KHOA HOC & CONG NGHE

THIET KE TOI U MAY PHAT PONG BO NAM CHAM NOI

OPTIMAL DESIGN OF SURFACE PERMANENT MAGNET SYNCHRONOUS
GENERATOR

Phan Hoai Nam?, Hoang Viét Pai?
1Khoa Dién - Tu dong hoéa, Trieong Pai hoc Kinh té Ky thudt - Cong nghiép
2Truong Dién - Pién tir, Pai hoc Bach khoa Ha Ngi
Dén Toa soan ngay 26/03/2024, chap nhan dang ngay 11/06/2024

Tém tat:

Viéc str dung dau mé va nang lwong gié dé phat trién hé théng dién la mot xu thé cho cac

nha nghién ctru trén thé gi¢i. Dac biét, ngudn nang lwong héa thach la ngudn ndng lwong
khoéng phai la vé tan, khi tiéu thu s& gay 6 nhiém maéi truéng, anh huéng tdi strc khde cia
con nguwdi. Bai bao nay tap trung vao thiét ké va tbi wu héa may phat dién ddng bdé nam
cham vinh ctru (SPM) cho hé théng tuabin gié, st dung phwong phap phan t&r hiru han véi
phan mém ANSYS Maxwell. May phat dién SPM nay dwoc so sanh véi cac loai may phat
dién khac nhw SCIG, WRIG, SG, DFIG va SRG. Qua viéc phan tich va thiét ké, bai bao dua
ra cac wu diém ndi bat cia may phat dién SPM trong viéc cai thién hiéu suét va do tin cay,
ddng thoi gidm chi phi san xuét. Két qua nghién ctru cho thdy may phat dién SPM c6 thé
dap rng cac yéu ciu vé hiéu suat cao va chi phi thap, gitp thuc day phat trién nang lwong

tai tao & Viét Nam.
T khoa:

Abstract:

Tuabin gié, may phat déng bd, nang lwong, héa thach.

Mining and using wind energy to develop electrical source is a trend which is famous for
researchers over the world. Especially,

The more fossil energy product, the less fossil

energy source and fossil energy is to cause pollution of environment. This paper focuses on
the design and optimization of a Permanent Magnet Synchronous Generator (SPM) for wind
turbine systems using the finite element method with ANSYS Maxwell software. This SPM is
compared with other types of generators such as SCIG, WRIG, SG, DFIG, and SRG.
Through analysis and design, the paper highlights the significant advantages of SPM in
improving efficiency and reliability while reducing production costs. The research results
show that SPM can meet the requirements for high efficiency and low cost, helping to
promote the development of renewable energy in Vietnam.
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1. GIOI THIEU

Cong nghiép hoa, hién dai héa dit nudc yéu
cau va doi hoi viéc s dung cac ngudn ning
luong sach va vinh clru. Trong quy I nam
2021 cua EVN, cac yéu cau sir dung ning
luong dién ting 7,93%. Tuy nhién, cic nguon
ning luong truyén thong nhu nhiét dién, thuy
dién khong thé dap ung du yéu cau caa ngudi
tiéu dung, dan dén viéc gigi han tai gay anh

Wind turbine, synchronous generator, energy, mine.

hudong xau dén ngudi dan. Do do, viéc phat
trién nguon ning luong tai tao 1a cau tra loi
chinh cho diéu ndy va ngudn ning luong tai
tao c6 thé tap trung khai thac mét cach manh
mé trong tuong lai. Viéc phét trién nguon
ning luong gid yéu cau céc thiét bji co hiéu
suat cao, gia thanh thap va do tin cay. Bén
canh do, may phat di¢n nam cham vinh ctu
(SPM) dang chi ra nhitng wu diém néi bat nhu
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kha nang cai tién trong thiét ké dé &p dung
vao ngudn ning luong tai tao. Bai bao nay sé
trinh bay md hinh may phat dién gi6 bao géom
hé théng méay phat SPM.

Viét Nam 1a qudc gia dang phat trién voi tdc
d6 cao, do vay nhu cau sir dung ning luong
ting cao. V4i cac gidi han vé ngudn ning
lwong, dau mo c6 chi phi ting cao va doi hoi
viéc tim kiém nguon ning lugng mai la can
thiét. Loi ich cta nang lugng gi6 ¢ Viét Nam
la rit 16n do c6 chiéu dai bd bién hon
3000 km.

Cac nha nghién cau chi ra rang viéc toi wu cac
thiét bi voi muc dich tao ra nguon cong suat
yéu cau hiéu suat cao va kinh té. Cach tét nhat
dé toi wu 1a dua ra cac nghién ciu cac thiét bi
dugc md phong trude khi san xuat dé danh
cac dac tinh cua may phat dién.

Cudi cung, thiét ké va toi wu may phat dién
dong bo nam cham ndi (SPM) sé& dua ra cac
dac tinh nhu dong dién, dién ap, momen, céng
suat, hiéu suit. Bén canh d6, tai liéu [3] da
thiét ké nhung ciing chua so sanh véi may
phat dién SPM sur dung nam cham halbach.

May phat dién dung cho hé théng tuabin gid
khac biét so vai cac loai may phat dién khac
nhu sau [5]:

= SCIG (Squirrel Cage Induction Generator):
May phat dién cam Gng ldng séc co do bén
cao nhung hiéu suat khong cao va kho diéu
khién.

= WRIG (Wound Rotor Induction
Generator): May phat dién cam Gng roto day
quan c6 kha ning diéu khién tét hon SCIG
nhung phtrc tap hon trong thiét ké.

= SG (Synchronous Generator): May phat
dién ddng bo thudng yéu cau hé thdng kich tir
phtic tap va c6 thé khong hiéu qua cho céc
ng dung c6 cdng suét thay doi lién tyc.

DFIG (Doubly-Fed Induction Generator):
May phat dién cam tng hai ngudn cap cé hiéu
suat cao va kha nang diéu khién linh hoat
nhung chi phi cao.

» SRG (Switched Reluctance Generator):
May phat dién tir trd chuyén mach c6 cau tric
don gian va do bén cao nhung tao ra nhiéu
nhiéu tir va rung dong.

May phat dién SPM c6 uu diém néi bat nhu:

= Kha ning tao ra mat do cong suat cao va
hiéu suat cao tai thoi diém toc do gio thap.

= Cau trac don gian va dé san xuat.
= PO tin cay cao va it can bao tri.

» Giam kich thudc va trong lugng cua may
phat dién.

2. CAC VAN BE

2.1. Co s& ly thuyét

Viét Nam vé dia ly 1a mot nuée c6 doi phia
tdy va thip dan vé phia dong, do vay c6 dia
hinh dbc. Ngoai ra, Viét Nam c6 bd bién dai
va nhiéu dao nén viéc xay dung hé thong
tuabin gi6 ca trén bo va ngoai khoi la kha thi.
Viét Nam nam gan xich dao, ¢ ving kho han
nén gi6 6n dinh & duyén hai Nam Trung Bo

May phét tuabin gié duoc thiét ké co roto
dugc gin véi quat gié nhu hinh duéi dé bién
d6i nang lugng gid tr dong niang thanh co
nang trén truc tuabin ndi vai cac hop sé hoic
khong. Tuy theo tdc do gié ma ching ta cd thé
lya chon déng Y véi no.

Rotor
-« Blade
fl

| | Geabox  Generstor
H /

' Nacelie

=
Fixed Pich
Rator Blade

Harizontal Axis Wind Turbine Wertical Axis Wind Turbene

Hinh 1. Mt vai kiéu tuabin gi6é dwoc str dung
phé bién
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Hé thdng tuabin gié nhu Hinh 2.

Hinh 2. Dac diém cha hé théng tuabin gi6

2.2. Cong thiec

Véi cong suat caa tuabin gio 1y sé luong
canh quat 1a Z =3 (1-4)

Téc do gio V = 2-8 m/s

Cong suat tuabin gid 1a [4]:

P=0,5x px AxV? 1)
Trong do:

p : mat do gio;

A: tiét dién.

Ti Ié dau quat gio:

A= a)g )
Trong do:

o: toc do quay, o= 7[3—?;1

R: ban Kkinh;

V: téc do gio;

n: téc do roto.

Chiéu dai duong kinh trong va duong kinh
ngoai roto [1]:

D=3 ﬂx&xﬁ 3)
1 C,

Chiéu dai roto
— ﬂﬂ“ Dis

L (4)
2p,
Kich thuéc nam cham [2]
B./B
d,=g——->— 5
=91 578, (5)
Trong do:
szixngﬁxSin O \xsin| v
TV 2p 2p

_ Wcoil X Icoil
A, =&, X2 x—l el

S
D 2
V=rx =2
2
a: chiéu rong cua nam cham,;

v: sdng hai p=v.
Trinh bay nghién cau

Hinh 4. Ttr tinh cta roto vé&i nam cham halbach
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Roto cia may phat dién gi6 c6 cac bé mat.
Cach dé gan loai nam cham nay: Trén roto ct
12 khe h¢ trén thép cua roto va trén nam cham
cit 2 duong khe ho dé gan nam cham vao (sé
cat truoc khi nap tir tinh nam cham). Khi lap
dat thao tac gan nam cham cén than, tranh va
nam cham. Trong md phong tac gia bo qua
cac khe ho @& gidn nam cham. Trong md
phong sir dung nam cham Ndfe30.

3. CAC KET QUA
Dit liéu dau vao:

Bang 1. Cac théng sé chinh

Ky Thongsé | Nam | Nam | Unit
hi¢u chédm | cham
binh [Halbach
thwong

NN Téc do quay | 3000 |3000 | Rpm
dong bd

Pgen | Cong suat 1,274 | 74,906 | kW
phat

TN Momen 12,5 360 Nm

Epm = in

urms bién ap 64 500 Vv

L Chiéu dai 15i | 230 230 mm

Nph | S6 luong soi | 84 84 -
day trong
mot ranh

Ns S6 lugng 18 18 -
ranh stato

B, Tu du cua 1,3 1,3 T
nam cham

Di Puong kinh | 175 175 mm
trong stato

Do Puong kinh | 253 253 mm
ngoai roto

hem | Chiéuday | 50 50 mm
nam cham

Wem | Chidurong | 41,09 | 41,09 | mm
nam cham

p S cap cuc 1 1 -

Viéc ap dung cac phuong phap dé tinh toan va
thiét ké may phat, phuong phap phan tir hitu
han co6 do tin cay cho viéc md phong tuabin
gi6. Ansys Maxwell 12 mot phan mém dé md
phong may dién bang viéc phan tich phan tir
httu han tuan theo cac phuong trinh cua
Maxwell:

Dinh luat cam Ung Faraday

VxE:—@

Dinh luat Gauss vé tir truong
VeB=0
Dinh luat Ampere

VxH:J+@
ot

Dinh luat Gauss vé dién truong
VeD=p

Truong hep 1: Roto st dung nam cham vinh
cuu.

B [tesla]
1.7000

.1 5300

1.4280
1.3260
12240
11220
1.0200
09180
0.8160
0.7140
0.6120
0.5100
0.4080

0.3060
0.2040
0.1020
0.0000

ra

Time  =14.00000ms
Speed = 3000.000000rpm
Position = 252.000000deg

Hinh 5. Mat dé tt théng

Current

Trme ms)

Hinh 6. Dong dién stato
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Voltage

Hinh 7. DBién ap stato

Torgue Plot 1 ManwelaDDesign] AT

Caenin s

Wong Toue
Selup! Timsenl 125061

[1] 250 500 £ 00 125
Time ms]

Hinh 8 Dac tinh momen téc do
Dua trén hinh 6 va hinh 7, cosp = 1 cdng suat
phét I3
Sphat = SatSp+Sc = 74,7+64,6+62,6 = 1274 W
(6)
Pgen = Sgen.cos@ = 1274.1 = 1,274 kW  (7)
Tir hinh 8, cong suat tuabin 1a

_Txn_12,5%x3000
shaft = 9,55 9,55

~3926 W (8)

n: tbc d6 quay cua tuabin.
Tur (7) va (8), hiéu suat cua tuabin la

_ Pen 1274
Piaw 3926

~32,4% 9)

Trirong hop 2: Roto gan nam cham halbach.

Hinh 9. Dong dién

B

1 ]

L4 e s kb os oo o8 o8
% B @ B B OB B OB ¥

Hinh 10. Bién ap

Torque Plot 1 MaswelBDDesign1 ANSTS

Hinh 11. P&c tinh momen téc do

Sphatz = Sa + Sp + Sc = 498,49+540,54+464,46
= 74906 W 9.1)

Pgen2 = SgenXcos@ = 74906,1 = 74,906 kKW
(10)
Tir hinh 11, ¢6ng suat tuabin la

Txn _ 360x3000

P — _ ~113089W (11
shaft2 =9 55 9,55 (11)

n: toc do quay tuabin.
Tir (10) va (11), Hiéu suat caa may phat la

Pee 74906
P,.., 113089

n2= ~ 66, 2% (12)
Céc két qua cho thay viéc sir dung tuabin gi6
vé6i kiéu nam cham halbach mang lai cac loi
ich dang ké. Tuabin gié véi nam cham bé mat
dé tim kiém vat liéu ¢ Viét Nam. Bén canh d6
thi két cdu may don gian do vay dé dua ra san
Xuat dai tra.

Tir hinh s6 8 va hinh sb 11 nhan thay dic tinh
momen & hinh sé 11 én dinh hon, Hinh sb 8
cho thidy may kha rung va on. Vi cung kich
may nhung khi thay d6i kiéu nam cham thi
cong sut dua ra ting khoang 70 lan, nhu vay
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néu cung cong suat thi s& giam duoc kich
thudc may dang ké.

Viéc thiét ké mdy phat dién duoc trinh bay
trong bai bao khéc bi¢t so voi cac may phat
dién hién c6 nhu sau:

= Kha nang cai thién hiéu suat: May phét
dién dong bd nam cham vinh ctu (SPM)
thiét ké maoi c6 hiéu suit cao hon nho viéc
t6i wu hoa tir thdng va giam ton that ning
lugng.

= PO tin cay va bao tri: Cau trac don gian
ciia SPM gilip giam yéu cau bao tri va ting
do tin cay trong van hanh lau dai.

= Chi phi san xuit: Str dung nam cham dat
hiém voi thiét ké toi wu giap giam chi phi
san xuit, 1am cho may phat dién SPM tro
thanh lya chon kinh té hon.

4. KET LUAN

Hé thng tuabin gid véi cac tuabin dugc
thiét ké theo kiéu halbach nam cham dua ra
nhiéu loi ich. Gié thanh vat liéu ré bang viéc
st dung nam cham dat hiém, mang lai nhiéu
tiém ning cho nganh ning lugng tai tao

trong tuong lai.
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