song Nyyy ), trong hé théng ABESS, trong
do, Nyyy 1a téng s6 bo Inverter DC-AG; 1, la ti s6
du phong va dugc xéc dinh bang cong thiic sau: r), =
Prequired/(NlNVPINV) < 1. Theo dé, Prequired la Céng
sudt dinh mtc cta hé thong ABESS va Piyy 13 cong
suat danh dinh ctia méi Inverter. Su c6 tai cac cau chi
DC & ngo vao ctia bg Inverter ciing c6 thé khién hé
thong AC chuyén tii trang thai thi (j) sang trang thai
thi (j+1) véi ti 1é chuyén déi la (Npyy - ].)AFI'INV[]']
(v6i jla s6 lugng cdc bo Inverter mic song song bi 16i
va cling 1a s6 lugng cdp cdu chi ngd vao bi 16i tai trang
thai (j), Apr-1ny fj) 12 ty 18161 clia cdp cau chi ng6 vao
tht (j+1) ctia bo Inverter). Tuong tu, 16i ctia bo CB
AC & ngo ra ctia bo Inverter c6 thé lam cho hé théng
AC chuyén tii trang thai (j) sang trang thai (j+1) véi ti
$6 chuyén d6i (Njyy -j)lCB-INV[]-] ; trong d6, jla s6

lugng céc CB bi hong & trang thai (j) va Acp-ivy jj 12
tan sudt hu hong ctia bo CB thi (j+1).

Theo Hinh 3, phan ting vin hanh cua hé théng DC
dugc mo ta nhu sau: Tai thoi diém t=0, v6i gia dinh
hé théng AC dang & trang théi 0, chdng han nhu Py
(0)=1vaP;(0)=0véij>0.

dP
G = N Ro (38)
dPp; ,
o (Ninv *.J + DAwvj-1Pi-1 (39)
—(Nivv — J) Ay P
voi jzl...NIerp
Tu d6, thoi gian hu héng trung binh

MTTFAC—sub—system—ABESS cta hé théng AC ¢6
thé dugc tinh bing phép bién d6i Laplace ctia P;, P;*
, nhu da dé cap trong tai liéu 29,

R(t) = X/ Py (40)

MTgFAC—sub—syszem—ABESS (41)
— YV PE(0) = [ R(t)e d

Phuong phap danh gia dé tin cay cia toan
bé hé théng ABESS

So d6 chuyén trang thai Markov d€ danh gia do
tin cdy hoat dong clia toan by hé théng ABESS
dugc thé hién trong Hinh 4. P;; dai dién cho
xdc sudt ctia hé thong ABESS & mot trang thai
ma chudi pin méic song song thi i va bd In-
verter mic song song thit j bi sy ¢8. Tan sudt hu
hong va stia chita cia méi hé thong dugc ky hiéu
la A DC—sub—system—ABESS> M DC—sub—system—ABESS>
A’AC—sub—system—ABESS V& UAC—sub—system—ABESS

Tan sudt hu hong va sta chiia ctia toan bo hé thong
ABESS c6 thé dugc xic dinh bang cong thic:

AABESS =
A{ *
'DC—sub—system—ABESS (42)
ADC—sub~system—~ABESS “+ ADCsub—system— ABESS

Ky hiéu (*) dai dién cho cho ca tai DC va AC; (**) chi
tai AC.
HABESS = (43)
[(/'LDC—sub—system—ABESS + afAC—sub—system—ABESS)
X (“Dcfsubfsystem —ABESS -MAC—sub—system—ABESS ) }
/ (chfsubfsystemfABESS . kAcfsubfsystemfABESS
+/lDC—sub—sysrem—ABESSuuAC—sub—sysrem—ABESS
+AACfsubfsystem7ABESS . 2'DC7subfsystemfABE;SﬂS‘ )

Tay thudc vao s6 lugng chudi pin méc song song va
cacbo Inverter bi su ¢8, xac sudt hu hong ctia hé théng
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ABESS sé khic nhau. Khi mét hodc mdt s6 chubi pin
mdc song song/bd Inverter bi 16i thi sé xuét hién cac
hién tugng dao dong van hanh ctia hé thong ABESS.
Do d4, tan sudt hu hong va stia chita cho méi hé thng
phu cén dugc tinh todn lai, dic biét 1a nhiing hién
tugng dao dong dién 4p va ton that cong suit. Cén
luu y rang, tdn sudt hu hong ctia méi hé thong phu
trong hé théng ABESS sé bang t6ng ctia tin suét su cd
udc tinh theo thoi gian st dung va tin sudt sy c6 gay
ra béi hién tugng dao dong dién ép va ton thét cong
sudt.

Nhu da thdy trong Hinh 4, phan {ing van hanh hé
thong ABESS dugc mo ta nhu sau: Tai thoi diém ¢
= 0, hé¢ théng ABESS dugc gia dinh & trang thai 0,
chéng han, Pyp(0) =1 va P;;(0) =0 v6ii>0vaj>0.
ch_Sub_S},S,em_ABESS[,-] la tan sudt hu hong ctia hé thong
DC v6i chudi pin mic song song thi i bi 16i; trong
khi d6, A pe_gup—system—ABEss[j] 12 tan sudt hu hong
ctia hé théng AC véi Inverter mac song song th j bi
16i. Tong s6 trang thdila s6 lugng (reNpan,)(Ninv1p)
trong s d6 Markov.

dPy _

dr _( DC—sub—system—ABESS|[1] (44)
+AAC7XLtb7xyxtem7ABESS[1] )POO
dP;;
dt = DC—sub—system—ABESS[i—1]
F2A4C—sub—system—ABESS[i—1))Pli—1)(j—1) (45)

- (}LDCfsubfsystemfABESS[i]

+A’AC7‘vuh<vystem —ABESS|j] )Plj
St dung phép bién ddi Laplace ctia P;j, P;;*, ta c6 thoi
gian hu hong trung binh ctia toan bg hé thong ABESS

la:
MTTFppEss )
— yeNpane y"Nivvre px () — 1 (46
LT EO) MBESS

MO HiNH VA CAC KICH BAN MO
PHONG CAC HIEN TUGNG DAO
DONG TRONG VAN HANH CUA MOT
LUGI D!EN MICROGRID TiCH HOP
HE THONG ABESS VA HE THONG
PVS

Trong Hinh 5, m¢t mé hinh mé6 phong mét luéi dién
MG chta hé thng ABESS va hé thong PVS sé dugc
duing dé phén tich, ddnh gid do tin c4y hoat dong cua
hé thng ABESS. Hé théng PVS bao gom téng cong 50
chudi pin quang dién - PV mdc song song nhau. Theo
d6, mbi chubi gom 22 tdm pin quang dién PV mic néi
tiép va c6 36 té€ bao PV lién két v6i nhau trong mot
tdm pin. Hé thong ABESS c6 dién ap danh dinh 14 500

Vpc va cong sudt dinh mic la 6,58 kAh. Dong dién
nap/xa danh dinh ctia hé théng ABESS va trang théi
nap ban diu dugc thay déi tuy theo cac trudng hop
dao ddng van hanh khic nhau. Thiét ké tdng thé cta
hé thong ABESS dugc thé hién trong Bang 1. Trong
do, ti s6 du phong ning lugng r, dugc chon & mitic 0,9
va ti s6 1¢ du phong cong suit r,, dugc chon la 0,85.
Céc gia tri nay dugc lya chon dua trén khuyén céo
ctia nha san xut, cu thé nhu sau: i)Déi vdi ti s6 du
phong nang lugng r., viéc lua chon cdn tinh todn thém
xem xét dén lugng cong sudt thdt thodt trong qud trinh
chuyén doi (khodng 10%) va ii)Ddi vdi ti s6 dy phong
cong sudt rp, cdn xem xét dén viéc hé thong ABESS sé
sui dung khodng 05% dung lugng tich trii trong cdc mo-
dun pin dé bix vao phdn t0n thdt cong sudt khi thuc hién
diéu khién can bdng cong sudt gitia ngé vao va ngé ra
mong mudn. Mot bd chuyén d6i DC-DC c6 cong suit
danh dinh la 25 kW, dién ap ngé vao dinh mtic 500
Vpc va dién ap ngo ra dinh micla 750 Vpc. Inverter
DC-AC c6 cong suit danh dinh l1a 25kW, dién ap DC
ngo vao dinh mtic la 750 Vpc va dién ap AC ngo ra
dinh mtc 1a 220/380 V4¢. Ngoai ra, cic thiét bi bao
vé trong hé thong ABESS nhu cic cau chi DC va cac
CB AC dugc chon phut hgp véi cac thong s6 dinh miic
ctia bd chuyén d6i DC-DC va DC-AC.

Viéc mo phong cic hién tugng dao dong trong qua
trinh vin hanh ctia hé théng ABESS nhim muc dich
xac dinh tan sudt hu hong ctia cac thanh phan chinh
trong hé thong ABESS phu thudc vao hién tugng dao
dong dién ap va ton thit cong sudt. Cac gid tri tan
sudt hu hong nay sé dugc stt dung dé€ danh gid do
tin cdy cua toan bo hé thong ABESS. Cac hién tugng
dao dong thudng xudt hién trong van hanh nhu hién
tugng thay d6i dong cong suét tai, sy hoat dong khong
6n dinh va gidn doan ctia cdc ngudn PV, va & hai ché
do6 van hanh hoa luéi va tach luéi sé dugc mo6 phong
bang phadn mém PSCAD. Tuong tng véi tling kich
ban vén hanh khdc nhau, tan suét hu hong cua tiing
thanh phén trong hé thdng ABESS sé thay d6i tuong
ung. Cac Hinh 6 va 7 két hgp véi nhiing ndi dung
dugc néu tai cdc Bang 3 va 4 sé thé hién thong tin chi
tiét vé cac kich ban mé phong cua hé thong ABESS
trong luéi dién MG c6 tich hgp hé théng PVS. Téng
thoi gian thuc hién moé phong 1a 50 gidy. Theo do, cac
gia tri ctia phu tdi sé bat ddu tang/giam ti gidy thi 5
dén gidy thi 13 theo Hinh 6. Thém vao d6, cac hién
tugng dao dong cong sudt phat ctia hé thong PVS sé
bat dau tu gidy tht 8 dén gidy thi 20. Ngoai ra, hé
théng ABESS sé hoat dong & ché d6 hoa ludi tit luc bit
dau moé phong cho dén gidy thi 20 trude khi chuyén
d6i trang thai hoat ddng vé ché d¢ tach ludi tu giay
thit 20 dén gidy tha 35. Sau d6, hé théng ABESS sé
hoat dong hoa luéi trd lai. Cén luu ¥ rang, cic dao
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j’.“C—S ub—sysrem—ABESS[i]
e oL 1 /1.{ —sub=system—ABESS[ j+1]
p DC-sub-sysem—ABESS[1] Sy N epemmmsSlemaa, S
£4 A |3 . el
D O
B Ao e - N
AC- sub—svstem—ABESS[1] C - sub=system-ABESS[1] DC-sub—system—ABESS[1+1] \ Y
b
/ /
/', t"
A’DC ) o e ¢
—sub—system—ABESS[1,.Ng15] X .

A

A C—sub-system~ABESS[ Nppip]

Hinh 4: So d6 chuyén trang thai Markov clia toan bo ABESS

dong cong sudt ctia phu tai va ngudn phat PVS ciing
dugc mo phong trong sudt khoang thai gian hé thdng
ABESS hoat dong tach luéi.

406



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 3(2):395-415

Bang 1: Bdng théng ké sé luong va tdn sudt hu héng trong t hiét ké ciia hé théng ABESS

Thong s6 chinh Mo ta

$6 méang pin: 10 méng pin

S6 chudi pin trong mot méang: 9 chubi/mang

S6 lugng BM trong mét chudi: 14 m6-dun

S6 lugng phan ti pin trong mét mo-dun: 36 phén tii/mo6-dun
S6 b6 chuyén d6i DC-DC: 10 b chuyén dai
S6 lugng cau chi DC tai ngd vao ctia bo chuyén dai: 20 c4u chi

S6 lugng cau chi DC tai ng6 ra ctia bo chuyén dai: 20 cdu chi

S6 lugng cu chi DC tai ng6 vao ctia b Inverter: 20 ciu chi

S6 lugng bo CB AC: 10 CB

S6 lugng bo Inverter DC-AC: 10 bo Inverter

Tén sudt hu hong phu thudc thoi gian st dung (1an/ndm), tin suét stia chiia (14n/nam) dugc tinh todn dua trén cac phuong
trinh da dé cap tai muc 2.1 ctia phén 2 thudc nghién ctiu nay va tai liéu?? nhu sau:

+ M6-dun pin: 0,0312 ldn/nam; 10 l4n stia chita/nam

+ B chuyén d6i: 0,1250 lan/ndm; 26 14n stia chiia/ndm
+ Inverter: 0,1430 1dn/ndm; 21 14n stia chita/ndm

+ Céu chi DC: 0,0500 14n/ndm; 52 1an stia chita/nam

+ CB AC: 0,1000 1an/nam; 10 14n stia chita/ndm

+ IGBT/MOSFET: 0,3000 14n/ndm; 17 14n stia chita/ndm
+ Diode: 0,1000 14n/nam; 26 1an stia chiia/ndm

+ Tu: 0,4000 14n/nam; 26 14n stia chita/ndm

+ Cudn cam: 0,4000 14n/ndm; 26 14n stia chita/ndm

+ Cac mo-dun PV: 1,1416 1an/nam; 48 14n stia chiia/nam
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Bang 2: Cac théng sé quan trong danh cho viéc phan tich do tin ciy ctia hé théng ABESS

(a) Thiét bi chuyén
mach: IGBTs
Aoty

0,3021
IT Process

4,0

(b) Thiét bi bao vé:
Cau chi DC

A 0_Fuse

0,5

(c) Thiét bi bao vé: CB
AC

Ao_cs

0,85

Lnominal

1kA

(d) Thiét bi bao vé: Re-
lay

A 0_Relay

1,1

Hpale

2,5
(e) Diode
A 0—Diode

0,005

A

0T CyCase
0,10
Vi1GBT

(kV)
10kV

7y
0,51

HThermal
0,21

Hpole
2,5

HThermal
0,29

Vr.d iode

10kV

Aorcyss

0,05

Ty, echanical
0,06

M7y
0,02

gL prear
1,2

HTCy
0,02

gL prear
1,2

IrDe?de (A)

150

AorH

0,1
Rys °C/w)

0,11

IIM echanical
0,06

Vinax (kV)
6kV

IIM echanical
0,05

1,0

Aomech

0,1

Mgy
0,24

Hl oad—type
8

Hl oad—type

2,4

F TCyCase

1,5
Rer (°C/W)

0,640

Iy
0,06

Mgy
0,12

Mgy
0,09

Mg

6,0

Freysy

1,5

Ir.F use

1kA

Hmanoeuvres

1

Hmanoeuvres

RDiode Q) &
trang thdi ON
0,0033

Fry

1,0
T4 (°C)

25

HProcess
4,0

HProcess
4,0

HProcess
4,0

Fy, ech

Viwominai V)
600V

Vm)minal?cail

(V)
600V

Hlnd uced py
2,0 1,7
Wynduced Ipy
2,0 1,7
I11 nduced I_IPM
2,0 1,7
CEL
1,19
I11 nduced I_IPM
2,0 1,7
Erec
317 (4))

Continued on next page
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Table 2 continued
(f) Tu dién
AO?Cap
0,85
Vr,r.'ap (V)
1000
(g) Cudn cam
l()_Inductor
0,25
I_ITCy
0,8
(h) Cac tdm pin quang
dién PV
Tan sudt hu hong cua
cac tdm pin quang dién
PV: 1,1416 lan/nam
Tan sudt stia chiia/bao
tri cac tdm pin quang
dién PV: 48 lan sia
chita/ndm

7y
0,51
Ry (Q)
0,02

HM echanical
0,26

Mptechanicat
0,05
0. [0C/W]
15,6

Yre
0,7

Rys C/w)
0,11

YrE

0,7

T4 (°C)
25

SRef
0,55

SRef
0,55
Rgr CC/W)
0,64

E,

0,4

I r,max (A)
1000

E,
0,4

HProcess
4,0

HProcess
4,0

Rind (Q')
0,008

Hlnduced
2,0

Hlnduced
2,0

py
1,7

Ipy
1,7
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= ey

Cong sut PV (kW)

gidy(s) 0 10 20 30 40 50

Hinh 7: M6 phéng su thay d&i cong suat ngé ra clia
hé théng PVS dé khao sat nhitng anh hudng déng
hoc dén hé théng ABESS

KET QUA THU NGHIEM VIEC PANH
GIA PO TIN CAY CUA HE THONG
ABESS VA THAO LUAN

Nhu da trinh bay trong phian Mé hinh va cdc kich
bdn moé phong cdc hién tugng dao dong trong vin
hanh ciia mot lu6i dién Microgrid tich hgp hé thong
ABESS va hé thong PVS, tin suit hu hong cua hé
thong ABESS sé dugc danh gia trong hai trudng hgp:
i) ¢6 phy tdi DC va AC; va ii) chi ¢6 phy tdi AC.

Hinh 8 thé hién két qua d¢ tin cdy cua toan bo hé
théng ABESS trong lué6i dién MG khi c6 hién tugng
dao dong trong van hanh va c6 xem xét ca phu tai
DC va AC. Luu y ring z 1a trong s6 ctia b chuyén
d6i DC-DC, va dugc xdc dinh bang ti s6 gitta thoi
gian hoat dong véi tong thoi gian dy kién st dung.
Trong Hinh 8a, tin sudt hu hong ctia hé thong ABESS
dao dong trong pham vi rong tii 150 dén 300 l4n/10°
gid bdi vi hién tugng dao dong trong van hanh dién
ra ngau nhién trong su6t thoi gian hoat dong ctia hé
thong ABESS trong luéi dién MG. C6 nhiing hién
tugng dao ddng dang chu y véi tn sudt hu hong trong
cac khodng tit 20% dén 35%, tii 50 dén 60% va trén
65% ctia tdng thoi gian du kién st dung ctia hé théng
ABESS. Trong cac khoang nay, cic diém di liéu tin
sudt hu hong ctia hé thdng ABESS dugc phéan phoi roi
rac. Do d4, khé c6 thé du dodn chinh xdc tin suit
su cO cua hé théng ABESS trong céc truong hgp dao
dong trong van hanh khac nhau. Tuy nhién, céc tac
gid quan st va thy ring tin suit hu hong cao nhit
clia h¢ théng ABESS 1a 750 14n/10° gi& sau 65% tong
thoi gian du kién st dung. Hinh 8 b chi ra d¢ tin cay
ctia hé thong ABESS 14 mdt ham ctia trong s6 z va do
tin cay nay gidm dang ké trong cac khoang tit 20 dén
35%, tli 50 dén 60% va trén 65% so vdi téng thoi gian
du kién hoat dong ctia hé théng ABESS. Luu y rang,
viéc danh gid d¢ tin cdy sé khong con phi hgp néu xay
ra cac hién tugng dao dong l6n vé dién dp lam anh
hudng dén thoi gian hao mon ctia hé thong ABESS
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(ching han 14 sau khi da st dung qua 75% t6ng thoi
gian du kién st dung). Hinh 8 ¢ thé hién thdi gian
hu hong trung binh MTTF clia hé thong ABESS dugc
tinh bang mo6 hinh danh gia d6 tin cdy Markov. Gia
tri MTTF thay d6i trong khoang ti 12 dén 57 nam
tuong Ung véi tin sudt xay ra hién tugng dao dong
va trong s6 ctia hé thong ABESS. Hon niia, theo quan
sét két qua sau mo6 phong, ta c6 thé thdy rang gia tri
MTTF gidam rat nhanh khi xuat hién céc hién tugng
dao dong trong van hanh, cu thé 1a dao dong dién ép
va t6n thét cong suit. Ngoai ra, viéc danh gid do tin
cdy ctia toan bo hé thong ABESS khi xem xét ca phu
tai DC 1an AC chi cin quan tim dén trong s6 z béi
vi toan bo hé thong ABESS sé duing hoat dong khi bo
chuyén d6i DC-DC gip su c6.

Hinh 9 thé hién két qua dédnh gid d¢ tin cdy ctia toan
bd hé thong ABESS trong ludi dién MG khi xudt hién
cdc hién tugnng dao dong va chi xem xét dén tai AC.
Luu y ring, w 1a mot trong sd dugc xac dinh béng
ty sO gifia thai gian hoat dong véi tong thadi gian du
kién st dung ctia inverter. Trong Hinh 9a, tin suét
hu hong ctia hé thong ABESS dao dong trong pham
vi tit 200 dén 600 14n/10° gio. Cac diém di liéu tin
sudt hu hong ctia hé thdng ABESS phan phdi mét cach
rdi rac trong céc khoang thoi gian tii 20 dén 35%, tu
50 dén 60% va trén 65% trong sudt vong doi ctia hé
théng ABESS. Tan suit hu hong cao nhét ctia hé thong
ABESS 1a 2500 14n/10° gi¢ sau khi da hoat dong hon
65% vong doi hoat dong. Khi khong c6 hién tugng
dao dong trong van hanh, tn sudt hu hong cta hé
théng ABESS gitt 6n dinh & mc 250 14n 16i/10° gid.
Hinh 9 b chi ra d¢ tin cy ctia hé thong ABESS la ham
clia cac trong s6 z va w. D¢ tin cdy van hanh cta hé
thong ABESS sé giam ddng ké khi da qua st dung trén
65% tudi tho ctia hé thdng ABESS. Luu ¥ rang, viéc
danh gia do tin ciy sé khong con pht hgp néu xay
ra cac hién tugng dao dong 16n vé dién ap lam anh
hudng dén thoi gian hao mon ctia hé thong ABESS.
Hinh 9 ¢ cho thdy thdi gian hu hong trung binh ctia
hé théng ABESS dugc tinh theo mé hinh d¢ tin cay
Markov. Gid tri MTTF thay d6i trong khoang tii 04
dén 50 ndm tuy theo tan sudt hu hong cta tling thanh
phén va céc trong s6 ctia hé thong ABESS. Ngoai ra,
gid tri MTTF gidm rat nhanh, xuéng con 05 ndm doi
v6i cac truong hgp dao dong trong van hanh xay ra
& khoang thoi gian trén 65% tudi tho ciia ABESS.
Dai véi truong hop danh gia do tin cdy cua hé thong
ABESS chi xem xét phu tai AC, ca hai trong s6 z va w
can dugc quan tdm bdi vi néu mot trong hai thiét bi
chuyén déi DC-DC hoic inverter DC-AC gip su ¢
thi d tin c4y hoat dong ctia toan bd hé théng ABESS
sé giam dang ké.
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Bang 3: Cdc kich bdn mé phdng ciia hé théng ABESS bat dau tai thai diém hoat déng hoa luéi (mirc SOC cia hé
théng ABESS dang chi thj & gid tri 50%)

(a) Hé thng ABESS hoat dong & ché d) hoa lugi: T thoi diém bat ddu mé phong dén giay thi 20

Cong sudt ctia Giéy tha 5 Giéy thu 6 Giéy tha 7 Giéy thu 8 Giéy tha 9

phu tai (kW): 75 kW 100 kW 125 kW 150 kW 175 kW
Giay thi 10 Giay thi 11 Giay thi 12 Giay thi 13
200 kW 150 kW 100 kW 50 kW

Bic xa nhiét Giay thu 14 Giéy thu 15 Giéy thi 16 Giéy thi 17

(W/m?2): 800 900 1000 800

Trang thdi cha T gidy thit 8 dén 10 T gidy thit 17 dén gidy thit 19

hé théng PVS:  OFF OFF

(b) Hé thong ABESS hoat dong 6 ché do tach ludi: Tu gidy thi 20 dén gidy thi 35

Cong sudt clia Gidy thi 21 Giay thi 22 Giay thi 23 Giay thi 24 Giay thi 25
phu tai (kW): 75 kW 100 kW 125 kW 150 kW 175 kW
Gidy thtt 26 Gidy thtt 27 Gidy thti 28 Gidy thtt 29
200 kW 150 kW 100 kW 50 kW
Bic xa nhiét Giéy thi 30 Giéy thi 31 Giéy thu 32 Giéy thi 33 dén gidy thi 35
(W/m?2): 800 900 1000 800

(c) Hé thong ABESS hoat dong & ché d) hoa lugi: T gidy thi 35 tré di

Bang 4: Cdc kich ban mé phéng ciia hé théng ABESS bat ddu tai thoi diém hoat déng tdch Iu6i (mirc SOC ciia hé
théng ABESS dang chi thi & gid tri 80%)

(a) Hé théng ABESS hoat dong & ché d tach lugi: T thoi di€ém bat ddu mo6 phong dén giay thi 20

Cong sudt clia Gidy thi 5 Giay tht 6 Giay tht 7 Giay thi 8 Giay tht 9

phu tai (kW) 75 kW 100 kw 125 kw 150 kw 175 kw
Gidy thi 10 Giay thi 11 Giay thi 12 Giay thi 13
200 kW 150 kW 100 kW 50 kW

Bic xa nhiét Giéy thu 14 Giéy thu 15 Giéy thi 16 Giéy thu 17

(W/m?): 800 900 1000 800

Trang thai ctia Tu gidy thi 8 dén 10 Tu gidy thit 17 dén giay thid 19

hé théng PVS: OFF OFF

(b) Hé thong ABESS hoat ddng & ché d0 hoa luéi: Tu gidy thu 20 dén gidy thi 35

Cong sudt ctia Giéy thi 21 Giéy thu 22 Giéy thu 23 Giéy thu 24 Giéy thu 25
phu tai (kW): 75 kW 100 kw 125 kw 150 kw 175 kW
Gidy thit 26 Giay thi 27 Giay thi 28 Giay thi 29
200 kW 150 kW 100 kW 50 kW
Bic xa nhiét Giay thi 30 Giay thi 31 Giéy thi 32 Gidy thi 33 dén gidy thd 35
(W/m?): 800 900 1000 800

(c) Hé thong ABESS hoat dong & ché do tach luéi: Tu giay thu 35 trd di

11
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Bidirectional DC/DC Canverters.
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Hinh 5: M6 hinh mé phéng ctia hé théng ABESS trong lugi dién MG tich hgp véi hé théng PVS
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Hinh 6: M6 phong su thay d6i clia phu tai dé khao sat nhiing anh hudng déng hoc dén hé théng ABESS

Dgtin ciy

Tan sult hu hong (s In hur hong 10 h)
Thoi gian trung binh xdy ra hus héng (nam)

00 01 02 03 04 05 06 07 08 03 10
Gid trj trgng 56 2

020 020

040 060 0.40 060 030

Gidtri trong s6 z

()

Gié tri trong s6 2

(@)

(b)

Hinh 8: K&t qua danh gia do tin cay clia toan bd hé thong ABESS khi xem xét ca phu tai DC va AGC; (a) tan suat hu
hong, (b) d6 tin cay va (c) MTTF tuang (ing véi trong sé ctia hé théng ABESS
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Hinh 9: Két qua danh gia dd tin cay clia toan bo hé théng ABESS khi chi xem xét phu tai AC; (a) tan suat hu hdng,
(b) d6 tin cay va (c) MTTF tuong Ung vdi trong sé cia hé théng ABESS

KET LUAN

Trong nghién ctiu nay, mét phuong phap danh gia do
tin cdy hai budc dua trén cac moé hinh Markov cho
hé thdng ABESS trong ludi dién Microgrid khi xuét
hién céc hién tugng dao dong trong van hanh dugc
trinh bay. D¢ tin cdy cua toan bd hé thong ABESS da
dugc danh gid bang cdch chia nho thanh hai hé théng
phu, gdm hé théng DC phuc vu cip ngudn cho tai DC
va hé théng AC phuc vu cdp nguon cho tai AC. Cac
kich ban dao dong trong van hanh ngiu nhién ctia hé
théng ABESS va hé thong PV trong MG dugc thiét
ké va mo phong bang phan mém PSCAD. Két qua do
tin cay ctia ABESS dudc cho thy nhiing kinh nghiém
quy bau sau:

1. Khi céc hién tugng dao dong cta hé thdong
ABESS xdy ra ngiu nhién trong khoang thoi
gian trén 65% vong doi thi tdn sudt xudt hién
hu héng tang rit nhanh tuong ting véi s6 lan
yéu ciu stia chiia do gia tri MTTF gidm manh;
va viéc danh gia d¢ tin ciy ctia hé thdng ABESS
khong con quan trong & giai doan nay.

2. Gid tri MTTF giam rat nhanh khi xuét hién céc
hién tugng dao dong trong van hanh, cu thé 1a
dao dong dién dp va t6n thit cong suit.

3. Do tin ciy ctia hé théng ABESS c6 thé dugc cai
thién béing cich gidm thiéu cic dao dong trong
van hanh, chu yéu la gidm cac hién tugng dao
dong dién dp, nhiét 46 va ton that cong sudt ctia
cac thanh phén chinh trong hé théng ABESS.
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ABESS: Hé thong pin luu trii nang lugng — Aggregate
Battery Energy Storage System

MBESS: H¢ thong tich trii ning lugng di dong - Mo-
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AC: Dién xoay chiéu - Alternating Current

DC: Dién mot chiéu - Direct Current

MTTEF: Thoi gian hu héng trung binh - Mean Time
To Failure

TDEFR: Tén sudt hu hong dya trén thoi gian da hoat
dong - Time-dependent Failure Rate

MCS: M6 phong Monte Carlo - Monte Carlo Simula-
tion
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An assessment methodology on reliability of Aggregate Battery
Energy Storage System considering dynamic operation

Duong Bui Minh', Phuc Le Duy?'"*, Hoan Nguyen Thanh?, Khang Tran Nguyen?, Phuc Hoang Minh?,
Phuc Huynh Cong?, Minh Doan Ngoc?, Hoai Banh Duc?, Dung Viet Nguyen?

E!?sa"ﬁﬁg
%’\% ABSTRACT

b Nowadays, distributed generators in Microgrids (MG) are developed to exploit the clean and re-
[ newable energy from nature, such as solar irradiation, wind power, tidal wave, etc. Accordingly,
Use your smartphone to scan this an Aggregate Battery Energy Storage System (ABESS) is implemented to achieve the stability and
QR code and download this article reliability of MG. To be clearly decribed, the ABESS will play a main role as a power controller in

supply-demand operation of MG. In order to demonstrate significance and importance of ABESS
in the MG, its operation reliability will be introduced in this paper. The authors will use an analyt-
ical methodology based on Markov models to assess the operation reliability of the whole ABESS
under dynamic operation cases. According to dynamic operation cases of MG with the ABESS and
Photovoltaic Generation System (PVS), the failure rate of the ABESS is different. Simulations and test
results are presented and discussed to prove that the operation reliability of the ABESS in the MG
significantly depends on different dynamic operation along with the voltage dynamic and power
loss.

Key words: Reliability Assessment, Aggregate Battery Energy Storage System, Microgrid, Failure
Rate
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