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TOM TAT

Lué6i dién vi mdé mot chiéu (LDVMMC) thuong st dung hé thong dién mit troi (PVS) va hé
thdng pin tich trir nang luong (BESS) khi hoat dong tach khoi ludi dién chinh. Theo d6, nhiing trudng
hop dao ddng trong qua trinh van hanh hodc sy ¢ cua hé théng PVS s€& anh hudng dén do tin cdy
hoat dong cia cac bd chuyén ddi cong suat. Nghién ciru nay thuc hién viéc danh gia do tin cdy cua
céc bo chuyén déi DC-DC ting ap (BTA) trong hé théng PVS duéi diéu kién dong hoc hodc su cb.
bé thuc hién phan tich d9 tin cdy hoat dong, cac chi s6 v& tan suét hong hoc dya vao dao dong dién
ap (TSHH_DDPA) hoic dong dién sy ¢ (TSHH_DDSC) ctia BTA duge phuong trinh héa. Cu thé,
BTA va cac phén ttr cAu thanh s& duge danh gia do tin cay dua vao sy két hop gitra tan suit hong héc
do thoi gian sir dung (TSHH_TGSD), TSHH_DPDA va TSHH_DDSC véi mé hinh chuyén trang
thai Markov. Céc két qua thuc nghiém da cho thay tudi tho hoat dong trung binh (TTHDTB) va thoi
gian hong héc 1ap lai (TGHHLL) ciia BTA ciing s& giam dang ké boi nhitng anh hudng tir qua trinh
dong hoc va sy cd trong LBDVMMC.

Tie khoa: BO tang ap, ludi dién vi mé mot chiéu, dong hoc, su cd, hé théng dién mat troi, danh gia d9 tin cay.
1. GIOI THIEU

Hé théng dién cyc bd thuong chira mot s6 ludi dién vi mdé mot chiéu (LBVMMC) ¢6 tich hop
ngudn dién mit troi (PVS) va hé thong pin tich trit niang luong (BESS). Trong nhitng ludi dién nay, phu
tai sinh hoat thuong sir dung ngudn dién mot chiéu lay tir hé thong PVS tai LDVMMC [1-3]. Bé dap
g voi nhitng dao dong dong hoc bén trong LBVMMC, hé thong PV'S thudng dugc trién khai két hop
v6i hé thong BESS bai vi hé thong nay co6 thé hoat ddng xa/nap cong suat dé hd tro cho hé théng PVS
déap g nhu ciu ctia phu tai tiéu thu dién. Tuy nhién, hoat dong nap/xa cua hé thong BESS va tinh bat
dinh cuia tw nhién, von khién cho cong suét ngd ra cua hé théng PVS dao dong, c6 thé gay anh huong
dén do tin cdy hoat dong cua nhimg thiét bj chuyén dbi cong suit bén trong LDVMMC. Hon thé nira,
nhimg sy ¢0 xdy ra trong qua trinh van hanh cting anh huong tiéu cuc dén nhimg thiét bi chuyén doi
cong suat d6. Chinh vi thé, trong bai nghién clru ndy, cac tac gia s€ nghién ctru vé do tin cay hoat dong
cua bo tang ap (BTA) trong nhitng vién canh dong hoc va sy co.

1.1. Téng quan vé vin dé nghién ciru

Viéc danh gia do tin cay vé BTA cta hé thong PVS duoc thyc hién trong nhing nghién ctru [4-
10]. Theo nghién ciru [4], viée phan tich do tin cay cac bo chuyen d6i xen k& nhiéu pha dwa vao cac gon
song dién ap cua tu dién, ton that dién ning trong cac khéa diéu khién dién tir cong suat va ty 1¢ hong
héc ting phan tir roi rac. Theo d6, nhitng mo hinh Markov dugc sir dung dé tinh toan tudi tho hoat dong
trung binh (TTHDTB) cua nhiing bo chuyén d6i cong suét .dang nay. Nghién ctru [5] trinh bay vé khung
cong viée dé du doan d¢ tin cdy cua cac bo chuyen doi cong suat dya vao do thoi gian st dung
(TSHH_TGSD) va tan suat hong hoc dua vao két qua ude luong tudi tho. Cac nghién ciru [6, 7] xem
xét ca hai thong s6 birc xa nhiét va nhiét do moi truong xung quanh nhung boé qua nhitng trudng hop
dao dong phu tai cia LDVMMC khi thuc hién danh gia do tin cay bo chuyén d6i cong suét cuia hé thong
PVS. Nghién ctru [8] chi xem xét dén thong tin do tin cdy cua nhing b chuyén d6i cong sudt va su phu
thudc 13n nhau cta cac thanh phan riéng 16 trong bo chuyén d6i cong suat. Tai nghién ctru [9], mé hinh
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phén tich d¢ tin c@y va chi phi dua vao phuong phap Markov dugc thuc hién cho cac b tang ap xen k&
hai giai doan va ba giai doan, trong d6 nhiét d6 moéi truong xung quanh va ton that dién nang 1a cac bién
s6 duy nhét dé tinh toan tan suit hong hoc. Viéc danh gia do tin cdy ciia timg phan tir riéng 1é trong bd
chuyén ddi cong suat con duoc c6 thé thyuc hién dya vao ton that cong suét va nhi¢t d§ van hanh, theo
nghién ctru [10]. Nhin chung, nhiimg nghién ctru néu trén da cho thdy su can thiét cua viéc danh gia do
tin cay hoat dong cuia thiét bj chuyén doi cong suat tang ap trong LDVMMC. Tuy nhién, nhimg nghién
clru d6 chua thyc su tap trung xem xét dén van @& dong hoc ciing nhu cac tan suat hong hoc do dao
dong dién ap/dong dién sy c6 (TSHH_DDDA/TSHH_DDSC) gdy ra. Chang han nhu, TSHH DDA
nhiéu chu yéu do céac hién tuong dao dong cong sudt ngd ra cua hé thong PVS hoic dao dong phu tai;
trong khi d6 TSHH_DDSC xuit hién do cac trudng hop van hanh quéa d6 khi LDVMMC gip su cb cuc
cham cuc hodc cuc cham dit. Bén canh do, viée danh gia d¢ tin cdy cia cac BTA ciing nén dugc thuc
hién trong cac diéu kién van hanh dién hinh. Tir viéc khao sat nhitng nghién ciru trén, ¢6 thé thay rang
mot vai khia canh vé& nghién ctru danh gia do tin cay cia BTA trong hé théng LBVMMC c6 tich hop
hé théng PVS va BESS chua duge xem xét dén, cu thé nhu sau:

«  Viéc xac dinh tan suit hong hoc cua cac thanh phan riéng 1¢ bén trong bd chuyén dbi cong suét
chua xem xét dén van dé dong hoc va sy cb trong qua trinh van hanh. Trong do, van dé dong hoc
dugc thé hién théng qua nhitng anh hudng boi dao dong hodc xung dién ap, ton thit dién ning
va nhiét o van hanh cua cac thiét bi dién tir cong suét. Ngoai ra, van dé sy ¢ lai duoc thé hién
khi xuét hién dong dién nga“in mach;

* Bén canh su thay déirmang tinh chét qgﬁu nhién ctia ngudn PV'S thi van dé dao dong khi phu tai
chuyén dich cong suat hodc sy ¢0 xuat hién trong LDVMMC ciing chua duge xem xét day du
trong cac nghién ctru lién quan dén dg tin cay hoat dong cua BTA;

+  Nhimng két qua thir nghiém dong hoc va qua d¢ bén trong LBVMMC ciing chua khai thac du cho
viéc nghién ctru danh gia do ti‘n cay hoat dong cua BTA. Do do, viéc déqh gié‘ do tip cay hoat
dong cuia BTA trong nhitng di€u kién van hanh & ché d6 dong hoc va su co 1a can thiét.

1.2. Nhitng dong gop ciia bai nghién ciru

Muc tiéu chinh ciia bai nghién ciru 1a phat trién mot mé hinh danh gia do tin cay ciia BTA trong
LDVMMC tir nhitng truong hop van hanh dong hoc va su ¢ dién hinh. Cac thong s6 TSHH_DDDA
va TSHH_DDSC sé dugc tinh toan tir nhitng s6 lidu thue nghiém sy cd trong LDVMMC dé tién hanh
phan tich. Nhiing thong s6 TSHH_TGSD, TSHH_DPDA va TSHH_DDSC s& duoc sir dung dé danh
gi4 d6 tin cay cua BTA. M6 hinh chuyén trang thai Markov duoc str dung dé danh gia do tin cay & cp
d6 thanh phan bang cach mé hinh hoa su ¢ cia cac thanh phan riéng biét bén trong BTA thong qua
viéc tinh toan thong s6 TSHH TGSD, tan suit hong hoc dua trén nhiét d va ton that dién ning cing
v6i cac théng s TSHH DPDA va TSHH_DDSC. Cac trang thai 6n dinh cia mé hinh Markov ¢6 thé
thu duoc bang cach tinh toan ma tran chuyén tiép, bit ngudn tir sy chuyén ddi giita cic trang thai tin
sudt hong hoc va tan suat stra chira. Cudi ciing nhung khong kém phan quan trong, thoi gian trung binh
dan dén hu hong va thoi gian trung binh giita cac lan hu hong ciia BTA ciing duoc phan tich va thao
luén theo nhiing truong hop dong hoc va qua dé cia LDVMMC c6 tich hgp hé thong PVS va BESS.

2. HOAT PONG PONG HQC CUA BTA THUQC HE THONG PVS TRONG LDVMMC

Ludi dién vi md Luéi dién vi md Luéi dién vi mé
ho gia dinh #1 ho gia dinh #2 hd gia dinh thir n
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Hinh 1. Mb hinh LBVMMC c6 tich hop hé théng PVS-BESS
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Hinh 2. Hai trang thai hoat dong khoa diéu khién cia BTA trong hé théng PVS

Hinh 1 thé hién mo hinh LBDVMMC quy mo h¢ gia dinh c6 tich hop hé thong PVS-BESS. Tai do,
mot hé chuyen dbi cong suét tong hop (HCDCSTH) gom BTA cua hé théng PVS, bo chuyén d6i DC-
DC hai chiéu cta hé thong BESS, va b chuyén d6i cong sudt ha ap cho cac thiét bi sir dung dién ha thé
mot chiéu. Cac HCDCSTH cua LDVMMC dugc két ndi véi nhau thong qua mot diém dau ndi chung.
Ngoai ra, tai xoay chiéu ciing duoc két ndi voi niit nay thong qua viée sir dung bo nghich luu DC-AC.
Dbi voi mdi LBVMMC quy md ho gia dinh, cong suat du ra cia hé thdng PVS duge xir 1y bang bo
diéu khién bam diém cong sudt cuc dai (MPPT) dé co thé tan dung ti da nang lugng bic xa mat troi
va nhiét d6 moi truong. BESS st dung bo chuyén ddi hai chiéu dé diéu phdi dong dién nap/xa nham
cin bang cong suit ngudn-tai trong LBDVMMC. Bén canh d6, bo chuyén dbi cong suat ha ap duoc sir
dung dé ha muc dién ap nham phuc vu cho cac phy tai mét chiéu [11]. Hinh 2 cho théy so dd cia BTA
va hai trang thai khoa didu khién cua n6. Dong dién PVS Ipy va dién ap Ver 12 dau vao cia bo chuyén
ddi. Tham sd I, py 12 dong dién vao tu Cpy. Ngoai ra, con c6 cac thanh phﬁn khac nhu: dién tré ndi cua
cudn cam Rjp, va dién cam Lg, dién trd cua tu dién dau ra Rc, va dién dung Cz. Bién ap diu ra cua BTA
duoc hién thi boi Vy.

2.1. Giai doan khéa diéu khién ¢ trang thai déng ciia BTA

Céc phuong trinh khong gian trang thai lién quan dén hoat dong dong hoc ciia BTA trong hé thong
PVS dugc trinh bay nhu sau [12]:

Ry +rg, 0 1 0
L . L

i{iL,PV:| _ i i {h,pp} 4 " 1 P}P;f } (1)
dt| v 0 —7& Ve 7R Lioad
v,=|0 [L j [’} o e {v} )
R+R. Ve (l + R7(j Yoad
R

No6i chung, cudn cam va khoa diéu khién bén trong BTA hoat dong tuy thudc vao dong dién iz py
va dién ap vpy, trong khi tu dién phu thudc vao di¢n dp dau ra cua tu dién vc va dong dién tai ipaa trong
giai doan dong khoa di¢u khién cua b chuyén doi.

S

2.2. Giai doan khéa diéu khién & trang thii mé ciia BTA

Ap dung dinh luat dién 4p Kirchhoff, dién ap vpy va toc d6 thay dbi ciia dong dién iz, py dugc biéu
thi nhu sau:
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Cac phuong trinh khong gian trang thai lién quan dén hoat dong dong hoc ctia BTA trong hé thong
PVS dugc thé hién trong cac phuong trinh sau [12].

‘B

1 R 1 R L _L
——| R+ —5—~ - l+— L, R.
) L, R, L, R ||r L|1+=¢
i{l“"}: 1+? R l+? {l"”’"}r R {v,.,} 4)
dt| ve 1 1 Ve 0 1 bioad
R. N R, CB(H&j
Cyl 1+—5 RC,[1+—< R
R R

R

c R i py R. Vpp
v, = 7[ ] [ﬁk”% } 0 _7( a3 L } 5)
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Co thé théy réng, d6 tin cay hoat dong cta cac linh kién cudn cam va di-bt trong BTA trong PVS
chu yéu phu thudc vao dong dién i py va di€n ap vey; trong khi d6, d9 tin cdy cia cac linh kién tu dién
phu thudc vao cac thong so dau ra cua ve (hodc vg) va ijqe nhu trong Hinh 2.

3. PHAN TiCH SU CO CHO BTA PVS TRONG LDVMMC CO TiCH HQOP PVS VA BESS
KHI HOAT PONG TACH LUOI

Trong nghién ctru nay, nhitng sy ¢ cuc cham cuc va cuc cham déat duoc thuc nghiém dé phan
tich qua d6 cua BTA trong hé thong PVS. Theo do, cac khoa diéu khién trong BTA sé& thyc hién ngit
mach khi sy c6 xuat hién trong LDVMMC. Tuy nhién, cac khoa diéu khién nay ciing bi anh huong néu
nhu dong dién ngén mach 16n. Hinh 3 minh hoa ba vi tri thuc hién su ¢d, F1, F2 va F3, dé phéan tich qua
d6 cua BTA trong LDVMMC. Cu thé, F1 1a vi tri su ¢ tai nat dau ndi chung, F2 1a vi tri lién Kkét vai
phu tai va F3 la vi trf su ¢b gan hé théng BESS. Do quy dinh vé d6 dai cua bai nghién ctru, nhom tac
gia chi phan tich chi tiét anh huong cua su ¢b F1 dén hoat dong qua d6 cua BTA trong hé théng PVS.
Dbi véi su cb tai F2 va F3, cach tiép can va phan tich ciing duoc thuc hién tuong ty.

............... L 3 Nt dign mt chiéu
P - B4 chuyén dbi ting 4p Rows Lo + -
by P IVYYY Dt
+ J— Ly Ry D, @i
i
3 EE Vey Crrr Q"J R, Vocr
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Hinh 3. Mach tuong duong khi xéy ra sy c6 cuc cham dit trong LDVMMC chira hé théng BESS-PVS
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Hinh 4. Mach tuong duong cho sy ¢b cuc cham cuc tai vi tri F1

Qua trinh sy ¢6 cia BTA trong hé théng PVS c6 ba giai doan chinh. Giai doan I 14 sy phong dién
cua ty dién trong khoang thoi gian [77,12) v6i su b xdy ra tai thoi diém ¢ tai vi tri F1. Giai doan II 1a
giai doan bom dong dién tir ngudn PVS va cudn cam [#2,43). Giai doan III la giai doan phéong dién tu do
clia ngudn PVS va cudn cam [f3,¢7). Sau thoi gian 1, dong dién su ¢d dat gi tri xac 1ap.

e Giai doan I — Sy phong dién cua tu dién dau ra: Khoa diéu khién IGBT 0Oy dong tai thoi diém
bat dau sy ¢0 cuc cham cuc ¢;. Giai doan I xem xét dén cac thong s6 mach Cs, Rc, Riiner, Riine2,
Lijne1, Liine2 va dién trd su O Ry, Pap Gng dao dong Ra. < 2*sqrt(Lpc/Cg), Rac = Rc + Riiner + Riine2

+RVa Lae = Liiner + Liie2 cling dugc xem xét trong giai doan nay. Tai thoi diém ¢, dién ap ve(t_1)
= V¢ va dong dién dau ra cia BTA PVS irpi(t 1) = Iy.
2
L,C, e v m e, Pe gy 2o
] dt (6)
i =—Cy dl; i py (Z), o :(71.6')
dt 1o
ve(t)=Ve " sin(w,t +6)
(7

Vet
i/},y(t)‘z‘% =V ’f" esin(w+60-p) :
- de

Trong d6: 8 = Rae/2Lac; o - ,“’5 2 \/(1/ L, Cy) (R oLy )2 :
2

o

a)n a)nCB .

Tai thoi diém bét dau sy ¢d, dién ap ve(?) gidm. Sau do, di-6t Dy bat dau dan dién cho dén khi di¢n
ap vc(?) giam xuong mot gia tri nhat dinh thi két thuc giai doan I dé chuyén tiép sang giai doan II.

0, Y JELCy it 10)

Ve V= cho"'{Vco
1

Vcoi_io

o,Cp

¢ Giai doan II — Giai doan cép dong dién ngu(“)n PVS va dién cudn cam: Tu dién Cpy va nguén
PVS sé& tham gia vao qua trinh hinh thanh dong dién su co. Pong thoi tu Cp tiép tuc phong dién
ve vi tri sy ¢6 F1. Tat ca cac ngudn dong su co co thé dugc danh gia theo cac phuong trinh vi

phén sau.
dv,,
— 0 0 -1 0
i Ve,

/C 124

dv, Ver
jiadel 0 0 ) -1
dt %j B Gy Ve

digy |- /L Voo 0 o | g L] (®)
Cdr s ’ X . o
dl/fPP 0 %rﬂ 0 - %’l

dt
Isc.pv (t) +(_iC—PV (t)) =iy py (t)th 21 ®
“'c(’):".fwPV(t),ﬁg —iy py (£),VE 21, (10)

109



Lé Duy Phuc, Bui Minh Dwong

O giai doan I, c4c tu dién dang phong dién vao vi tri F1 nén cdc tac gia st dung ddu am cua (-ic)
va (-icpr) dé thé hién. Thoi diém bt dau giai doan II 13 7, v6i thoi diém £, > ;. Dong dién iscpi(?) 1a
dong ngan mach tir ngudn PVS. Luu ¥ rang, giai doan III bat dau khi gia tri dién ap tu vscpr(®) = 0.

e Giai doan III — Giai doan phong dién ty do cua dong dién nguon PVS va dién cudn cam:
R Co Ly, Ry, R, L

linel > lmel >~ PV line2 > line
nay voéi diéu kién Rae.m < 2*sqrit(Lpc.u/ Cpy); trong 40, Racur = R + Riiner + Riine2 +Ry va Lac.ir =
Lg + Liiner + Liine2 cling duge xem xét. Diéu kién ban dau cia giai doan nay 1a dién ap tu ves(ts) =
Vo,pr va dong dién mot chiéu ir,pr(t3) = Iy py tai thoi diém #3.

,VvaR, dong dién tu icpry duge xem xét trong giai doan

d*v dv
L .C,, —2+R C, —L+v, =0
‘de 111 ™~ PV dtz de 11l ™~ PV dt PV

(11)

dvp,
dt
Vpy () =V, sin(@,t +6,)

. C B ,ViEt, 12
i py () =~Vp, ’L P_e™ sin(@,t+6, - B) ’ (12)
‘de 11T

s (8)+(Ziepy (£)) =iy () =1y () R (13)
2
Véi 5 Rdc 11 /2Ld N > Oy \/a)dl - 52 \/ 1/ de 1T PV dL',II[/2de,III) > Wy :1/\'de,IHCPV ;

2
R 0, I
B= tanil( n1/5 ) Vo.rv svay,, = \/VOZ,PV + (VO,PV — _MJ :
7 w

ic_py =—Cpy

6, = arctan w .C
5‘1 _ 0,L,PV nl nl

I/O.PV C
o, 0,C,

n nl

Khi dién ap tu vpy(?) = 0 thi dong dién su ¢d cuc cham cuc dat trang thai xac 1ap tai thoi diém 14,
v6i ty > t3. Phuong trinh (13) c6 thé dugc viét lai nhu sau.

iy () =1, py (£) =1,y (1) . Vt>t, (14)

Téng dong dién su ) cuc cham cuc & du ra ciia BTA hé théng PVS bét dau tir trang thai qua do
sang trang thai xac 1ap co6 thé dugc tinh bang cong thirc (15).

iy () =0/ (t)|th +i, (t)|tﬁt3 iy (t)|tﬁt4 +i, (t)Lﬁw b, >0 > > (15)

4. MO HINH PQ TIN CAY CUA BTA THUQC HE THONG PVS TRONG LDVMMC

4.1. TSHH_DDDA ciia nhirng linh kién dién tir trong BTA
4.1.1. TSHH _DPDPA ciia khéa diéu khién IGBT

Céc thiét bi IGBT thuong dugc sir dung lam khoa diéu khién trong BTA. TSHH_DPDA Ap,,/%"
cua IGBT duoc tinh bang phuong trinh (16); trong do, ty 1¢ hong hoc co ban sz tiy thudc vao ung
dung cua IGBT [13].

IGBT _
}‘Dyn A‘OTH F Thermal + 2OT CyCaxeF TCyCase + A‘OT CySJ F TCySJ + }“ORH FRH + AOMechF Mech )H[nduced H[’M HProcess (1 6)
Ay-1GBT
1
11604x0, 7{293 e 779) +273)} (17)

Frnerma = F

ectrical€
V6i hé s nhiét Fiermar 13 ham cua nhiét do 76 va hé sb lién quan dén hoat dong dién cia IGBT
18 Frrecirical. FElectricar 18 h€ 0 phu thudc vao dién ap duoc tinh theo phuong trinh (18).

- (VApph [V, scsr )244 1f( e [V, ’G”) >0,3
lectrical —
F 0,056 if( Applied /VV.IGRT ) <03

(18)

V6i dién ép dat IGBT 1 Vipiiea va dién ap dinh mic IGBT 1 ¥, 67 (thdng s6 do nha san xut
cung cap). Ty 1¢ hong hoc cua khoa diéu khién IGBT phy thudc vao dién ap dat, ton that cong suat
IGBT va méi trudng xung quanh no, thay doi dua vao qua trinh hoat dong cua né.
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4.1.2. TSHH DPDA ciia di-ot
TSHH_DDDA ciia di-6t trong BTA Ap,,”% c6 thé dugc tinh bang phuong trinh (19).
Apne = ﬂ’b—DiodeHTHSHCHQHE (19)

Dyn
Vi ty 1€ hong hoc co ban Ay-pisde duge dédt & mirc 0,005; hé ) xay dyng [1c dat & mac 1,000; hé
s6 chat luong 71y dat & muc 2,4000; hé $6 moi truong [y dat & muc 6,000. HE ) ung suét dién /75 duge
tinh theo cong thire (20) va hé s6 nhiét do /7 dugc trinh bay trong cong thirc (21).
245 .
H _ {(VApph’ed /I//;diade) lf 0’3 < (VApp/ud/ r.diode ) < 1

20
0,054 if (VApplied / v, diude) <03 @0

V6i dién ap dat va dién ap dinh mirc phan cuc ngugc cua di- St 1an luot ky hiéu 18 Vippiiea va V. diode-
Su dao dong dot ngdt vé cong suét tai ¢ thé lam thay ddi dang ké dién ap vao di-6t.

1 1
B 73091[ @ _D,»,,de+273)298] (21)

I1,=e

Vi T piode 12 nhiét do mdi nbi di-6t ciing 1a ham s6 cta ton that cong suét trong truong hop xau
nhat PP¢ theo [9, 10].
4.1.3. TSHH DDDA ciia tu dién
M6 hinh tu dién TSHH_DBDA 15, ¢6 thé duoc biéu thi bang phuong trinh (37):

Cap __
ﬂ’ ﬂ’ x (HThermale/ectrical + HTCy + HMec/mnical ) x Hlnduced x l_IPM xII

Dyn b_Cap Process
3 1 1
11604 x E [
I _ VApplied R {293 ch,+273} (22)
Thermal—Electrical — 7 78 S X v X e
Ref r,Cap

Trong d6 y ;.. , Srey Eq duoc dat gid tri lan luot 1a 0,700; 0,550 va 0,400; dién ap dat vao tu la
V appiiea; va di€n ap dinh muc cua tu 1a V. c.p. Nhiét d6 161 tu dién 7j cqp €O thé dugc tinh nhu sau [14]:
7w/‘,Cap - T + 9 ( r CapRs Cap) (23)
pCar
Vi dién trd nhiét cia tu dién tir 161 ra moi truong 1a ¢ [°C/W]. Dién trd twong duong cua tu ndi
tiep 12 Rs,cqp; cONg sult tiéu tan cua ty dién trong BTA 1a P“?; va dong dién gon song cta tu 13 1, cqp.
4.1.4. TSHH DDDA cua cuén cam
M5 hinh TSHH_DPDA ciia cudn cam Ap,,"? c6 thé dugc biéu thi bang cong thirc (24):
/1[1)’)’1‘:; - /Ibilnducmr x (HThermaI—Electrical + 1_[TCy + HMechan[al ) x Hlnduced x 1_[PM x HProcesA‘ (24)
Trong do, tan suét héng hoc co ban, Ap-maucior, duge chon 6 muc 0,250; I7¢, 6 muc 0,800; Iyechanical
& muc 0,269; Hpaycea 6 muc 2,000; Ipy 6 muc 1,700; Iyocess @ mitc 4,000. Ngoai ra, [ rhermal-Electrical
duoc tinh bang phuong trinh (25):

1 1
11604 xE, x| — — —————
‘ {293 (T,M+273)} (25)
HThermalelectrical - }/TE xe

Véi y . va E, phu thudc vao loai cudn cam, thong thuong lan luot 14 0,700 va 0,400.

4.2. TSHH_DDSC ciua cac linh kién dién tir trong BTA PVS
4.2.1. TSHH DPSC ciia khéa diéu khién IGBT
TSHH_DDSC A 17ans'%®7 ctia khoa diéu khién IGBT Q véi di-6t c6 thé dugce tinh toan nhu sau:

IGBT

1687 _ Musud—rimeU trans
g = Mk (26)

Trans

Trong 6 Uryans thé hién tinh sin sang cua thanh phan IGBT c6 thé dwoc x4c dinh theo (27):
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-1
1 —&(Igc—1, )}
U ans 1+ —1le SC™rared (27)
! I: [Umedtime J

Trong ché d6 hoat dong binh thudng, tinh sin sang cta cac thanh phan IGBT Ussed.sime ¢6 thé dugce
tinh toan bang:

ﬂ, IGBT
used —time
Umed—nme - W—W (2 8)

used —time +luuved time

Trong d6, tan suat hong hoc do thoi gian sir dung ky hiéu 13 Ausedind ©®7; dong dién ngan mach Isc
(trén moi don vi) chay qua cac bo phan IGBT bén trong BTA; dong dién dmh muec cua linh kién IGBT
Latea; V2 toc d6 stra chira/thay thé khong 01 pused-imd @7, HE s6 £ = 0,2 duge chon sau khi xem xét anh
huong ciia dong dién ngan mach dén cac b phan dién [15,16]

4.2.2. TSHH DPSC ciia di-ot
TSHH_DBSC J1ans?*% ctia di-6t dugce tinh theo phuong trinh (29).

Diode

ﬂTDiode _ /Llused—time Trans
rans 1-U. (29)

Trans

Trong 6 Uryans thé hién sy thiéu sin sang cua linh kién di-6t, tinh theo cong thirc (30).

-1
— 1+[ 1 _lJeﬁ(’sclrm«):| (30)
Uused ~time

Trong diéu kién hoat dong binh thuong, su thiéu sin sang cua linh kién di-8t Unsed-sime cO thé duge
tinh bang:

U.

Trans

/lelode
used—time
Uused—time - lede Diode (31)
used—time /uused time

Vi Aused-ime™® 12 tAn sudt hong hoc do thoi gian sir dung; Isc 1a dong dién ngan mach chay qua céc
di-ot bén trong BTA; dong dién dinh mitc cia di-0t 1 Lueq; va toc do sira chita/thay the mused rime . HE
s0 € = 0,5 dugc chon sau khi xem xét anh huong cuia dong dién ngan mach dén cac linh kién dién tir [16].

4.2.3. TSHH _DPSC cua tu dién

BTA trong hé thdng PVS c6 nguy co bi hu hong do dong dién su ¢b cao phong ra tir ty dién khi
xdy ra su c6 cuc cham cyc. Tu dién dé bi anh huéng boi cdc truong hop qua df trong cac sy b co tro
khang cao do dién ap ting, ngay ca khi dong dién sy ¢d chi 1a dong rd mot chidu. TSHH_DBSC Aryans
cuia tu dién c6 thé duoc tinh bang phuong trinh (32).

A =[ [I;:’i:"] [[{jf] ] ,Vn,meR (32)
Véi dic diém tudi tho & diéu kién tiéu chuan laLo= 108 gio; dong ngén mach xa tir tu 1a Isc; dong
dién xa dinh muc cta tu dién 13 Jues; hdng s6 n, 3 <n <5;va hing sb m, 5<m <94 [15,17].

4.2.4. TSHH DDSC cua cuén cam
TSHH_DBSC /7ans™ clia cudn cam trong BTA c6 thé duogce tinh bing phwong trinh (33):

—-m _n -1
v, . .
L,| et [ I j VmmeR (33)
Vr,[nd I rated
Trong d6 Isc 1a dong dién ngin mach qua cudn cam; Lueq 14 dong dién dinh mire cho phép qua cudn
cam; dién &p dinh muc ctia cudn cam 1a V. j,q; hang so n, 3 <n <5;vahangsd m, 5<m <94 [15, 17].

ﬂq{:” (Zl.\\ =

4.3. M6 hinh danh gia d¢ tin ciy dé xuat cho BTA ciia PVS

4.3.1. Tong tan sudt hong hoc ciia BTA trong hé thong PVS
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Téng tan suat hong hoc cia BTA trong hé thong PV'S, Aru/”, 14 su tong hop cua tan suat hong
hoc do thoi gian st dung dused-ime”’, TSHH_DDDA /p,”" va TSHH_DBDSC Arvans””. Theo d6, ¢6 thé
duoc bicu dién dudi dang cong thic sau:

PV _ﬂ,PV 7:45511,131/ _TDyn,PV _TTrans,PV lPV D)n PV + PV TTrcms_PV
Z'Tuml — “Mused —time T ‘Dyn ﬂ'Tmm (34)
used ,PV used ,PV used ,PV
0 < used ,PV < 7w1ifezime,PV
_ Nn)
1 TD)n PV Al‘d PV
Vo1 N
Nrrans
TT/ans PV Z_—l Atz PV (35)
PV _ 9 Cap Diode Ind IGBT
ﬂ’used time ;!’used time ﬂ’used time Z’used ~time ﬂ’used time
PV Cap Diode Ind IGBT
A’Dyn = ﬂDyn + /,i'Dvn + /10},1 + /ID)n
PV __ qCap Diode Ind IGBT
ﬂ'T rans /’{Trunx + /’iTrunx + rans + rans

4.3.2. M6 hinh do tin cdy Markov cua BTA trong hé théng PVS

Tbdng tan sudt hong hoc ctia BTA Aro”” trong cong thire (34) dugc str dung cho md hinh Markov.
So @6 Markov ctia BTA trong hé thong PVS duoc hién thi trong Hinh 5. Trang thai “0” thé hién BTA
trong hé théng PVS ¢ trang thai DOWN véi dAu vao 12 thn suat hong hoc do thoi gian st dung Ausea-
imé”’, TSHH_DPDA /p,,"” va TSHH_DBSC Azyan””. Xac suét c6 diéu kién ma BTA dat trang thai “1”
(tat ca cac linh kién cua bo chuyén ddi déu hoat dong tt) hodc xac suat co diéu kién dé BTA dat trang
thai “0” (BTA trong hé théng PVS bi hong do 15i ciia linh kién) duoc biéu dién qua phuong trinh (36).

1m {(ﬂm,) O}W 56
dilh ] | Gr) O

A

Trang thai 1

Trang thai 0
PV CONV=TUP

PV CONV=DOWN

Hinh 5. So db Markov ciia bd ting ap trong hé théng PVS.
Xac suat chuyén trang thai P(t)|-,0 dya trén cac phuong trinh Chapman-Kolmogorov, c6 Py(t+A4t)
= Pi(t) Pi(A¢), Vt, At > 0 hodc P(t+At) = P(t) P(At). Cac phuong trinh vi phéan c6 thé dugc viét dudi dang:

dR, dF,
==V R(0): S =R (1) (37)

Phép bién doi Laplace cua phuong trinh Chapman-Kolmogorov duoc sir dung dé danh gia d¢ tin

cdy cua hé thong. Xac suat chuyén tiép ciia mot trang thai j, P*(t)|j1,0 nhat dinh duoc xac dinh nhu sau:
F (S):iw’ R(0)=1

o (38)

B () =25 (s), £,(0)=0

Vecto x4c sudt & diéu kién ban ddu ¢ = 013 P(t) = [Pi(1) Po®].[1 0] Ham tin ciy cia BTA cia
h¢ thong PVS c6 thé dugc viét 1a R(2) = eN-(Arow”")*1). Thoi gian hoat dong trung binh, ky hidu 1a
TTHDTB, va thoi gian hong hoc 13p lai, ky hiéu 1a TGHHLL, ciia BTA trong hé théng PV'S c6 thé duoc
tinh todn qua hai phuong trinh sau:

TTHDTB = R(ekit = [ R(t)exp(~0r)ai = (0) = Y.F (0) (39)
TGHHLLPV ( ntal +/’lmcd—nme )/ Ota[/’lmed —time (40)
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Trong d6: TGHHLL"" 14 tham s6 TGHHLL ciia BTA thudc hé thong PVS; va Aused.ime” 12 toe d0
stra chita/thay thé lién tuc cia BTA trong suot thoi gian st dung.

5. MO HINH THUC NGHIEM CAC TRUONG HQP NGHIEN CUU PONG HQC VA SU CO
CHO LPVMMC TiCH HQP BESS-PVS HOAT PONG POC LAP

Hinh 6 md ta so @ hé thong ctia mo hinh thir nghiém LDVMMC tach ludi, gdm hai mang PV,
hai BTA trong hé théng PVS va mot bo diéu khién qua trinh sac/xa ciia hé théng BESS. Bo diéu khién
sac nang luwgng mit troi bao gdm ca bd chuyén d6i DC-DC hai chiéu va bd chuyén d6i cong suat ha ap
phia tai. Bién &p dau ra ciia BTA PVS dugc 6n dinh & muc 48 Vpe. Pién &p hoat dong cua tai mot chiéu
va hé thong BESS 1a 12 Vpc. Su thay ddi cong suét tai dong hoc sé duge thuc hién ¢ cac cap d6 khac
nhau trong md hinh thir nghiém LDVMMC. Khoang thoi gian thuc nghiém dong hoc dugc chon 14 nam
phut. Hon nita, sy thay ddi cong suat ngudn PVS ngau nhién ciing dugc xem xét trong céc thi nghiém
tuy theo diéu kién thoi tiét. Tiép theo, cac thu nghiém sy c¢d theo giai doan dugc thyc hién trong
LBVMMC, g6m ba dang su b cuc duong cham cyc am, cuc duong cham dét va cuc am cham dét tai nam
vi tri khac nhau #2 (P2), #4 (P4), #5 (P5), #6 (P6) va #7 (P7), nhu mo ta trong Hinh 6. Tom lai, c6 40
trudng hop thay déi tai dong hoc va 30 trudng hop su ¢b duge thyc hién trén mé hinh LBVMMC chira hé
thong PVS-BESS. Thiét bi thu nhiét thermoIMAGER-TIM duoc str dung dé do nhiét d6 linh kién.

B0 sac/xa nang luong mat troi ‘

| ——— P S L S ‘ .......
| /7 ~
L o3 i{ 1
N H i
\ H H

o
Oron Tr a8 148 - 4
saca.

Mang PVS|

Hinh 6. So 6 nguyén 1y mé hinh LBVMMC thyc nghiém hoat déng tach ludi véi bay diém do
gia tri dién ap va dong di¢n

6. THAO LUAN, PHAN TiCH VA PANH GIA KET QUA PQ TIN CAY

6.1. TSHH_DDSC ciia cac linh kién dién tir trong BTA PVS tir hoat dong dong hoc

Tir két qua thuc nghiém dong hoc trong thir nghiém LDVMMC cho thay su thay d6i cong suét
ngudn PVS ngiu nhién din dén sy dao dong dién dp dau vao cia BTA PVS trong khoang 30,5 VDC ~
39,5 VDC. Mit khac, cac diéu kién thay doi tai dong hoc cia LDVMMC tach ludi c6 thé gay ra bién
dong dién 4p du ra cia bd chuyén d6i PVS trong pham vi [47,3;49,4] VDC. Bang 1 so sanh
TSHH_DDDA véi TSHH_TGSD cho céc thanh phan ty dién, IGBT, cudn cam va didt cia BTA thudc
hé théng PV'S trong LBDVMMC chtra hé théng BESS-PVS. TSHH TGSD cua tu dién kém khoang hon
hai 14n so v&i TSHH_DDDA cua n6 khi hoat dong dong hoc. TSHH_TGSD cua cudn cam va IGBT
thap hon két qua TSHH_DDDA tuong tmg, cu thé 1a 0,400 so véi 0,493 hong hoc/nam ddi véi cudn
cam, va 0,300 so véi 0,402 hong hoc/nam dbi voi IGBT. Tu dién c6 TSHH_DPDA cao nhat trong BTA
cuia hé thong PVS.
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Bang 1. Bang so sanh gilra gia tri TSHH_DDDA va gié tri TSHH_DDSC cua linh kién dién tur
trong BTA cua h¢ thong PVS

Tén suit hong hoc cia cac linh kién | TSHH TGSD (héng TSHH_DDDA (hong hoc/ndm)
thuéc BTA (hong hoc/nam) héc/nam) Gia tri nho nhit Gia tri 16n nhat
Tu dién, 157, 1% 0,400 0,829 0,865
1.'1 1@11, ase 2 Dyn 9 9 9
~ ) Ind Ind
Cudn cam, Ay, Ap 0,400 0,492 0,493
IGBT IGBT
IGBT, Ao > Apyy 0,300 0,395 0,402
. X Diod. Diod.
Di-6t, Ay s Apy 0,100 0,100 0,100
6.2. TSHH_DDSC ciia cac linh kién dién tir trong BTA ciia hé théng PVS khi su ¢
150 0.50
s
300 o Me)pP2 oss % MC)-P6 A(C)-P7
;; é o MO = ——Log. (MC)-P6) Log. (MC)-P7)
e us & AC)PS ?E 0.80
12‘3 x AC)P6 i’g 1
EE R e R — o
£ ns . —Log. (C}P2) SE o0 X
1702 —Log. (MC)-P4) =
:“ —Log (MCHS) e P T oes
oEEy H o e 060 . - - -
38! |.|P7] o 2 4 6 8 10 12 14 16 18 20 22 24 26
Divng dign sy o ding dign djnh mirc (hing hos’ nam) Ding dign sy ¢/ domg di¢n djnh mirc (héng hdéc/ nim)

(a) TSHH_DDSC ciia ty dién cho nam vi tri sy cb

in cim

(héng hoc/ nim)

TSHH_DBSC cia cu

45

08

* AI)-P2
® Afl)-Pa e 07
& MI-PS P
% AI}-P6 §§ ae

AIJ-P7 U E
——Log. (M1]-P2) éz‘ =
—stue IS g
—Log. (1}-P5) £
—Log. (\(1]-#6) 03

5 Log. (A1)-P7) 9

A(S)-P2
AS)-P4
AS)-PS
< AS)-P6
A(S)-P7

-

—Log. (\(S)-P2)
— Log. (A(5)-P4)

—— Log. (A(S)-P5)
—— Log. (\(S)-P6)

35 4 45 5 Log. ((S)-P7)

1.5 2

05 1 25 3

Ding dién sy i dong dién dinh mire (hing héc/ nam)

(b) TSHH_DDSC ciia cuén cam cho nam vi tri sy ¢6

50

Ding difn ngan mach/dong di¢n dinh mirc (Isc/Trated)

Fl

2 45 ® \D)-P2

=

2 a0 o AD)-pa

=

S35 A NDJ-PS

é 20 % MD)-P6

3 25 MD)-P7
i — Log. ((D)-#2)
B 15

“ ——Log. [A{D}-P4)
% 10

2 . — Log. PID} 5]
EI PR £="Tog. (AID)-76)
= [ S B TR P ¥ S U - R P A - 1] Log. [MDJ-P7)
[

Dong di¢n sy ¢/ dong di¢n dinh mirc (héng héc/ nim)

(¢c) TSHH_DBSC caa IGBT cho nam vi tri su ¢b

0,14
=
oo
=
= 012 %
- % A(D)-P6 A(D)-P7
S E on
] ——Log. (\(D)-P5) Log. (\(D)-P7)
U 010
w
2= ]
S
L S 00 T x o<
= .
2 oos , o
= 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Dong dién ngiin mach/dong dién dinh mire (Ise/lrated)

(d) TSHH_DDSC cua di-6t cho nam vi tri sy ¢b )
Hinh 7. TSHH_DDSC cua céc linh kién dién tir trong BTA thudc hé thong PVS

Hinh 7 trinh bay TSHH_TGSD ctia cac linh kién dién tir trong BTA thudc hé théng PVS cua
HCDCSTH theo ty 18 Isc/Lrurea ctia dong dién ngén mach Isc va dong dién dinh muc Laea. A(C), A(D), A(S),
va A(D) 1an luot 1a cac TSHH_DPSC cua tu dién, cudn cam, khéa diéu khién IGBT va di-6t trong BTA
thudc hé¢ PVS. Trong Hinh 7a, TSHH_DDSC cua tu dién & ba vi tri #2, #4 va #5, tuc 1a 1(C)-P2, 1(C)-
P4, A(C)-P5 gap 27,5, 8,7 va 5,0 hong hoc/ nam tuong tng, trong khi TSHH DDSC cua tu dién ¢ cac
vi tri #6 va #7 khac, tiic 1a A(C)-P6, A(C)-P7, 1a khoang 0,72~0,75 hong héc/nam, cao hon xép xi 187%

so voi tu dign TSHH_DDPDA ¢ muc 0,4 hong hdéc/ndm. Trong Hinh 7b, TSHH_DDSC cua cudn cam
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tai vi tri #2 va #4, tuc 1a 1(1)-P2, A(1)-P4, lan luot co khoang 0,77 va 0,52 hong hoc/nam. TSHH_DBDSC
clia cudn cam tai vi tri #5 va #6, A(I)-P5 va A(I)-P6, co thé duy tri & muc khoang 0,45 hong héc/nam bat
ké ty 1¢ dong dién tang dan Isc/luea. Twong tu, TSHH_DBSC A(])-P7 ciia cudn cam dao dong khong
dang ké khoang 0,4 1an hong hoc/nam. Trong Hinh 7¢, TSHH_DPSC ciia thanh phan IGBT trong bd
tang ap PVS & vi tri s6 2, tirc 1a dau ra cua bo tang ap, co thé dan dén gia tri cao nhat ¢ khoang 0,62
hong héc/nam. Trong Hinh 7d, TSHH_DDSC cua di-6t ting nhanh do su ¢ dién mot chiéu tai cac vi
tri #2, #4 va #5 cia mo6 hinh LDVMMC thuc nghiém. Cuy thé hon, A(D)-P2, A(D)-P4, (D)-P5 c6 thé dat
ty 1€ 3,7, 2,1 va 1,7 hong hoc/nam, trong khi TSHH_DDSC cua di-6t, AMD)-P6 va A(D)-P7, cb ty 1¢
khoang 0,095~0,1 hong hoc /ndm, ciing giébng nhu TSHH_DDPA ciia di-6t & muc 0,1 hong hoc/nam.

Nhin chung, nhimng quan sat chinh tir TSHH_DDSC cua cac linh kién dién tir trong BTA ¢6 thé
duc két lai nhu sau: Pau tién, duong xu hudng logarit da thé hién muc tang/giam nhanh chong gia tri
TSHH_DDSC cua cac linh kién dién tir tir cac truong hop van hanh sy ¢6 khac nhau. Thir hai, d9 tin
cay hoat dong ctia tu dién dau ra va di-6t bi giam dang ké do su ¢d dién mot chiéu khi thuc nghiém tai
cac vi tri #2, #4 va #5. Mat khéc, cac su cb & vi tri #5, #6 va #7 it anh hudng dén TSHH_DBDSC cua
thiét bj IGBT. Cudi cuing, TSHH_DDSC ciia céc di-6t va tu dién cao hon nhiéu so véi TSHH_DPSC
cuia cac thanh phan cudén cam va IGBT trong BTA thudc hé thong PVS trong LBVMMC.

6.3. Két qua danh gia d tin ciy ciia BTA tir hoat dong dong hoc va qua do

Hinh 8 cho thay chi s d¢ tin cay ciia BTA trong hé thong PVS, R(BOOST) Dyn_Trans theo thoi
gian xay ra cac truong hop hoat dong dong hoc va qua d6. R(BOOST) thé hién do tin cay cia BTA PVS
theo thoi gian ma khong xét dén hoat dong dong hoc va sy c¢d. Chi s d6 tin cady R(BOOST) Dyn_Trans
giam xudng 50% trong thoi gian sir dung 1a 7 nam; trong khi d6, d6 tin cay R(BOOST) giam xudng 50%
sau 14,45 nam st dung. Sau thoi gian st dung 10 nam, ty 1¢ giam do tin cdy cua BTA PVS la khoang
25%. Khoang thoi gian st dung tir 10 ~ 20 nam ctiia BTA PVS c6 ty 1€ giam d0 tin cdy cao hon cac giai
doan khac, vao khoang 25 ~ 27%. Ty 18 suy giam do tin ciy cua BTA ting rat nhanh trong khoang thoi
gian tir 1~10 ndm vdi ty 16 trung binh 13 2,2%/nam. Néu khong xuét hién dong hoc va su ¢cb, TTHDTB
ciia BTA cuia hé théng PVS 1a khoang 6,5 nam. Tuy nhién, khi xuét hién ca hai trudng hop dong hoc va
su ¢b, TTHPTB ciia BTA giam xudng con 5,86 nam. Ngoai ra, Hinh 9 biéu thi TGHHLL BTA cua hé
thdng PV'S theo thoi gian sir dung ctia n6 (tinh bang nam) khi xem xét ca hoat dong dong hoc va su cb.

10 N
09\

08 N\ N
07 N

06 \ "'\..__x

05 N —

04 \ T~ o~

03 ™~ T

w
=1

—R{BOOST) —R(BOOST)_Dyr_Trans

— ¥ o
o [=] th

(=
a

chuyén dai tang ap PVS (%)

02 .

o - — b —DR(BOOST)_Dyn_Trans

w

D& tin cly cda bd chuydn 48| tang 4p PVS
Ty & phiin trdm gidm d tin ciy clia bd

0.0
1] 5 10 15 20 25 30

Nam
Hinh 8. Két qua danh gia d¢ tin cay ctia BTA qua céc truong hop hoat ddng dong hoc va qua do

14.0
12.0

oy
|=4
<

8.0
6.0
4.0
2.0
0.0

TGHHLL (ndm)

5 9090808 0,
211917 1% 1413121110 e

123 4567 8 91011121314151617 1819202122123 2425

Thei gian hoat déng cla bd chuyén déi ting ap PVS (ndm)

Hinh 9. TGHHLL ctia BTA PVS trong thoi gian lam viéc cua chiing

116



Lé Duy Phuc, Bui Minh Dwong

7. KET LUAN

Dé danh gia do tin cdy thuc té ctia cac BTA trong LDVMMC, tan suat hong hoc dya vao tan suét
hong hoc do dao dong dién ap va do dong dién su ¢b ciia BTA da dugc tinh toan chinh x4c théng qua
thuc nghiém thay d6i dong cong suét giita ngudn/tai va thuc hién su c¢b. Cu thé, TSHH_DDPA va
TSHH_DBSC cua cac linh kién dién tir trong BTA da dugc phan tich thyc té thong qua thir nghiém
LDVMMC. Sau d6, viéc két hop céac gia tri TSHH_TGSD, TSHH_DDPA va TSHH_DPSC di dugc
thuc hién dé dénh gia cac chi s6 d¢ tin cay cia BTA thudc hé thong PVS. Két qua phén tich d¢ tin cay
ctia BTA PVS qua thyc nghiém LDVMMC cho thiy cac két luan sau: Thir nhat, TSHH_DDPA cua di-
6t trong BTA it bi anh hudng nhét boi dong hoc trong khi TSHH_DPDA cua tu dién 1a thanh phan dé
bi hur hong nhat. Thir hai, cac giai phap xép xi logarit va ham mii dugc sir dung dé tim dudng xu huéng
TSHH_DBSC cua cac linh kién dién tir riéng 1¢ ciia BTA trong cac truong hop su ¢ khac nhau. Cac
su ¢b mot chidu & dau ra BTA ¢6 tac dong 16n dén viée giam d¢ tin cdy cia n6. Thu ba, d6 tin ciy ¢
quy m6 h¢ thong cia BTA c6 thé bi giam déng ké do nhleu truong hop dong 1ap lai trong LBVMMC.
Cubi cuing, phuong phap danh gia do tin cdy duoc dé xuit cho BTA cua hé thong PVS ap dung dé danh
gia d tin cdy mot cach thye té hon va cung cip nhitng thong tin c6 gia tri dé hd trg cong tac bao tri/thay
thé BTA cua hé thong PVS trong LBVMMC.
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ABSTRACT

RELIABILITY ASSESSMENT FOR THE BOOST-CONVERTER OF A SOLAR SYSTEM
IN A DIRECT CURRENT MICROGRID

Phuc Duy Le!*, Duong Minh Bui?
!Cho Lon Power Company - Ho Chi Minh Power Corporation
2Vietnamese-German University

*Email: phucld91@gmail.com

A direct current microgrid commonly takes power from solar systems and battery energy storage
when disconnecting from the main grid. Accordingly, the dynamic or transient operation of the solar
system can impact the reliability of the solar system’s boost converters. This research proposes a
methodology to assess the reliability of those boost-converters under dynamic and fault conditions. To
conduct the reliability analysis, we will formulate the dynamic-voltage-based failure rate and short-
circuit-current-based failure rate for the solar system’s boost converter. More explicitly, the evaluation
of the reliability of both the solar system’s boost converter and each component relies on a novel
amalgamation of the used-time-dependent failure rate, dynamic-voltage-based failure rate, and short-
circuit-current-based failure rate, coupled with the utilization of a Markov-state transition methodology.
The repeated occurrence of dynamic cases within the islanded direct current microgrid can significantly
diminish the reliability of the solar system’s boost converter. Furthermore, the dynamic and transient
cases in the LVDC microgrid can swiftly diminish two key indices: mean-time-to-failure and mean-
time-between-failures of the solar system’s boost converter.

Keywords: Boost converter, direct current microgrid, dynamic, fault, solar system, reliability assessment.
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