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TOM TAT

Bai bdo phén tich anh hiong ciia dong dién kich tir va toc dé quay dén mé men va cong sudt
ciia phanh dong dién xody (ECB) 50 kW sir dung trong bé thir dong co. Mé hinh dién tir Iy thuyét
dua trén mé hinh Wouterse mé réng dwoc xdy dwng nham mé ta moi quan hé giita dong kich tir,
mdt dg tir théng va dong dién xody trong rotor, ¢é xét dén hiéu iing bé mdt ¢ toc do cao. Céc quan
hé dic trung dwoc khao sdat bang MATLAB. Két qua cho thdy trong viing chwa bdo hoa tir, mé men
phanh ty 1é véi binh phwong dong kich tir va tuyén tinh theo toc dé quay, trong khi cong sudt ting
theo binh phuong toc do. Két qua nghién ciru cung cdp co sé cho thiét ké so bo va dinh huwéng lua
chon ché dg van hanh t6i uu ciia ECB.

Tw khoa: Phanh dong dién xoay; Mo hinh dién tir; Mo men phanh; Bdo hoa tur.
ABSTRACT

This paper analyzes the effects of excitation current and rotational speed on the torque and
powerofa50kW eddy current brake (ECB) used in an engine test bench. A theoretical electromagnetic
model based on the extended Wouterse model is developed to describe the relationship among
excitation current, magnetic flux density, and induced eddy currents in the rotor, taking into account
the skin effect at high speeds. The characteristic relationships are investigated using MATLAB.
The results show that, in the unsaturated magnetic region, the braking torque is proportional to the
square of the excitation current and varies linearly with rotational speed, while the braking power
increases with the square of the speed. The findings provide a basis for preliminary design and for
determining optimal operating conditions of the ECB.

Keywords: Eddy current brake; Electromagnetic modeling; Braking torque; Magnetic
saturation.
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1. PAT VAN PE

Trong nghién ctru va phat trién dong
co dbt trong cling nhu hé truyén dong hién dai,
bé thir cong suét (engine dynamometer) dong
vai tro quan trong trong viéc danh gia dac tinh
1am viéc, hiéu suat va do tin cy ctia hé thong.
Trong s cac thiét bi hap thu cong suit, phanh
dong di¢n xody (Eddy Current Brake — ECB)
duogc su dung rong rai nho cic uu diém nhu
khong tiép xtic co khi, giam mai mon, kha ning
dap tng nhanh va van hanh 6n dinh trong dai
cong suat trung binh [3]. M6 hinh thiét bj tao tai
da nang st dung phanh dong dién xody (ECB)
duoc nghién ctiru véi muc dich tao tai gia 1ap 6
t6 di chuyén trén duong cho muyc tiéu dao tao,
nghién cuu [1].

Nguyén 1y hoat dong cia ECB dya trén
hién tugng cam ung dién tir dugec mo ta boi dinh
luat Faraday va lyc Lorentz. Khi rotor dan dién
quay trong tur truong do stator tao ra, tir thong
bién thién sinh ra dong dién xoay trong vat li¢u
rotor. Sy tuong tac gitra dong dién xody va tu
truong tao ra luc dién tr nguoc chiéu chuyén
dong, tir d6 sinh ra mé men phanh [2]. Pac tinh
nay cho phép ECB chuyén d6i truc tiép ning
luong co hoc thanh nhiét ning ma khong cin
tiép xtic co khi, pht hop véi cac hé thong thur
nghiém yéu ciu do bén va do chinh xac cao.

Nhiéu nghién cru da chi ra raing mo
men phanh cia ECB phu thudc manh vao cac
tham s van hanh va dic tinh vat liéu, bao gém
mat do tir thong, do dan dién cua rotor va toc
d6 quay [4]. Trong diéu kién lam viéc tuyén
tinh, m6 men phanh c6 thé dugc biéu dién gan
ding 1a ham bac hai ctia dong dién kich tir va
tuyén tinh theo toc do quay, trong khi cong suét
phanh ting theo binh phuong toc do [5]. Cac
quan h¢ nay dong vai trd quan trong trong viéc
dinh hudng thiét ké va liwa chon ché do 1am viéc
ctia hé thong.

Cac phuong phap nghién cuu ECB hién
nay chu yéu bao gom ba hudng tiép can. Thi
nhat 13 mé hinh giai tich, stir dung céc biéu thirc
toan hoc dé mé ta mdi quan hé gitra cac dai
lwong vat ly, phii hop cho giai doan thiét ké
so bo [6]. Thur hai 1a phuong phdp mo6 phong
s6, dic biét 1a phuong phap phan tir hitu han
(FEM), cho phép phan tich chi tiét phan bd tir
truong, dong dién xoay va ton hao ning lugng
trong hé théng [4] Thtr ba 1a cac nghién cuou
thyc nghiém nham kiém chung md hinh va
danh gia hiéu suét thuc té cua thiét bi [7].

Tuy nhién, cac phuong phap md phong
s0 va thuc nghiém thudng yéu cau thoi gian tinh
toan 16n va chi phi cao, dic biét trong giai doan
thiét ké ban dau. Do d6, bai bao nay tip trung
xay dung md hinh toan hoc c6 xét dén hiéu ting
bé mit nhdm 1am 1 anh hudng cua cac tham sd
van hanh. Péng gop chinh cua bai bdo gom:

Xay dyng mo6 hinh Wouterse mé rong
c0O xét dén hi¢u trng bé mat;

Phan tich dinh lugng anh huong cua
dong kich tur va toc d6 quay;

Xac dinh vung lam viéc tdi wu cuia ECB;

Két qua nghién ciru cung cip co so
khoa hoc cho viéc lya chon thong sb van hanh
va toi uu hoa thiét ké ECB trong cac tng dung
bé thir dong co.

2. PHUONG PHAP NGHIEN CUU
2.1. M6 hinh toan hoc

DPé mo ta chinh x4c mo-men phanh cta
phanh dong dién xoay trong diéu kién lam viéc
thuc té, md hinh Wouterse dugc mé rong dugc
stt dung nham xét dén anh huong cua cac yéu
t6 dén mo-men phanh ECB.
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Trong do:

-p: H¢ s6 hiéu chinh phan b tir truong;

- 6: Do dan dién cua rotor;

-t Cl}iéu day hiéu dung cua rotor;

- o: Toc do goc;

- Bq: Mat do tr thong hi¢u dung tai khe
hé khong khi;

- 2p: S6 cuc tir;

- A Dién tich tic dung cta mdi cuc
tu;

- Remi: Ban kinh hi€u dung tai cuc tur thir 1.

Pé phan anh chinh xac cac thong sd &
toc do cao (c6 skin effect), mo hinh dugc hi¢u
chinh:
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Trong do: o, 1a tbc do dic trung phu
thudc vat li¢u va chiéu day rotor.

Cong suét phanh duoc xac dinh: P=T.o.
2.2. Phuwong phap tinh toan

Mo hinh duoc trién khai trén MATLAB
dé khao sat tham sb. Ngoai ra, Kkét qua duoc
so sanh xu hudng véi cac cong bd trude nhim
kiém chitng tinh hop 1y.

3. POI TUQNG NGHIEN CUU

Déi tugng nghién ciru 14 ECB ¢6 cong
sut 1a 50kW duoc tinh toan thiét ké (hinh 1)
cho phanh thir dong co. Cac théng sb chinh
duoc thé hién & bang 1.

Bdng 1. Théng s6 chinh ECB 50 kW

Théng sb Tri s6 Théng s6 Tri s6
Cong suat cuc dai 50kW Téc do 500-6000 rpm
M6 men Dong kich thich 2-10 (A)
Ban kinh 200mm Dién tich 0.0009m?
Rotor Do day 15mm Cuc tir S6 lwong 8
Vit liéu Nhom Vit liéu Thép k¥ thuét

Phuong trinh toan hoc cia ECB dugc
trién khai bing MATLAB nham thuc hién khao
st cac thong s dau vao dé danh gia nhanh anh
huong ctia chung dén mé men va cong suit.

4. KET QUA VA THAO LUAN
4.1. Anh huwéng cia dong kich tir t6i méd
men, cong suat

[T Py D pe— © et e e g M b g 3 arada)

Hinh 1. Anh hirong ciia dong kich tir téi mé men,
cong sudt
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Két qua md phong (hinh 1) cho thdy mo
men tang gan béc hai theo dong kich tir. Trong
khoang diéu khién dong dién kich thich chua
xuét hién phi tuyén do bio hoa ti.

Cong suit ting nhanh hon so v6i mo
men do phu thudc dong thoi vao ca mé men va
tdc d6 quay. Xu hudng ting manh & ving dong
16n cho thay tai nhiét trén rotor sé& rat cao khi
van hanh ¢ cong suat 1on. Két qua nay khang
dinh réng trong thiét ké ECB, can dic biét cht
y dén gioi han dong kich tir nham tranh qua
nhiét, déng thoi dam bao hiéu qua lam mat phu
hop vé6i ché do lam viéc.

4.2. Anh huéng cia téc dd quay rotor (véi
dong kich tir khong doi 5 A)

T ————, LT ee—————————

Hinh 2. Moi quan hé cua toc do quay toi moé men,
cong sudt

M&i quan hé giira tbc d6 quay voi mo
men va cong suit cia phanh dong dién xody
thé hién dic trung phi tuyén ro rét (hlnh 2). Mo
men ting nhanh trong ving toc d6 thap va dat
gia tri cuc dai khoang 180-200 rad/s, sau do
giam dan khi toc do tiép tuc ting do anh huong
ctia hiéu tng bé mit (skin effect) lam giam do
tham nhap cua dong dién xody & toc do cao, tir
do6 lam suy gidm luc dién tur.

Cong suét ting lién tuc theo téc do
quay, mic du tbc do ting co6 xu hudng cham
dan & vung cao. Két qua cho thay ton tai ving
tdc do tdi wu dé dat mé men cuc dai, va tang h¢
s0 trao doi nhiét trong qua trinh 1am mat.

4.3. Phin tich két hop va vung tdi uvu

Hinh 3. Quan he ket hop gitta dong dién klch thzch
va toc dg véi cong sudat ECB

Két qua mo phong cho thdy mdi quan
hé két hop gitra dong dién kich thich va téc do
quay dén mo men va cong suit ctia phanh dong
dién xody mang tinh phi tuyén va phu thudc
dong thdi vao ca hai tham s6 (hinh 3). Khi toc
d6 tiép tuc ting, m6 men dat gié tri cyuc dai rdi
giam dan do anh hudng cua hiéu tng bé mit va
su suy giam d¢ tham nhép cua dong di¢n xoay.

DP6i voi cong sudt, do duge xac dinh
boi P = T, nén cong suit ting manh khi ca
dong kich tir va téc do cung ting. Trong ving
tdc d cao, mic di mé men c6 xu hudng giam,
nhung cong sut van tiép tuc ting do téc do
dong vai tro chi phéi. Két qua cho thiy su ton
tai cua vung lam viéc tdi uu, trong d6 m6 men
dat cuc dai tai ving tde do trong binh 1500 dén
2500vong/ phit, cong suat cuc dai ¢ toe do cao.
Két qua phut hop véi xu hudng trong cac nghién
clru trudce.

5. KET LUAN

Bai bao da trinh bay két qua nghién ctru
anh huong két hop ctuia dong dién kich thich va
téc 6 quay dén dic tinh mé men va cong suat
clia phanh dong dién xody cong suat 50 kW.
Trén co sé mo hinh toan hoc theo hudng tiép
can Wouterse m& rong va trién khai tinh toan
bang MATLAB, cic mdi quan hé dic trung
giita cac tham sd da dugc lam rd théng qua
phan tich va mé phong.
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Két qua cho thiy mo men phanh ting
theo binh phuong dong kich tir va ting theo tdc
d6 trong vung thép, va dat cuc dai va giam dan
khi tdc d6 ting cao do anh hudng cia hiéu ing
bé mit va gidi han tham nhap dong dién xody.
Nguoc lai, cong sut phanh ting manh theo toc
d6 quay va dong kich tir, do phu thudc dong
thdi vao mo men va tde do, trong do tbe do
dong vai tro chi phdi & ving cao. Diéu nay din
dén sy ton tai cua vung lam viéc tbi wu, trong
d6é m6 men dat gia tri 16n nhat tai mot tbe do
xac dinh, trong khi cong suét tiép tuc ting ¢ dai
tde do cao.

Céc két qua nghién ctru cho phép lya
chon ddng thdi dong kich tir va toe do quay
trong thiét ké va van hanh ECB nham dat hiéu
qua toi wu. Pong thoi, sy gia ting cong suat
& toc do cao ciing dit ra yéu cau nghiém ngit
d6i v6i hé thong lam mat. Nghién ctru 1a co so
cho céc bude phat trién tiép theo nhu mo phong
phan tir hitu han va thuc nghiém kiém chimg
nham hoan thién thiét ké ECB trong tng dung
thuc té.
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