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__ KHAOSAT TU TRUONG CUA DAY NAM CHAMKEP
SAP XEP THEO CAU TRUC HALBACH TRONG MAY PHAT TUYEN TiNH
SU DUNG TRONG THIET BI CHUYEN POI NANG LUOQNG SONG
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TOM TAT

Céc thiét bi may tuyén tinh sir dung nam cham vinh ctru ¢6 Gng dung rong rai trong cac linh vyc
khac nhau. Trong linh vuc chuyén d6i nang lugng song, VleC su dung may phat tuyén tinh trude
déy dugce coi la kho khan va khong kinh té do gap nhidu vin dé vé mat ky thuat. Nhleu no luc
nghién ciru d dugc thyc hién dé vuot qua nhitng kho khin d6, tuy nhién két qua thuc té van con
nhiéu han ché. Trong nghién ctru nay, nd luc cai thién mat d¢ tir thong trong may phat tuyén tinh
da duoc thuc hién. Ciu trac day nam cham kép Halbach dugc khao sat theo cac thong s6 kich
thudc ctia may phat dién trong thiét bi chuyén d6i nang luong séng nham ting cuong mat do tir
thong trong khe h¢ khong khi, tir d6 chon lwa cac thong sO hop 1y dé cai thién hiéu suat dau ra cua
may phat dién tuyen tinh. Két qua s tir phuong phap phan tir hiru han duoc sir dung dé mo phong
va quan sat phan phdi tir thong trong may. Két qua cling cho thay viéc str dung nam cham cau tric
Halbach kép da taing mat do tir thong so vai thiét bi sir dung cu triic nam chdm thong thudng.

Tir khoa: Thiét bi chuyén doi nang lwong séng; mdy phat dién tinh tién; ddy nam cham Halbach;
mé phong sé;, tir truong.

Ngay nhdn bai: 13/8/2020; Ngay hoan thi¢n: 15/11/2020; Ngay ding: 30/11/2020
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ABSTRACT

Permanent magnet linear devices have wide applications in various fields. In the field of wave
energy conversion, the use of linear generator has earlier been regarded as difficult and
uneconomicaldue to technical problems. Many studies have been carried out to overcome these
difficulties, but the actual results are still limited. In this study, an attempt to improve the magnetic
flux density in linear generator was made. A dual Halbach array structure was investigated on
parameters of line generator in wave energy converter to enhance flux density in air gap, thereby
selecting the appropriate parameters to improve the output performance of linear generator. The
numerical results from the finite element method were used to simulate and observe the magnetic
flux distribution in the machine. The results also show that the dual Halbach array magnets has
increased the magnetic flux density compared to the schema used in linear generator of Direct
driven wave energy conversion.
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1. Gi6i thiéu

Naéng lugng séng, con dugc goi la nang luong
dai duong hodc ning luong song bién, 1a ning
luong khai thac tir song bién. Dao dong thang
clia song bién trén bé mat dai duong chura rat
nhiéu nang luong co hoc, chiung can dugce thu
gilt boi cic cong nghé niang lugng dé thuc
hién cac nhiém vu hitu ich, vi du nhu tao ra
dién, khtr nudc va bom nude vao cac hd chia.
Ning luong séng vé co ban 1a ning luong
duoc rut ra tr dao dong co hoc cia song. Khi
gi6 thdi qua mat bién, n6 truyén ning luong
cho song. Do 1a ngudn ning lwong doi dao va
khong bi gidi han. San lugng nang lugng cua
song dugc do bang tbc do song, chiéu cao
song, budc song va mat do nudc. Soéng cang
manh thi cang c¢6 kha nang tao ra nang lugng.
Nang luong thu duoc thong qua cac bo
chuyén ddi ning luong séng (WEC) sau d6 co
thé dugc sir dung dé phat dién, cung cép nang
lugng cho cac nha may hodc bom nude [1].
WEC 1a thiét bi chuyén déi ning luong co
hoc cua song thanh ning luong dién. Thong
thuong, cac WEC st dung mot hé thong
chuyén dbi chuyén dong tuyén tinh cham cia
bd hap thu ning luong séng thanh chuyén
dong quay toc do cao cua cic may phat dién,
diéu d6 doi hoi cac co cau chuyén déi co hoc
phirc tap. Ngoai ra, trong nhiéu tng dung, nd
¢6 thé str dung nhu may phat dién téc do thip
hodc may phat tuyén tinh. Y tudng vé& may
phat dién tuyén tinh truyén dong truc tiép da
duoc dua ra voi muc tiéu giam do phuc tap
clia cic co cdu co hoc, trong do giam s
luong cac bo phan cé thé di chuyén va dé
giam thiéu ton that mat mat co ning. Céc co
cAu truyén dong truc tiép nay duge du kién co
thé nang thoi gian st dung 1au hon va it phai
bao tri hon [2].

Mot may phat dién tuyén tinh st dung 3 day
cdp nam cham vinh ctru da dugc phat trién
trong dy 4n VNU - QG.14.01. Uu diém cua
mo hinh nay la khong c6 16i thép trong cudn
day, diéu d6 c6 nghia 1a khong co lyc can
cam (mg do 16 thép tir gay ra. Piém han ché

ctia mo hinh nay 1a cong suat dau ra yéu do tir
truong gidi han bén trong stato cua may phat.
Muc tiéu ctia nghién ctru ndy nhim ting mat
do tir thong va cong suat dau ra cia may phat
dién tuyén tinh bang cach st dung 2 ddy nam
chdm vinh ctu Halbach. Trong nghién ctu,
cac khao sat tir trrong ciia nam cham vinh ctru
v6i cac kich ¢& khac nhau da dugce tién hanh.
2. M4y phat tuyén tinh sir dung trong thiét
bi chuyén ddi ning lwong séng

Mot so do ciia b bién ddi ning luong song
phao kép c6 thé duoc phac thiao nhu hinh 1
[2], [3]. N6 bao gébm hai phao hép thu dao
dong song bién. Phao thir nhat 1a mot chiée
phao ndi kich thudc 16n, két nbi véi mot ong.
Cai con lai 1a mét chiéc phao nho hon c6 thé
dich chuyén tir do bén trong éng trén. May
phat dién tuyén tinh stir dung nam chdm vinh
ctru 1a mdt may phat dién c6 co ché chuyén
d6i chuyén dong truc tiép két ndi gitra hai
phao. May phat dién gdm phan dich chuyén
(rotor) v&i cac cugn diay ¢ dang piston va
stator gdm nam cham vinh ctru v6i phan cuc
nam cham xen k&. Phan dich rotor két néi véi
phao thir nht va stator c6 lién két cing ndi voi
phao thir hai. Sy dich chuyén twong dbi giita
hai phao gy ra dich chuyén tuong ddi giita
rotor va stator. Khi phan dich rotor di chuyén
tuong d6i véi stator, tir truong xen k& trong
stator s& san sinh ra suat dién dong trong cac
day dan. Ning luong dau ra cia may phat dién
s& duoc két ndi voi hé thdng tich trir bén ngoai.
M6 hinh may phét trong dgy an VNU -
QG.14.01 da duoc thiét k& dé phu hop su
dung trong chuyén déi ning luong song bang
co cdu truyén chuyén dong thing truc tiép.
Dua trén nguyén tic, mot so dd cua may phat
va két nbi tir may phat dén phao duoc thé hién
trong Hinh 1 va 2. Trong thiét két cua may
phat, phan 16i cuon diy duoc st dung bing
vat liéu khong c6 yéu t6 tir tinh tir d6 loai bo
dugc luc cogging. Nhin chung, may phat dié¢n
dd duogc thiét k& dudi dang hinh 6ng co st
dung cac cap nam cham tao khe tr (Hinh 2).
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Mot trong nhitng tham sd quan trong nhat
trong may phat dién la thong lugng tir co
trong mit phiang chuyén dong cua day dan
trong cudn day. Suét dién dong tu cam phu
thugc vao s6 vong cua cudn day, mat do tir
thong trong may phat. Véi khdi lugng cb dinh
trong may phat, diy nam cham kép sip xép
theo cau trac Halbach duoc ap dung dé tiang
cuong do dau ra. Luoc dd cua trinh tao duge
hién thi trong Hinh 3.

cuénday |+ d
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' t
day nam 5 -
cham Halbach A

Mat cat A-A

Hinh 2. Gidn d6 ciia mdy phdt dién (a) mdt cdt
ngang va (b) cdc cudn ddy va nam cham trong mat
cat A-A
Diy nam chim sip xép theo ciu tric

Halbach

Day nam chdm Halbach 1a sy sip xép c6 dinh
huéng cia nam cham vinh ctu lam cho tr
truong & mot bén ciia diy manh hon, dong
thoi triét tiéu tir truong vé gan 0 & phia bén

kia. Didu nay rat khac véi tir truong xung
quanh mot nam cham. V4&i mot nam cham
duy nhat, ban c6 mot tir truong cuong do
bang nhau ¢ hai bén ciia nam cham, nhu hinh
bén trai hinh 3.

Hinh 3 bén trai 1a diy nam chiam gdm 5 nam
cham nhé c6 tat ca cac cuc Bic hudng lén
trén. T tinh cua day trong truong hop nay
gidng nhu mot nam cham dai duy nhat. Hinh
3 bén phai 14 ddy nam cham duogc sap xép lai
theo céu tric Halbach. Cudng do truong duoc
biéu thi bang thang mau, manh bang nhau &
mat trén va mdt dudi cia nam chadm. Nguoc
lai, mang Halbach hién thi bén phai c6 truong
rit manh & phia trén va truong khé yéu & phia
dudi. [4]

Hiéu ung ban dau duoc phat hién mot cach
ngau nhién bdi John C. Mallinson vao nim
1973 va dugc 6ng md ta 1a cdu tric "théng
lwgng mét phia". Vao nhiing nam 1980, nha
vat ly Klaus Halbach da doc lap phat minh ra
mang Halbach dé tdp trung cac chum hat,
electron va laser.

Hinh 3. Day nam chdm sdp xép theo phén cuc
dong nhdt va theo cdu triic Halbach [4]

3. Tr trwong trong may phat dién

Do tinh d6i xung truc, tu truong 2D s€ dugc
khao sat doc theo truc may phat va xuyén qua
tam d6i xtmg ctia mot khe tir. Dé phan tich tir
théng tur truong trong may phat véi cac day
nam cham, hai trudong hop mé phong da duoc
nghién ctru. Trong trudng hop dau tién, nam
cham vinh ctru c6 kich thudc dai 25 mm va
rong 10 mm dugce bd tri thudng xuyén véi
khong gian 7 mm nhu trong du 4n VNU -
QG.14.01 (Hinh 4a) dé xac nhén tinh chinh
xac clia phuong phap mo phong. Trong phan
hai, nghién ctru s€ thuc hi¢n khao sat tu
trudng cua cac nam cham mang Halbach kép
(Hinh 4b).

56

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

D6 Huy Piép va Prg

Tap chi KHOA HQC & CONG NGHE PHTN

225(14): 54 - 61

pespetesieneer

a)Cdu hinh nam chdm théng thuong

s

b)Cdu hinh nam chéam theo cau triic Halbach

Hinh 4. Cdch sdp xép nam cham theo 2 ciu hinh
Dua trén sy sip xép cac nam chdm vinh ctru,
phan bd tir truong trong may phat duoc mo ta
voi cac phuong trinh Laplace va Poisson.
Tinh toan s tir phwong phap phén tir hitu han
dugc str dung dé phén tich va quan sat su thay
ddi tir thong trong khe hd khong khi ciia may
phét [5]-[8].

T External Halbach array

0 0 O S el B A B O
~ ~— .

Region 1

I

Radially Axisally
magnetizad PMs magnetized PMs

Region 2

Internal Halbach array

Hinh 5. Théng s6 hinh hoc va cdu triic phdn cuc

tir cua ddy nam cham Halbach kép
Thong s quan trong nhit trong mot may phat
dién 1a truong thong luong tir cat ngang véi
dich chuyén cua diy dan trong cudn cam.
Theo cac cong thic tinh toan truong dién tur
cua Maxwell, khong gian trong may phat
duoc chia lam 2 vung dua trén déc tinh tir cua
vat liéu. Khe khong khi gitia 2 ddy nam cham
may phat hay khoiang khong gian cia cac
cudn day di chuyén c6 tir thdm 1a 1.0 duogc ki
hiéu 14 ving 1. Ving nam cham vinh ciru cau
tao boi vat liéu dat hiém duoc ki hiéu 13 ving
2. Pac tinh tr truong cia vung 1 va 2 dugc
biéu dién boi mbi quan hé giira cuong do tur
truong, H (A/m) va mat 6 thong luong tur, B
(Tesla) qua cong thurc:

— T — e

B, = 4,H,, 1)

B, = ttott:H, + 1M @)

Trong d6 wo 1a d6 tir tham cua chan khong
v6i gi tri 13 42,107 H/m, g 14 d6 tir thdm cuia
cac nam chdm vinh cttu, M = Brem/po la

vector do tir du hoa don vi tinh theo A/m, va
Brem 1a cam tng tur du.

Viéc giai cac phuong trinh mo ta tr truong, vi
du nhu phuong trinh Laplace va phuong trinh
Poisson, 1a can thiét d€ c6 hinh dung cu thé vé
tr truong trong mdy phat. Dinh ludt Gauss
cho tir tinh phat biéu rang

V. |_5>| =0 trongdoi=12.
Vi thé vector tir A c6 thé biéu dién theo cong thire
L5>| =Vx A 3
Theo d6, phuong trinh ¢ thé viét
V % B. =-V? A 4)

Trong ving 1, két hop phuong trinh Maxwell
va phuong trinh 1 dem lai

VxB, =VxuH, = pu,J (®)
Thay phuong trinh 4 vao 5 thu duogc
V2A =—p,J ; trong d6, J (A/m?) 1a mat do
dong trong truong. Trong nam cham vinh ctru
J= 0, tir @6 phuong trinh Laplace cho viung 1
c6 thé bicu dién 1a:

VA =0 (6)
Dbi voi ving 2, sy két hop phuong trinh
Maxwell va phuong trinh 2 dua téi

VxB, = 14, I + 11,V x M (7)

Tuong tw, phuong trinh 4 va phuong trinh 7
dan dén phuong trinh Poisson cho viing 2.

Vz,&z :—yonM (8)
4. Phan tich phin tir hitu han va két qua
mo phong

Thuc hién giai bai toan trén bing phuong
phap phan tr hitu han (FEM), phin mém
Ansys Maxwell da dugc sir dung.
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Dau tién, xay dung mo hinh nam chdm trong
bai toan nhu hinh 6.

Hinh 6. Xdy dung model trong Ansys Maxwell
Thiét 1ap cac thong s6 kich thude, ddc tinh vat
li€u tir ciia nam cham st dung trong mé phong
1a NdFe35 véi cac thong s6 sau (hinh 7).

D6 tir tham nam cham 1.0997785406
Luec tir khang -890000 (A/m?)
Do dan dién khoi 625000 (Siemens/m)

Tu du Br 1.23 (Tesla)

s in Es EDED

‘ ‘

Hinh 7. Thiét Idp dac tinh trong Ansys Maxwell
Thiét 1ap diéu kién bién trong bai toan, vector
tor thé trong diéu kién bién dat bang 0 do
khong ¢6 nguon tir bén ngoai (hinh 8).

Hinh 8. Thiét ldp diéu kién bién cho bdi todn
Thiét 1ap didu kién cho bd giai toan véi phan
tram sai s6 14 0,1 (hinh 9).

e ime s xos | el

“Hinh 9. Thiét ldp solution trong Ansys Maxwell

Két qua chia ludi cho bai toan (hinh 10).

T G e PO o

i

Hinh 10. Két qua chia lwdi trong bai todn
Két qué tinh toan vé sai s6 nang luong (hinh 11).

o=@ EET O Hvln lpaRn o ®i~usae] lo| . fpmm 31
P |5 Em BRBE

Hinh 11. Két qua nang heong trong bdi todn
4.1. Tinh todn mé phéng cho 2 céu hinh
nam chdm trong mdy phat dién

Céu hinh 1 duoc sip xép nhu trong Hinh 4a,
cAu hinh 2 dugc sip xép nhu trong Hinh 4b.
Trong cau hinh 1, cdu trac gdm 2 diy nam
cham phan cuc doc theo huéng thang dung
cach nhau 7 mm va Kich thuéc nam cham la:
dai 25 mm, rong 10 mm sip xép nhu trong
Hinh 4a. Cu hinh 2 khac v6i céu hinh 1 boi
sy hién dién cua cdc nam cham phan cuc
ngang lap diy khoang cach giita cac nam
cham phan cyc thiang xen k& trong cdu hinh 1
va dugc biéu dién nhu Hinh 4b. Cac nam
cham dai 7mm, réng 10 mm. Khodng cach
gitta hai nam cham la 16 mm.

Két qua md phong nhu Hinh 12 cho thiy mat
do tir thong tang khi cdu trac mang Halbach
dugc st dung. Pudng chdm mau xanh cho
thiy mat do tir thong tai duong trung tim cua
may phat dugc gioi thiéu trong du an VNU-
QG.14.01, va dudng mau d6 cho thdy mat do
tr thong cua may phat khi sir dung cau trac
mang Halbach kép. Gia tri toi da ciia mat do
tir thong tai trung tim c6 thé duoc cai thién
Khoang 10,8% do d6 hiéu suit dau ra co thé
tang dang ké.
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Caleulstor Expressions: Plot 2

B wlie BN

-

Hinh 12. Cuong dé tir truong ciia nam cham
trong 2 cau hinh

So v&i cau hinh cii, may phat dién st dung
chu triic diy Halbach kép cho thiy rd su vuot
trdi trong viéc tao ra mat d¢ tur thong B voi
gia tri tdi da 16n hon trude. Do do, cac khao
sat vé su thay ddi mat do tir thong, tr truong
B trong may phét dbi véi cac kich thudc khac
nhau ctia nam cham 14 cin thiét dé tim ra cac
ddc tinh va théng sb kich thude tdi uu cho
may phat dién.
4.2. Mé phéng phin bé mdt dp tiv thong
trong dién tich mdt cit ciia mdy phdt theo
cdu hinh Halbach
Hinh 13 mé ta phan bd tir trudong phuong
thing dung va Hinh 14 md ta phan b tir
truong phuong ngang ctia mot may phat tuyén
tinh hinh dng voi ddy Halbach kép. Cac tham s6
cdu triic ciia diy nam cham Halbach trong cac
tinh toan s6: Nam cham phan cuc phuong thang
dimg ¢ kich thudc chiéu dai 25 mm va chiéu
rong 10 mm, nam chdm phan cyc theo phuong
ngang co chidu dai 7 mm va chiéu rong 10 mm.
Trong md phong nay, nam cham dugc md
phong véi vat liéu NdFe35 véi Br=1,23.

°
Py -

Magnetic Flux Density
°

054"

Distance X Axis

Hinh 13. Phdn b tir truong theo phwong thing
dirng cua may phat tuyen tinh Halbach

Magnetic Flux Density
) o
o o @

N

100

Distance X Axis Y axis

Hinh 14. Phdn bo tir truong theo phwong ngang

cua may phat tuyén tinh Halbach

Trong méy phat dién, cudn cam rotor chuyén

dong ngang theo truc X, do d6 chi thanh phan

cua tur truong By c6 phuong vudng goc vadi

dich chuyén ctia cuon day tao ra tir thong bién

thién. Trong md phong, tir trudng thanh phan

By c6 thé dugc biéu dién nhu Hinh 13.

Hinh 15. Phdn bo tir truong theo phwong thang
ding tir dwong trung tam den mat nam cham cua
mady phat tuyén tinh Halbach
Nhu hinh v€ trén moé ta, mat d6 thong luong
tir co cau trac diéu hoa phu thude vao kich
thudc cuia cac nam cham. Gia tri cuc dai cua
mat do tir trudng & trung tm (cach déu 2 mat
nam cham) c6 gi4 tri nhé nhit va ting dan khi

dén gin mit nam cham.
Theo dinh luat Faraday, sut dién dong cam ung
sinh ra trong cudn day tinh bang cong thirc.
B dd g

dt
Trong d6 & 14 suat dién dong cam tmg, @ la
tir thong. Do d6, dé cai tién suat dién dong
cam ung, mit d6 thong lugng tu can duoc
tang lén.
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4.3. Khdo sdt sw phu thujc cuwong dp tir truong
cuee dai véi thong s6 kich thuée nam cham

V61 muc dich ting cuong mat do thong luong
tir, cac khao sat thong sb chiéu dai khac nhau
cua nam chim phan cyc doc truc cling nhu
nam cham phan cyc ngang duoc tién hanh.
Thyc hién khao sat gia tri cuc dai cia mat do
tir thong bang cach thay doi do dai ciia nam
cham phan cyc doc truc a (mm) tir 10 mm dén
40 mm, va su phu thudc cta né vao chiéu dai
cua nam cham phan cyc truc X b (mm) (M6
ta trong Hinh 5).

0.66

0.64 et
£t T
|- h -
0.62 e
T
0.6 + B max 1
o Fitti li
itting line

0.58 £ q
0.56 1+

B max (Tesla)

0.54
0.52
0.5

0.48

0.46 . : . : .
10 15 20 25 30 35 40
Length of ¥ axis polarized PMs a (mm)

Hinh 16. Biéu d6 sw phu thudc ciia mdt do tir
thong voi kich thuwdéc nam cham phdn cuc thang

Quan sat biéu do su phu thudc cua mat do tur
thong voi kich thudc nam cham phéan cuc doc
tang ta thdy khi kich thu6c nam cham ting thi
cuong do cuc dai cua tr truong tang nhanh va
tiém can t6i gia tri nguong khi chidu dai nam
cham phan cuc doc truc tién téi a = 32 mm.
Tiép theo, v&i @6 16n cia nam cham c6 do
phan cuc doc xac dinh a = 32 mm, ching t6i
tiép tuc nghién ciru sy thay d6i cia B max vai
su thay doi kich thudc caa nam cham phén
cuc ngang.

+ B max
Fitting line
0.665 [~

ettt

+ o+ R

. +
+++f++x—

B max (Tesla)
+

0.645 [~

0.635 c . . . c c
5 10 15 20 25 30 35 40
Length of X-axis polarized PMs b (mm)

Hinh 17. Biéu do sw phuy thugc cia mdt do te
thong voi kich thudc nam cham phdn cuc ngang

Nhin vao biéu do, chung ta chon gia tri ti wu
cua cuong do phan cuc ngang b =25 mm. Tur
két qua mo6 phéng trén, dé co duoc gia tri tu
thdng cuc dai khi kich thudc cia nam cham
phéan cuc doc truc Y 1a 32 mm va kich thudce
cua nam cham phan cuc ngang doc theo truc
X1a 25 mm.

Pbi v6i cac tham sd hinh hoc & trén, mang
Halbach giup tang cong suat dau ra cia may
phat khoang 15%.

5. Két luan

Pé khic phuc nhuge diém vé cong suat thap
clia may phat dién tuyén tinh trong bo bién
d6i nang luong song, ching toi di dé xuét
phuong 4n s dung diy Halbach kép nhim
tang cudng tir thong cho may phat dién tuyén
tinh 15i khong 15 sét.

Phan mém Ansys Maxell da dugc sir dung dé
mo phong tir truong trong may phat dién. Két
qua md phong cho ta hinh anh truc quan vé tir
truong ctia ddy nam cham Halbach kép trong
may phat dién tinh tién.

Pé cai thién hiéu qua ctia didy nam cham
Halbach, viéc phan tich tir truong dbi voi anh
huong ciia thong sd kich thudc nam cham da
dugc nghién cuu, két qua da dua ra mot cAu
hinh v6i cudong dd tu thong cuc dai tang 15%
so véi ciu hinh dang sir dung.

Két qua ctia nghién ctru nay s& dugc ap dung
dé phat trién bo chuyén dbi niang luong song
dang phao kép trong cac dé tai cia UET-VNU.
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