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TOM T A T 
Ngay nay, nhu ciiu khai thac va sir dung nguon nang lupng tai tao thay thi n|u6n nang luong hda 
thach v6n dang can kifit dSn va gay 6 nhiem moi truong da tro thanh van dS cdp thiSt ciia nhilu 
qu5c gia trSn the gicri. ViSt Nam la niroc c6 tiem nang rat Idn \h ngudn nang lupng tai tao, dac bi§t 
la nang lupng gio va nang lucmg mat troi. Tuy nhien ngu^n difn gid va diSn mat trcii lu6n bj bien 
ddng do diSu kien thai tilt va moi truang nen khi chiing tham gia vao cac ludi difin cue bp (vi ludi 
- microgrid) de gay mat on dinh luoi dien, doi khi gay loi ludi, sap ludi. Bai bao nay trinh bay cdu 
tnic ciia h§ thong banh da luu trir nang lugng (FESS - Flywheel Energy Storage System) va dl 
xuat phuang an sir dung chung trong he thong vi ludi nhu mot phdn tu "dieu tilt" nang lupng. Cac 
ket qua phSn tich da cho thay vai tro ciia FESS va nguyen tdc dieu khien boat dpng ciia chung 
trong vi ludi 
Tukhda: FESS, Flywheel Energy storage system, Viludi. Nang luang tdi tao, Diingid. Dienmgt troi 

GIOI THIEU 

Nang luang tai tao la nguon nang lugng sach 
va vo tan ma thien nhien ban tang cho con 
nguoi. Nguon nang lugng tai tao bao gom 
nang lugng mat trai, nang lugng gio, nang 
lugng sinh khoi, nang lugng song bien, nang 
lugng dia nhiSt, v.v... trong do pho bien nhat 
hien nay phai ke den nang lirgng mat troi va 
nang lugng gio. Tii xa xua con nguai da biet 
tan dung nhiing nguon nang lugng nay phyc 
vu cho minh, tir nhung c6i xay gio, guong 
bom nuoc, coi gia gao bang sue nucfc, bep 
dun diing nang lugng mft trai, binh nuoc 
nong nang lugng mat trai, ... den nay da c6 
nhiing canh dong dien gio, canh dong dien 
mat trai, nha may dien mat troi, toa nha sii' 
dung dien gio va mat trai. Nang lugng tai tao 
voi nhiing uu diem vugt trgi nhu trir lugng vo 
han, khong lam bien doi khi hau va khong gay 
anh huang tac dgng xau den moi truang nen 
dang thu hut sir chu y ciia nhieu quoc gia tren 
the giai. Hien nay nhieu nuac tren the giai da 
CO nhijng buac di cu the de thay the dan 
nhCmg nguon nang Iirgng hoa thach truyen 
thong bing ngu6n nang lugng tai tao. Huang 
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di chu yeu khai thac sir dung nang lugng tai 
tao la biin chung thanh dien nang hoa vao 
luai dien quoc gia hoac hoa vai nhau tao 
thanh luoi dien cue bg (vi luai) [1], [2]. 
Nhiing dac diem ciia nang lugng dien san 
xuat tu nguon nang lugng tai tao la: 

- Giong nhu nang lugng dien, nang lugng dien 
tii nguon nang lugng tai tao khi san xuat ra neu 
khong dimg het cung khong "de danh" dugc; 

- Nang lugng tai tao thay doi lien tuc theo gia 
va theo ngay, dem va theo mua, vi du nang 
lugng mat trai va nang lugng gio t£ii moi thoi 
diem se khac nhau, ban dem khong co nang 
lugng mat trai, vao mua dong nang lugng mat 
trai giam dang ke dan den san lugng dien do 
chung tao ra cflng thay doi lien luc ngoai su 
kiem soat cua con ngucvi. Dac diSm thu hai 
nay anh huang den chat lugng ciia luai dien 
va tinh lien tuc cung cap dien. D^c biet doi 
vai vi Iu6i, su bien dgng bat thuang ciia 
nguon dien tii nang lugng tai t^o co the dan 
den loi luai hoac ŝ p ludi. 

Van de dat ra la can phai co nhiing phan tu 
nhu nh&ng cai "kho" luu trii vii dieu tiet dam 
bao sir lien tuc ciia nang lugng tai tao. De lam 
viec nay hien nay nguai ta dang su dung ph6 
bien nguon acqui va pin, chiing co nhugc 
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diSm la cong su3t khong Ian (de c6 c6ng suat 

dQ Ion thi r i t cong kenh), tuoi thg ngln, chi 

phi bao duong ton kem. 

Mgt phuang an dugc de xuat va phat trien 

trong vong han hai muai nam gan day la 

dung banh da de luu trii va dieu tiet nang 

lugng dien. Day la mgt giai phap kha ly thii 

va CO nhilu trien vong phat trien, thu hiit s\r 

quan tSm ciia nhieu nha khoa hgc tren th i 

gidi. Tuy nhien de su dung banh da luu trii va 

dilu tilt nang lugng thi can giai quySt hai van 

de ky thuat then chot: thu nhat la van de ton 

hao do ma sat, tiep din la co che bien doi 

nang lugng cua banh da thanh dien ning. 

Trong b^i bao niy chOng t6i quan tam nghien 

cuu van de thii hai dong thoi de xuat mot bg 

bien doi dien tu cong suat ket hgp vai banh da 

lam nhiem vu dieu tiet su hgat dong liSn tuc cua 

he thong dien gio va dl^n mat trai noi luoi. 

Phan tiep theo cua bai bao trinh bay cau tnic 

he thong banh da luu trir nang lugng dien tai 

tao; de xuat hai cau true sir dung banh da luu 

trii nang lugng gan voi he thong dien gio va 

dien m?t trai trong vi luai; de xuat nguyen tac 

dieu khien hogt dgng thu/phat ciia FESS de 

dam bao su lam viec on dinh cua vi luai. 

SO DO KHOI CHirC NANG 

So do khoi ciia ludi dien sii dung nang lugng 

tai tao CO su tham gia cua phan tu luu trii 

nang lugng, dugc chi ra tren Hinh 1, bao gfim 

cac khoi sau: 

- Khoi phat nang lugng la cac nguon nang 

lugng tai tao nhu pm quang dien, turbin gio... 

Khoi thu/phat nang lugng co nhiem vii nap 

va cat giii nang lugng khi co sir du thira va xk 

nang lugng khi co nhung bien dgng bat thuang 

ciia luai dien. De lam dugc dieu nay co the sii 

dung pin, acqui, sieu tu hoac banh da; 

Kh6i ludi va tai; 

Khoi dien tu cong suat la mgt bien doi 
diln tir cong suat ket noi luai linh hoat. D6i 
vcri nguon phat nang lugng khoi nay l̂ m 
nhiem vu bien doi nang lugng tai tao thanh 
dien nang co dien ap, tan s6 va goc pha phii 
hgp de ket noi vdi ludi. Doi vdi phan tii liru 
trir nang lugng khoi dien tit cong suat cd kha 
nang lam viec 2 chilu, khi ludi lam viec ^n 
djnh nang lugng tir ludi dugc dua den cat gift 
trong phan tu' luu trii, khi cd sir bien thien dot 
nggt dien ap thi nang lugng tir phan tu lim trft 
se dugc dua trd lai nham khac phuc sir bien 
dgng va on dinh ludi. Van de khac phuc loi 
ludi va on dinh ludi khong dugc de cap trong 
bai bao nay. 

Khoi dieu khien cd chuc nang dieu hanh hoat 

dgng ciia toan bg he thong nhu dieu khien 

nguon phat dien, dieu khien bg bien doi di?n tir 

cong suat, dieu khiSn n6i ludi, dieu khien qua 

trinh ngp/xa ciia he thong luu trir nang lugng. 

Nguon phat NL 
(PV/Tuabin gid) 

Thu/PhatNL K y 
(Pin/Acqui/B^nh d a ) P 

Biin doi di§n tii cong 
suat 

Dilu khien 

t' I <—n 
, ^ Tai 

Hinh \.Sadd khdi he thong ndng lugng tdi tga ndi ludi cd phdn tu liru trir ndng lugng 

HE THONG BANH DA LUU T R C N A N G LUONG 

He thong banh da luu tru' nang lugng (FESS: flywheel energy storage system) la mgt cong nghe 

luu trii, dieu tiet va tiet kiem nang lugng hieu qua. Trong he thong FESS, nang lugng dugc lini 
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trir trong banh da dudi dang dgng nang cua 
khoi quay va phat ra theo yeu c5u ciia he 
thdng [3], [4]. Cau true cua banh da luu trir 
nang lugng dugc chi ra tr^n Hinh 2. 
Banh da luu trii nang lugng thudng dugc thiet 
ke hoat dpng d toe do cao de dat dugc mat do 
luu tru nang lugng cao nhit. Cad banh da thi 
he ddu tien dugc lam bSng thep vdi vong bi 
CO khi nen toe do khong cao (chi dat khoang 
6000 vong/phiit). Nhd nhiing cai tiln ciia vat 
lieu lam banh da va cong nghe dieu khiln 6 
ddtii (AMB: active magnetic bearing) da tpo 
ra nhung tien bg quan trgng trong cong nghe 
banh da luu trii nang lugng, toe dp banh da 
hien nay d t̂ tdi 60.000 vdng/phut (tiic Idn 
gap 10 lan banh da th8 h$ dSu), Trong he 
thong FESS, khong nhirng roto quay d toe do 
cao ma vj fri cua roto cdn phai dugc dilu 
khî n mdt each chinh xac sao cho each deu va 
khong tiep xiic vdi stator, vi vay dao ddng cua 
roto cang nho cang tot. 6 da d?m tir la mot 
thiet bj ho trg sir d\ing d toe dp cao vdi cac 
dgc tinh nhu hoat ddng khdng co ma sat, 
khong can bdi tran dau m5, khdng gay ra 
tieng on, khdng gly d nhiem moi trudng, tudi 
thg cao [3]. Hinh 2 bieu dien cau tao ciia banh 
da luu trir nang lugng. 

Tryc rotor 

Hinh 2. Cdu tgo cua banh dd luu trii ndng luang 
Nang lugng lim tru' trong banh da dudi dang 
dgng nang dugc tinh theo cdng thirc: 

W = i j t o ' 
2 

(1) 

Trong do W ta nang lugng dugc luu tru trong 
banh da dudi dang dong nang (Jul); J la md 
men quan tinh (kgm^), J = k.M.R^ vdi M la 
khdi lugng (kg), R ban kinh (m), k: hang sd 
quan tinh phu thugc vao hinh dang va cau tnic 
vat ly cua banh da; co la van tdc gdc (rad,s). 
Trong banh da cd tich hgp rotor ciia mpt may 
dien cd the lam viec d che do may phat hoac 
che do ddng ca de bien ddi nang lugng tii ca 
nang sang dien nang va ngugc lai. Cd nhieu 
loai may phat dugc su dung cho he thdng 
banh da, nhu may phat nam cham vTnh cu'U, 
may dien cam ung... 

Qua trinh hoat dpng cua banh da cd the dugc 
tom tat nhu sau: khi cd du thua nang lugng 
banh da thuc hien viec luu trii nang lugng, no 
lam viec nhu mgt dgng co dien, khac vdi 
ddng CO dien thdng thudng, dpng ca dien sii 
dung trong banh dii cd md men quan tinh rat 
Idn va tdc dp quay rat cao. Mat khac, khi cd 
mdt dao dgng bat thudng d ngudn hoac tai 
banh da boat dpng nhu mgt may phat diSn 
cung cap them nang lugng can thiet dS giQ' dn 
dinh he thdng. Trong qua trinh xa nang lugng 
toe do ciia banh da giam dan dan den tan sd 
dien ap lien tuc thay doi. De duy tri tdn sd 
dien ap do may phat ciia banh da phat ra ta 
can sii dung mgt bg bien doi dien tu cdng suat 
lam viec d che dp chinh luu de bien dien nang 
cd tan sd thay ddi thanh dien nang mgt chieu 
va mgt bg bien ddi dien tit cdng suat lam viec 
d che do nghich luu de bien ddi nang lugng 
dien mpt chieu thanh dien ap xoay chieu hinh 
sin ket ndi vdi ludi dien. 
CAU TRUC P H A N DIEN CUA FESS 
Trong he thong dien gid va dien mat trdi ndi 
ludi banh da ddng vai trd nhu mgt acqui de 
luu trir nang lupng du thira va nhu mpt may 
phat dien.du phdng de cung cap nang lugng 
khi cd sir thay ddi bat thucmg cua ludi dien. 
De lam dugc dieu nay thi cac thanh phan dien 
chinh ciia mgt he thdng dii trii nang lugng 
banh da la mgt modul dien tir cdng suat va 
modul dieu khien de dieu khien hoat dgng ciia 
modul dien tu' cdng suat d che do nap, xa 
hoac du phdng [5], [6]. 
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Cau hinh phd bien nhat cua he thdng banh da 

luu trir nang lugng dugc chi ra tren Hinh 3 va 

Hinh 4. Trong hinh 3, cac bd bien doi 1 va 2 

la nhung bp bien ddi 2 chieu. O chfi do xa, bd 

bien ddi 1 lam viec nhu mgt bg chinh liru, bd 

bien ddi 2 lam viec nhu mgt bg nghjch luu. O 

che dp nap bg bien doi 1 lai lam viec d che do 

nghich luu va bd bien ddi 2 d che dp chinh 

luu. Hinh 4 cd nguy8n 1;̂  lam viec nhu hinh 3 

nhung sir dung banh da nhieu bgc, chung 

dugc ghep ndi vdi nhau qua DC bus. He 

thdng banh da nhieu bac cd the cung cap dung 

lupng du trii nang lugng cao hon he thdng 

banh da mgt bac. 

'™" ' "^ D!!., >;. I Ri?n ilni ? 

J D C ^ A C P ^ ^ j 

Hinh 3. Cdu triic cua bdnh dd luu trii ndng lugng 
ndi ludi 1 cdp 

]C-DC ^ ^ ) 

B o doi 11 

kr-Di.̂  

Hinh 4. Cdu triic cua he thong bdnh dd ndi ludi 2 cdp 

He thdng banh da cd the ket hgp vdi cac 

ngudn so cap khac nhu dien gid, dien mat 

trdi, v.v... tao thanh he thong lai [2]. Cd 

nhieu he thdng lai tiiy thudc vao ngudn nang 

lugng sa cap va he FESS dugc tich hgp vao 

he thong. Hinh 5 bieu dien mgt he thdng dien 

gid ndi ludi cd tich hgp he thong banh da luu 

trii nang lupng. Dien ciia he banh da dugc 

tich hgp vao bus DC ciia he thong nang lugng 

siic gio bang each sir dung mgt bp biin doi 

DC-AC hai chieu. Hinh 6 bieu dien cau tnic 

he thdng lai dien mat trdi ndi ludi tich hgp he 

banh da. 
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Hinh 5. Hi Ihdng dien gid noi ludi lich hgp bdnh 
dd luu trir ndng luang 

D I phan tich boat ddng va tu do thay dugc tac 

dung ciia banh da luu trii nang lupng cung 

nhu nguyen tac di lu khien chung trong he 

thdng lai nhu d Hinh 5 va hinh 6, nhdm tac 

gia gia thiit dat pr la cdng suat tir ngudn nang 

lugng tai tao (dien gid, diln mat trdi) cung 

cSp cho ludi, cdng suat nay thudng thay d^i 

lien tuc theo dieu kien mdi trudng [1], [2]; p„ 

la cdng suat he thong cua he thdng banh da; 

Pg la cdng suat bom vao ludi, de ludi dien lam, 

viec dndinh thi cdng suat nay can dugc giu co 

djnh (po = const) Ta cd: 

pF = pR - Pr (2) 
DC Bus 

-r 

Hinh 6, He thdng dien mat trdi ndi ludi tich hgp 
bdnh dd luv irit ndng lugng 

Hinh 7. Dudng cong cong sudt tuc cua ludi (a) vfl 
cua FESS (b) trong hi ihdng lai 
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Dudng cong cac loai cdng sudt dugc chi ra 
tren Hinh 7. Tir b i lu thiic (2) va tir Hinh 7 ta 
thay rang cong suat ciia FESS bi in ddng theo 
sir bien dgng cua cdng suat cua ngudn nang 
lugng tai tgo. FESS se thy:c hien nap nang 
lugng khi P F > 0 va xa nang lugng^de bd sung 
nang lugng cho he thdng khi p? < 0. Dudng 
cong PF dugc sir dung de dieu khien hoat 
dgng ciia FESS (van de nay se md ta chi tiet 
trong bai bao tiep theo). 
KET LUAN 

Banh da luu trii nang lugng la mdt he thdng 
luu trii nang lucmg cd nhieu uu diem ndi bat 
so vdi cac phan tiir luu trii nang lugng truyin 
thdng (pin, acqui, vi tu). Chung cd tudi tho rdt 
cao, dung lugng luu trtt cd th i r i t Idn, khdng 
phai bao dudng trong qua trinh van hanh. Tuy 
nhien he thdng FESS con mpt vai nhugc diem 
la gia thanh kha cao, thdi gian xa nang lugng 
ngan. Cac phan tich d tren da cho thay c iu 
tiiic va vai trd ciia he thdng FESS trong cac vi 
ludi cd su tham gia cua cac ngudn nang lugng 
tai tao. Bai bao nay mdi dirng lai d viec mo ta 
cau tnic va nguyen tac dieu khien he thdng 
FESS trong he thdng lai. Trong cac cdng bd 
tiep theo chiing tdi se md tii chi tiet cac chien 
luge dieu khien FESS de dam bao su lam viec 
dn dinh ciia vi ludi. 
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SUMMARY 
F L Y W H E E L E N E R G Y S T O R A G E SYSTEM IN T H E M I C R O G R I D 
W I T H W I T H T H E R E N E W A B L E E N E R G Y S O U R C E S 

Lat Khac Lai'*, Thanh Hoa Lai Thi*, 
Huynh Nguyen Van'. Hai Vu Nguyen^ 

Universty of Technology - TNU 
^College of Economics and Techniques - TNU 

Today, the exploit and use renewable energy sources to replace fossil fuels that are depleting and 
polluting the environment has become a popular issue in many countries of the world. Vietnam has 
a great potential for renewable energy, especially wind energy and solar energy. However, wind 
power and solar power always fluctuate due to weather and environmental condhions, so when 
they participate in the local grid (microgrid) can cause grid instability, sometimes causing errors 
grid. This paper presents the structure of the Flywheel Energy Storage System (FESS) and 
proposes effective ways of using them in microgrid systems as an energy regulator. The results of 
the analysis show the role of FESS and their operating principle in the microgrid. 
Keywords: FESS, Flywheel Energy storage system, Microgrid, Wind power, Solar power 

Ngdy nhdn bdi: 24/10/2017; Ngdy phdn biin: 29/10/2017; Ngdy duyitdang: 30/11/2017 

Tel-0913 507464 


