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TOM TAT

Hién nay, bé bién doi nghich heu sir dung cong nghé tao luoi (Grid-Forming Inverter) dang
thu hiit sw quan tam va dau tw nghién ciru trén toan thé gidi vi day la bude tién quan trong huéng
toi muc tiéu dat dwoc mot xa hoi 100% sk dung nang luong tai tao. Tuy nhién, kién thirc co ban
vé cong nghé nay van con han ché. Bai bdo nay trinh bay cdu triic cia hé thong diéu khién cho bé
bién doi nghich leu véi cong nghé tao ludi theo thiét ké don gian. Trude tién, mé hinh trang thai
tong quat ciia hé thong dwoc xdy dung nham danh gid tinh on dinh. Sau dé, cdc thong s6 hoat
dong cua hé thong dwge kiém nghiém, dong thoi hé thong duwoc mo phong trén phan mém PSCAD
dé phan tich. Ket qua nghién ciru s€ lam ro cac khai niém va cau truc cua cong nghé tao luoi,
dong thoi dé xudt phirong phdp danh gid tinh 6n dinh va cung cap hwéng dan sir dung cong cu mé
phong cho hé thong nay.

Tiwr khoa: Cong ngh¢ tao ludi; biéu khién droop; M6 hinh trang thai; On dinh hé théng dién.
1. MO PAU

Ngay nay, cac nguon nang lugng tai tao ngay cang dong vai tro quan trong trong vi€c cung cap
dién nang cho ludi dién. Dé tich hop cac ngudn nang lugng tai tao vao ludi dién, viéc sir dung cac
bd bién doi 1a rat can thiét. Cac bd bién ddi nay thuong duoc diéu khién két ndi véi ludi st dung
hai phuong phap la cong ngh¢ bam ludi va cong nghé tao ludi [1].

Dbi v6i cong nghé bam ludi, ngudn dién s€ co tinh chat nhu mot ngudn dong, va nguoc lai,
cong nghé tao ludi co tinh chat nhu mot nguon ap [2]. Pbi vo1 bam ludi thong thuong, mot bo
khoa pha s€ dugc sir dung dé gitip cho ngudn phat ra lubn co tan sb va goc pha dong b voi ludi
va cong suit s& dugc diéu khién thong qua dong dién [3]. Con ddi vdi tao ludi, cong suat s& duge
diéu khién théng qua bo diéu khién droop, chii dong hd tro ludi dién 6n dinh vé mit tin so.

Véi sy don gian cua cong nghé bam ludi, né dugc wa chudng va sir dung rong réi trong cac
nguon nang lugng tai tao ngay nay. Tuy nhién, viéc gla tang ti trong nang lugng tai tao két ndi voi
lui sir dung cong ngh¢ bam ludi s¢ lam anh hudng rat nhidu t6i sy 6n dinh cua ludi dién [4]. Piéu
nay xay ra boi cac nguén st dung bd bién doi s& khong cung cép quan tinh cho hé thng, diéu ma
cac nguén mdy phat dong b 1am duoc. Chinh vi thé, cong nghé tao ludi voi cac kha niang hd tro
on dinh hé thong dién 1a mot giai phap dang duoc tap trung nghién ctru [5].

Diéu khién bo bién dbi sir dung cong nghé tao ludi c6 do phirc tap rat 16n, cac tham sb diéu
khién can phai dugc tinh toan chinh xac dé hé théng ¢6 thé hoat dong 6n dinh. CAu triic co ban cua
phuong phap diéu khién sir dung cong nghé tao ludi duge trinh bay trong [6]. Trong bai béo nay,
md hinh ctia hé thong st dung cong nghé tao ludi va mé hinh trang thai ctia n6 s& dugc xay dung
& chuong 2. O chuong 3, bd tham s6 diéu khién s& dugc tim ra théng qua qua trinh phan tich tich
6n dinh str dung mé hinh trang thai tim dugc ¢ chuong 2. Tiép theo, hé thong s& duoc mo phong
trén phén mém PSCAD va két qua s€ dugc ban luan & chuong 4. Cudi cung la két luan s& dugc
trinh bay & chuong 5.

2. NOI DUNG CAN GIAI QUYET
2.1. Xdy dung mé hinh diéu khién
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Hinh 1. So do két néi ludi dién.

Hinh trén thé hién so do két ndi giira bo bién d6i nghich luu va ludi dién. Trong hé thong nay,
ngudn dién mét chieu dugc chuyén doi thanh dién ap xoay chi€u ba pha thong qua bd bd bien doi
nghich luu. Dong dién nay s€ thong qua b loc d€ loc cac song hai va nhicu cao tan sinh ra boi b
bién doi nghich luu. Cudi cung, dong dién sé di qua duong day truyén tai roi noi voi ludi dién.

Trong nghién ctru nay, so dd mach cta bd chuyén dbi ngudn 4p hai mirc, ba pha. Cau trac cta
bo chuyén ddi rat linh hoat, c6 thé hoat dong nhu mot b nghich luu (inverter) hoac bd chinh luu
(rectifier). Dong ning luong trong mach bo chuyén ddi 1a hai chiéu, cho phép ning lugng truyén
tr phia DC sang phia AC va nguoc lai.

Cac dai lugng cling nhu chiéu quy udc da duoc thé hién trong hinh. Trong phan nay, so dd tin
hiéu diéu khién cho bd bién d6i ‘nghich luu theo cong ngh¢ tao ludi s€ duge trinh bay. Ngoai ra,
trong so do nay, nguon mot chidu va bo bién d6i nghich luu ¢6 thé duoc coi 1a mot ngudn xoay
chiéu. Tir 46, so d6 ¢o thé duge biéu dién thong qua sdu phuong trinh dong hoc sau:
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2.1.1. Piéu khién vong trong
Tir phuong trinh (1), (2), (5) va (6), ta xay dung dugc mo hinh diéu khién vong bén trong nhu sau:

Hinh 2. So do tin hiéu diéu khién vong trong.
Trong d6, bon bd diéu khién ti 1¢ - tich phan (PI) da dugc sir dung dé diéu khién dién ap, dong
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dién trén truc d va tryc q. Cac dau vao ciia vong diu khién nay s& 1 tin hiéu dién ap tham chiéu
va goc pha duoc lay tir qua trinh diéu khién vong ngoai.
2.1.2. Piéu khién vong ngoai

Diéu khién Droop, véi cac nguyén 1y di duoc khang dinh trong viéc quan 1y cac may phat dong
b0, cting hoan toan c6 thé ap dung hiu qua cho bo bién d6i nghich luu theo céng nghé tao ludi
[7]. Bang cach ap dung diéu khién Droop cho cic bo bién d6i nghich luu sur dung cong nghé tao
1u6i, chiing c6 thé mo phong hanh vi cua cac may phat dong bd, cung cip cac chirc ning quan
trong nhu chia sé tai va 6n dinh tan s6 ma khong cén cac hé thong lién lac phirc tap. Trong nghién
clru nay, bd loc thong thap s& duoc sir dung dé giam thiéu cac thay d6i nhanh chong cua tan sb
luéi va loai bo nhidu trong qua trinh do ludng. Hinh 3 thé hién so d6 tin hiéu cua vong diéu khién
bén ngoai dugc st dung.

Hinh 3. So do diéu khién vong ngodi.
2.2. Xay dung mo hinh trang thai
Tir mé hinh diéu khién bén trén, ta s& xay dung mo hinh trang thai theo luu d6 trong hinh 4.

Tuyén tinh
héa quanh
diém lam viéc
] ]
[A&:A'Ak+8'ﬂy+C'Au ] [ 0=D'Ax+ E'Ay + F'Au ]

|—-{ A% = AAx + BAy ]—J

Hinh 4. Luu dé tim ma trdn trang thdi.

Bude 1, ta cAn biéu dién toan bo mbi quan hé cua cac dai lugng trong hé théng. Cac phuong
trinh nay s€ dugc chia thanh 2 nhom la nhom céc phuong trinh vi phén va nhom cac phuong trinh
dai sb.

Budc 2, ta s& tuyén tinh hoa cac phuong trinh trén quanh diém 1am viéc dé xuét hién bién chénh
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léch. Tir d6, ta s& c6 dugc hé cac phwong trinh vi phan va phuong trinh dai s6 da duoc tuyén tinh hoa.
Budce 3, tir h¢ phuong trinh vi phan tuyén tinh, ta suy ra dugc phuong trinh ma tran sau:

Ax = A'Ax + B'Ay + C'Au (7)
Va tir cac phuong trinh dai s6 tuyén tinh, ta suy ra dugc phuong trinh ma tran:
0=D'Ax+E'Ay + F'Au (8)
Budc 4, tr phuong trinh (10) va (11), ta xac dinh dugc mo hinh trang thai:
Ax = AAx + BAy 9)
Vo1 cac ma tran A, B duoc xac dinh nhu sau:
A=A"-B'(E") 1D’ (10)
B=C'—B'(E")F (11)

Cudi cung, ta thu dugc ma tran A véi kich thudc 13x13. Ma tran s€ dugc sir dung dé phéan tich
tinh 6n dinh trong chuong tiép theo.

3. PHAN TiCH TINH ON PINH

Hé théng duoc chon ¢6 cac tham sd duge thé hién trong bang 1. Ngoai ra, cac tham s6 cuia bd
di€u khién cling duoc tinh toan so bo va thé hién trong bang bén dudi.
Bing 1. Tham sé6 dau vao ciia hé thong.

Tham so Gia tri Ponvi | Tham s Gia tri Pon vi
Ugc 1.45 kV f 50 Hz
Ugc 0.69 kV Ls 0.1137 mH

Shase 2 MVA Cr 882 uF
P 0.8 MW Ly 0.039 mH
m, 0.07 pu Kpc 0.4001 pu
n, 0.001 pu K. 171.88 pu
Kpy 0.017 pu W, 314 Rad/s
K; 0.75 pu

Str dung mo hinh trang thai da tinh & chuong trude, ta c6 thé xac dinh cac gia tri riéng khi sir
dung b¢ tham s6 bén trén. Hinh 5 thé hién vi tri cac diém cuc trén dd thi truc thuc va truc 0. Hinh
cho thdy van c6 2 diém cyc nam phia bén phai truc a0. Diéu ndy dong nghia vai viéc hé thong van
chua 6n dinh va cc tham sb can duoc diéu chinh.

Vi tri cac diém cuc clia ma tran A 2 Sy tham gia clia bién trang thai téi diém cuc A5_g
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Phén thire (1/s) Céc bién trang thai

Hinh 5. Vi tri cac diém cuec. Hinh 6. Su tham gia ciia cac bién trang thdi.
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Tiép theo, su tham gia cta cac bién trang thai 1én cac diém cuc ndm phia bén phai truc 4o s&
dugc phén tich. Két qua duoc thé hién & hinh 6 cho thiy cac bién trang thai c6 anh huéng nhiéu
nhét t6i vi tri 2 diém cuc trén twong ung voi hang $6 2, 6,7,8,9 cuama trin A. Nho do, ta xac
dinh duoc cac tham s6 can thay ddi chu yéu 14 céc tham sb ciia bd diéu khién. Tham sb cua cac bd
bién d6i xe dugc phan tich d6 nhay, nghia 1a thay ddi theo cac budc nho va quan sat su thay doi
ctia cac diém cuc. PO nhay khi thay ddi gia tri m,, dugc thé hién trong hinh 7 va cac gia tri khac
duoc thyc hién tuong ty.

6000 g

Vi tri cac diém cuc ctia ma tran A 2 Sw tham gia clia bién trang thai t&i diém cwe A5

I
I
- |
I
30 |
B 2000, =20 \ ! G’ : S
&, 10 % ! | <
3 of of ® g ==
c | -—
7 -10 ; : | &
e
O 2000} -20 ' ’ ! &\? { o
30 / ‘ I
{ I
4000 |
40 30 -20 10 0 10 20 |
R I
6000 1R 1 0
450 400 350 -300 250 200 -150 100 50 0 50 A9 AP AQAC AC AC AC Al Al AV AV Al Al
Phan thuc (1/s) Cac bién trang thai
Hinh 7. Phan tich d¢ nhay khi thay doi m,. Hinh 8. Vi tri ciia cdc diém cuc cudi cung.

Cuoi cung, cac tham so cua bg diéu khién dugc lya chon sao cho toan bd cac diém cyc nam &
phia bén trai truc ao nhu hinh 8 va ta thu dugc cac tham s6 méi nhu trong bang 2.

Bdng 2. Tham so diéu khién cuoi cung.

Thamsd | Giatri | Ponvi | Thamsé | Giatri | Ponvi
m, 0.08 pu Kpc 0.73 pu
n, 0.001 pu K¢ 1.19 pu
Kpy 0.52 pu W, 31.4 Rad/s
K, 1.16 pu

4. MO PHONG VA KET QUA
4.1. Phuwong phap, cong cu mé phéng

Nut 1 Nuat 2 Nut 3

33V /230V

Use |

Inverter

May phat
dong bo

L
P+jQ

Hinh 9. So d6 mé phong.

So d6 trong hinh 9 thé hién cau tric ctia h¢ théng dugc mo phong gom c6 3 nit chinh. Nut dau
tién 1a ngudn thong qua bo bién ddi, nut thir 2 14 tai tiéu thu va nat cudi cung 1a may phat dong bod
dugc mo phong nhu mdt nha may thiy dién.

,Phﬁn mém md phong dugc st dung la PSCAD, mét cong cu rat tiﬂén ich chp viéc md phong hé
thong dién, ddc biét la khi can md phong cac phuong phap di€u khién. Hé thong duge mé phong
twong dong voi cac so do da dugc dua ra ¢ trén.
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4.2. Két qua mé phéng va binh luin

Hé thong s& duoc md phong trong truong hop su ¢b qua tai xay ra. O gidy thir 20, cong suat
tiéu thy ting 10% so voi dinh mirc. Tong cong suat tiéu thy tang tir 105 MW Ién 115.5 MW. Cong
sut tic dung phat ra boi ngudn dién st dung bo bién d6i va may phat thuy dién dugc thé hién
trong hinh 11. Trong d6, duong mau xanh dai dién cho hé thong sir dung cong nghé tao ludi va
duong mau do dai dién cho hé thong s dung cong nghé bam ludi.

Dua trén d6 thi cong suit, ta c6 thé thdy cong sut tac dung dugc phat ra boi cac nguén st dung
bo bién 601 da tang tur 40 MW 1én khoang 48 MW khi str dung cong nghé tao ludi aé bu cho lugng
cong suat thiéu hut do su cb. Diéu nay xay ra nho c6 vong diéu khién Droop cong suit tac dung ¢
vong ngoai. Trong khi do, cong suét tac dung phat ra khi sir dung cong ngh¢ bam lu¢i van gitr
nguyén ¢ 40 MW trong suot qua trinh su ¢d xay ra boi hé thdng nay chua co hé thong diéu khién
dé bu cong sudt. Cong suét phat ra boi hé thdng sir dung céng nghé tao ludi giam dan vé gia trj dat
trong khoang thoi gian sau do.

D6 thi con lai trong hinh 11 thé hién cong suét tic dung phat ra boi méay phat thity dién. Do thi
cho thiy mo hinh may phat thiy dién da dap ang dugc viéc phat ra cong suat bu cho lugng thiéu
hut do sy co xay ra. Tu 65 MW, lugng cong sut tac dung di ting ngay lap tirc 1€n khoang 76 MW.
Dua vao toc do ting ndy, ta co thé thiy luong quan tinh ma may phat dong bo cung cap cho hé
thong 13 nhiéu hon so véi lugng ma bd bién ddi sir dung cong nghé tao ludi dem lai. Luong cong
sudt ma may phat thily dién nay luon thay d6i pht hop véi su thay d6i cua cong sut phat ra boi
ngudn dién con lai.

Tan sé lwoi dién Céng suit tac dung cua Inverter
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Hinh 10. Tan so ludi va dién dp sau sy co. Hinh 11. Cong suat tac dung sau sw co.

Tiép theo, tan s6 ludi va dién ap dau ra dugc thé hién trong hinh 10. Tuy nhién, dién ap dau ra
chi dugc thé hién trong truong hop sir dung cong nghé tao ludi. Didu nay 1a boi vi dién ap déu ra
khong c6 nhiéu thay dbi khi sur c6 xay ra & ca 2 truong hop. Chiing ciing thé hién rang dién 4p da
dugc diéu khién tot. Con ddi véi @6 thi tan sb, ta c6 thé thdy rang & truong hop sir dung cong nghé
tao ludi la dudng mau xanh, nho c6 lugng cong suat bu ra boi qua trinh diéu khién Droop cong
suét tac dung ma tan sb cua luoi dién da tyt chdm hon rat nhiéu so véi khi su dung cong ngh¢ bam
lu6i (duong mau do). Tan sb khi sir dung cong ngh¢ tao ludi chi tut xubng gia trj thap nhét la
khoéang 49.6 Hz, va sau d6 phuc hoi vé khoang 49.88 Hz. Trong khi d6, & truong hop con lai, tin
sO tut xudng khoang 48.7 Hz va sau d6 chi phuc hoi duge vé khoang 49.8 Hz.

5. KET LUAN

’Béi bao da xay dung dugc mo hir}h diéu khién cling nhu tim dugc mé hinh trang thai cua hé
thong st dung cong nghé tao ludi. Dong thoi, bai bdo cling d@ mé phong dugc hé thong sir dung
cong cu PSCAD. Céc két qua cua bai bao cho thay rang, hé¢ thong da on dinh vdi cac tham so dicu
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khién chon dugc. Hi€u qua ctia cong nghé tao ludi trong viéc on dinh tan s6 ludi dién cling duoc

thé

hién khi so sanh véi cong nghé bam luoi.
Trong nghién ctru nay, cac tham so6 diéu khién moi chi dugc tinh toan sao cho hé thong on dinh.

Chinh vi th¢, viéc tinh chon bd tham s6 di€u khién toi uu can dugc xem xét & cac nghién curu ti€p

the

0. Bén canh d6, cic ngudn nang luong tai tao ciing can dugc tich hop vao hé thong thay vi sir

dung ngudén mét chiéu don thuan. Cudi cung, hé thong can dugc danh gia khi két ndi voi mot mang
luoi dién ti€u chuan gom nhiéu nat hon.
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ABSTRACT
Modeling of grid-connected inverter using grid-forming technology

Currently, grid-forming inverter technology is attracting attention and research
investment worldwide, as it represents a critical step toward achieving a society powered
entirely by renewable energy. However, foundational knowledge of this technology remains
limited. This paper presents the control system structure for a grid-forming inverter with a
simple design approach. First, a general state-space model of the system is developed to
assess stability. Then, the system’s operational parameters are verified, and simulations are
conducted on PSCAD software for further analysis. The results clarify the key concepts and
structure of grid-forming technology, propose a method for stability assessment, and
provide guidance on utilizing simulation tools for this system.

Keywords: Grid-forming; Droop control; State-space model; Power system stability.
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