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TOM TAT

Hé thong luu triv nang lwong banh da tich hop mady dién cam iing (IM-FESS) la mot hé
thong co, dién, dién tir lweu triv nang lwong dwdi dang déng ndang. Qud trinh trao déi nang heong
gitta IM-FESS va luoi dién dwoc thuc hién thong qua hai bo chuyén doi dién tir cong sudt mdc theo
cau triic back-to-back. Bai bdo trinh bay két qua phdn tich thiét ké chién lege diéu khién phi tuyén
Backstepping nham diéu khién hoat déng ciia IM-FESS gép phan én dinh c¢éng sudt tire thoi vi ludi.
Chién luoc Backstepping dwoc dp dung cho ca b diéu khién phia luéi (GSC) va b diéu khién phia
may (MSC) bang cach phén rd hé théng thanh cac I6p con, sau d6 lea chon tin hiéu diéu khién cho
tirng 16p, dam bdo théa man on dinh Lyapunov. Hiéu qua cia thudt toan dwege kiém chimg thong
qua mé phong trén phan mém Matlab — Simulink, cho thdy kha nang cdi thién dang ké hiéu nang
diéu khién.

Tir khéa: IM-FESS; Backstepping; Vi lwdi; Cong sudt tirc thoi.
ABSTRACT

The Induction Machine-Based Flywheel Energy Storage System (IM-FESS) is a mechanical,
electrical, and electronic system that stores energy in the form of kinetic energy. The energy exchange
process between the IM-FESS and the power grid is carried out through two power electronic
converters connected in a back-to-back configuration. This paper presents the analysis and design
results of a nonlinear Backstepping control strategy to regulate the operation of the IM-FESS,
contributing to the stabilization of the instantaneous power of the microgrid. The Backstepping
strategy is applied to both the Grid-Side Converter (GSC) and the Machine-Side Converter (MSC)
by decomposing the system into sub-layers and then selecting control signals for each layer while
ensuring Lyapunov stability. The effectiveness of the proposed algorithm is validated through
simulations in Matlab — Simulink, demonstrating significant improvements in control performance.

Keywords: IM-FESS,; Backstepping; Microgrid; Instantaneous power.
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1. PAT VAN PE

Trong nhimg nim gan day, viéc tich
hop cac ngudn ning luong tai tao nhu dién gid
va dién mat troi vao ludi di¢n da gia tang dang
ké [1]. Tuy nhién, do tinh chét dao dong va
khong lién tuc cua cac ngudn ning lugng nay,
ludi dién dé bi anh huodng béi cac bién dong
cong suét tirc thoi, anh huong dén chat luong
dién nang va dg tin cay cua h¢ théng [1-2].

Hé thong luu trit ning luong banh da
tich hop may dién cam trng (IM-FESS) 1a mot
hé théng luu trir nang lugng dién dudi dang
co hoc, mot trong nhiing cong nghé tiém ning
gitip can bang cong suat tirc thoi trong ludi
dién. Nho vao dac tinh phan ing nhanh va kha
nang van hanh bén bi, IM-FESS déng vai tro
quan trong trong viéc duy tri 6n dinh cong sut
ttrc thoi va hd trg diéu chinh tan sb luéi dién

[3].

Mic di IM-FESS ¢6 nhiéu uu diém,
nhung viéc diéu khién hé thong nay khong hé
don gian do tinh phi tuyén cao ctia may dién,
anh huéng cua cac bat dinh va su thay doi tham
s6 hé thong. Su tuong tic giita IM-FESS va
ludi dién, doi hoi hé thong phai co kha ning
phan tng nhanh va chinh xac dé duy tri cong
sudt 6n dinh. Vi vay, cAn ¢6 mot chién luge
diéu khién tién tién dé dam bao hi¢u suat va do
tin cay cua hé théng IM-FESS.

Phuong phap diéu khién Backstepping
1a mot k¥ thuat didu khién phi tuyén dua trén
1y thuyét Lyapunov [4], bang cach “phan ra”
hé théng diéu khién thanh nhiéu 16p va thiét
ké tung 16p dé dam bao hé théng dat trang thai
mong mubn mot cach 6n dinh.

Muc tiéu ctia nghién ctru nay 1a thiét ké
va danh gia bg di¢u khién Backstepping cho hé

thong IM-FESS nham 6n dinh cong suét tirc
thoi trong ludi dién. Nhiing dong goép chinh
ctia bai bao bao gém 1a xay dung mé hinh toan
hoc chi tiét ctia hé théng IM-FESS; Thiét ké bo
diéu khién Backstepping cho bo diéu khién phia
lu6i (GSC) va diéu khién phia may (MSC).

2.VATLIEU VA PHUONG PHAPNGHIEN
cUU
2.1. Cu tric h¢ thong IM-FESS néi lwéi
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Hinh 1. Cdu triic hé thong IM-FESS néi luéi

Céu trac ctua hé théng IM-FESS duoc
bicu dién trén Hinh 1. IM-FESS duoc két ndi
v6i ludi dién thong qua may bién ap (BA), banh
da co tich hop may dién cam ung (IM), hai bo
chuyén déi dién tir cong suat, 1a bo chuyén dbi
phia phia lugi (GSC) va bd chuyén ddi phia
may (MSC) lién két nhau theo kiéu “back to
back” thong qua DC-link véi tu dién C.

2.2. Thiét ké diéu khién Backstepping cho
IM-FESS néi luéi
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Hinh 2. So do khoi diéu khién phia hedi
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Bo bién dbi phia lugi (GSC) ¢ nhiém
vu diéu khién cong suat trao doi giita hé¢ thong
lwu trit va ludi dién. So d6 khoi hé théng didu
khién bo chuyén doi phia lu6i theo phuwong
phap Backstepping nhu Hinh 2. Truc d ctua hé
truc dq chon triung véi vécto dién ap ludi (u, =
lul, u = =0). Do d6, thanh phan dong dién (i,) dai
dién cho cong suét tac dung tirc thoi va thanh
phan dong dién (1q) dai dién cho cong suit phan
khéng tirc thoi.

B0 diéu khién phia ludi dugc chia thanh
ba lop Lop ngoal chiu trach nhiém xac dinh sy
trao d6i cong suat tic dung va phan khang gw:a
lu6i va IM-FESS; 16p trung gian duy tri dau ra
du kién bam céc gia tri tham chiéu duoc thiét
1ap boi cap ngoai; 16p trong c6 nhiém vu tao tin
hiéu chuyén mach SPWM cho bd chuyén ddi
VSI phia luéi (cap trong khong duge mo ta chi
tiét trong ludn 4n nay).

Gia thiét hé thong dién ba pha dbi xtng,
md hinh toan cta bd di¢u khién phia ludi duoc
trong hé toa d¢ dq voi u,= Ug va u, = 0 [4] la:

i, 1, i ) 7

i | ) : !

d_; = j_"T I:x—R’,«I? —w L i+ ug,] (2)

ﬂfb.-i 3 3 [\ E.:-Hd'l‘ !.‘?H?’] _; (3)
d 2C U, "

Can xac dinh cac luat diéu khién sao
cho céc bién trang thai bam theo gia tri tham
Chleu ld,ref’ lq,ref’ Udc,ref'

a) Luat diéu khién dong dién i 4

T (1) dit sai s theo tin hiéu tham

chiéu la: e =11y

i

Chon ham Lyapunov: V, = %ez

Pao ham ham Lyapunov, ta co:

i(_Rffd i GJSLfI.Q b Uy— U-g) - I:d ref (4)
!

Vi=ee,=e;

Chon luat diéu khién:

—oLi +L zdmf

u,=U, +R,i, ke, (5)

Vé6ik > 0. Thay (5) vao (4), ta co:
V.=—ke <0

- Vay hé théng con On dinh theo Lyapunov.
b) Luat diéu khién dong di¢n i_

Tir (2) dat sai s6 theo tin hiéu tham

chicula:e =1 —1
q q q, ref

Chon ham Lyapunov m¢& rong:
1

V,=V +— > eq

bao ham ham Lyapunov V.

o T, . :
V:’. = _k1ea‘ + €, L_(_szq - mf‘['fzd + u?) g (6)
!

Chon luat diéu khién:

u,=Ri +oli+Li, . —ke/ ()

Vé6ik, > 0. Thay (7) vao (6), ta co:
=—ke) —k,e <0

> Vay hé théng md rong 6n dinh theo
Lyapunov.
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¢) Luat diéu khién di¢n 4p DC-link (U,)

T (3) dat sai sb theo tin hiéu tham

chitulaze, =U, -U,

Chon ham Lyapunov m¢ rong:

1
K=n+5%

bao ham V,, ta ¢6:

. 3 (iu,tiu, .
I/3 = _klej - k2e: + edc |:E(U—M_lmj_ Udc,ref:| (8)

de

Chon luat diéu khién:

) 3 (iu,+iu .
lm = %(%J_Uﬁ* _kSedc (9)

de
V6ik, > 0. Thay (9) vao (8), ta co:
=—ke, ke —ke, <0
- Viy hé thong 6n dinh toan cuc theo Lyapunov.

2.3. Thiét ké diéu khién Backstepping bd
chuyén d6i phia may (MSC)
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Hinh 3. So do khoi diéu khién phia mdy

B diéu khién phia may ciia IM-FESS
(Hinh 3) c¢6 nhiém vu diéu khién qua trinh
phong/nap nang luong thong qua md men dlen
tir dé duy tri cong sudt trao d6i mong mudn.
Phén tich bai toan thanh ba 16p: Lép diéu khién
cong suat, 16p diéu khién mé men va 16p diéu
khién tur thong. Chon truc d trung voi truc rotor
thi tir thong rotor chi ¢6 thanh phan d (¢, = ¢,
¢, =0).

a) Luit diéu khién cong suit

Phuong trinh cong suat cta (IM-)FESS
duoc tinh:

p=Llir H7
J

V6i: J 1a mé men quén tinh banh da, T,
la m6 men dién tr, T, 1a m6 men tai, w_la toc
dd quay cua banh da.

bat sai s0 cong suat: e, =P-P va chon

2

1
ham Lyapunov: V, = —e;

Dbao ham V| theo thoi gian:

PP

Vi=eé =ew(§(1;—71)+wﬂ';j (10)

Chon luat diéu khién:

eref

ke —oT

re,ref

ke, )+7, (D

e

Véi k, > 0. Thay (11) vao (10), ta thu
duoc:

Vl = —klei < 0. Vay hé con 6n dinh Lyapunov.
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b) Thiét ké diéu khién md men

Phuong trinh m6 men dién tir cia may
dién cam ung:

3 L
I =—p2oi 12
. szﬂq (12)

.
Dao ham m6 men theo thoi gian, ta dugc:

T, = —pi—’"(éisq +¢i,)

r

bat sai so mo men: e =T —T

e, ref

Chon ham Lyapunov:

bao ham V, theo thoi gian:

o L 3 L .. :
VZ = I/l +eTeT = Vl +e¢ (Ep Lm <¢rlsq +¢rlsq )J

Chon luat diéu khién:
T*

v.vq = Rri.vq + Lr 3—8_ érisq - kZ (Tf'z - ]—;*)(13)
EPLm /L,

Vi k, > 0. Thay (13) vao (12), ta thu
duoc:

Vz - —klei —kze; <0. Vay hé con 6n
dinh Lyapunov.

¢) Thiét ké diéu khién tir thong

Phuong trinh di¢n ap mach rotor IM:

d¢. R , L
T _Th My (14)
df L ;jr L sd

F F

Dit sai s6 tir thong: e 0 ¢.— ¢, . chon

ham Lyapunov:

1, ref?

1,
1/3:1/2+§€¢

bao ham V, theo thoi gian, ta dugc:

. i ) . R L,

V3 =V, tee; = v, +ew{—Lr ¢r +L—rvsd]
Chon luat diéu khién:
L.?‘

vsd -

L

R J ¥ #*
[L_r;ﬁr +¢r _kS (;ér _¢r )} (15)
V6i k, > 0. Thay (15) vao (14), ta thu
duoc:

V,=—k,e; —ke; <0. Vay hé con 6n
dinh Lyapunov.

Cubi cung, ta thu dugc cac luat diéu
khién phi tuyén cho IM-FESS nbi ludi bao gom
(5), (7), (9), (11), (13) va (15).

3.KET QUA MO PHONG VA BINH LUAN

So dd va sb liéu mo phong chi ra trén
Hinh 4, bao gdm: Ngudn phat 415V (co thé
1ap trinh); tai 3 pha ciing c6 thé thay doi duoc;
duong day co chiéu dai 5 km (dudng day co
thong s tap trung); 2 thanh cai xoay chiéu B,
va B,; tdi va thiét bi IM-FESS ndi luéi duge noi
tai thanh cai B,.
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Nguén: Us(V). Rol(€2), Lo(H): 415,02, 0016
Duong day: I(km). R{(Q), L(H): |5, 0.1, 0.001
w B loe: L-C: LH), C(F): 0.5%107, 104

5.6*10°F

7.5kW

) [:0.68370, 0.04152H |

) 0.4519, 0.04152H

(La) |:0.1486H

10.5kg.m’

Hinh 4. So' do khoi mé phong va théng sé mé phong

Viéc kiém tra kha ning cung cép/hap
thu cong suét tirc thoi cuia IM-FESS duoc thuc
hién bang céch dat tham chiéu P_ thay doi tiy
¥ ¢6 phan duwong va phan am. Khip > 0, thict
bi s€ nhan nang lugng tur ludi dién va luu trir
trong banh da. Khi p_. < 0, nang luong luu
trir dugc dua ra cung cap cho tai. Két qua mo
phong trong Hinh 5a cho thdy cong suat dau ra
cua thiét bi luén bam sat cong suét tham chiéu,
thiét bi dé xuat dap Gmg tot v6i yéu cau luu trix
va cung cip ning lugng tic dung. Hinh 5b cho
thay dién 4p mot chiéu trén DC-Link ludn dugc
duy tri khéng ddi trong sudt qua trinh nap/xa
nang luong cua IM-FESS.

‘
a0t — B . = — W T T T —

P(W)

2}
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Hinh 5. a) Céng sudt thuc va cong sudt tham
chiéu; b) Pién dp DC-Link

4. KET LUAN VA HUONG PHAT TRIEN

Bai bdo trinh bay két qua phan tich
thiét ké chién luoc diéu khién phi tuyén
Backstepping bo diéu khién phia ludi va bo
diéu khién phia may cua IM-FESS. So véi cac
phuong phap diéu khién PID truyén thong,
phuong phap Backstepping c6 kha nang xu
1y t6t cac hé thong phi tuyén, dam bao tinh on
dinh toan cuc. Két qua nghién ctru s& gitp cai

thién hiéu qua diéu khién hé théng IM-FESS,
g6p phan nang cao do tin cdy va tinh on dinh
cua ludi dién trong diéu kién c6 nang lugng tai
tao. Noi dung can tiép tuc nghién ctru 13 xay
dung m6 hinh thuc nghiém dé khang dinh tinh
kha thi va uu viét cua thuat toan dé xuét.
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