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TOM TAT

Bai bdo khdo sdt anh hwéng ciia cdc thong sé chinh dén qud trinh lam mat ciia phanh dong
dién xody cong sudt 50 kW sir dung trong bé thir dong co. Do phan 16m cong sudt co dige chuyén
hoa thanh nhiét trong rotor, viéc kiém sodt nhiét do la yéu ) quan trong dam bdo van hanh on dinh
va do bén hé thé'ng. Mo hinh nhiét don gian dwoc xay dung dua trén cac co ché truyén nhiét nhw
ddn nhiét va doi luu nham danh gid anh hudng ciia cong sudt phanh, toc dé quay... dén nhiét o
ciia ECB. Két qud cho thdy hé s6 doi lwu va céng sudt phanh la cdac yéu t6 dnh huéng quyét dinh

kha ndng tan nhiét. Két qua la co sé cho thiét ké va téi wu hé thong lam mat ECB.
T khéa: Phanh dong dién xody; Phén tich nhiét; Lam mdat; Truyén nhiét.
ABSTRACT

This paper investigates the influence of key parameters on the cooling process of a 50 kW
eddy current brake (ECB) used in an engine test bench. Since a large portion of the mechanical
power is converted into heat within the rotor, temperature control is a critical factor to ensure stable
operation and system durability. A simplified thermal model is developed based on heat transfer
mechanisms, including conduction and convection, to evaluate the effects of braking power and
rotational speed on the temperature of the ECB. The results indicate that the convective heat transfer
coefficient and braking power are the dominant factors affecting heat dissipation performance.

These findings provide a basis for the design and optimization of ECB cooling systems.

Keywords: Eddy Current Brake (ECB); Thermal Analysis;, Cooling Performance; Heat

Transfer. &
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1. PAT VAN BE NGHIEN CUU

Trong cac hé thong bé thir cong suit
dong co, phanh dong di¢n xoay (Eddy Current
Brake — ECB) dugc su dung rong rai nho kha
ning hip thu cong suat 16n, phan Gng nhanh
va khong c6 tiép xtic co khi. M6 hinh thiét bi
tao tai da nang str dung phanh dong dién xody
(ECB) duogc nghién ctru véi muc dich tao tai
gia lap 6 t6 di chuyén trén duong cho myc tiéu
dao tao, nghién ctru [1]. Tuy nhién, trong qua
trinh 1am viéc, gan nhu toan bd nang luong co
hoc dugc chuyén hoa thanh nhiét ning thong
qua ton hao dong dién xody trong rotor, dan
dén su gia tang nhi¢t d§ dang ké cua hé théng
[2], [3]. Nhi¢t dO cao khong chi l[am suy giam
hiéu suat phanh ma con anh huéng dén dic tinh
vat liéu, gay bao hoa tr, thay d6i do dan dién Va
lam glam tudi tho cua thiét bi [4]. Do d6, van
dé kiém soat nhiét va thiét ké hé thong lam mat
hiéu qua 1a mdt trong nhitng thach thirc quan
trong trong phat trién ECB cong suat trung binh
va lon.

Céc nghién ciru trude day da chi ra rang
qué trinh truyén nhiét trong ECB phu thudc vao
nhiéu yéu t6 nhu cong suat phanh, toc d6 quay,
ddc tinh vat liéu va diéu kién trao doi nhiét véi
moi trudng [5]. Trong d6, hé sb truyén nhiét d6i
lwu déng vai tro quan trong trong viéc quyét
dinh kha nang tan nhiét cta rotor, dac biét trong
céc hé thong lam mat bang khong khi hodc chat
long [6]. Bén canh d6, cac thong sb hinh hoc
nhu dién tich bé mat va chidu day rotor ciing
anh huong dang ké dén phan bd nhiét do va kha
nang tich nhiét ctia hé thong [7].

Xuat phat tir muc tiéu cy thé dé thiét ké
ché tao, bai bao nay hudng toi viéc xdy dung
mdt mo hinh nhiét don gian nhung c6 kha nang
phan anh céc dac tinh chinh cia qua trinh lam
mat trong ECB cong suat 50 kW. Muc tiéu
nghién ctru 1a khao sat dinh lugng anh hudng

ctia mot sd thong $6 quan trong dén nhiét do
lam viéc cta hé théng. Trén co so& do, xac dinh
cac yéu t6 chi phdi qua trinh truyén nhiét va dé
xuat cac dinh huéng thiét ké phu hop.

2. PHUONG PHAP NGHIEN CUU

V& phuong phap nghién ciru, bai bao sir
dung céch tiép can két hop giita mo hinh toan
hoc va phan tich sd. Trudc hét, mo hinh truyén
nhiét dugc xay dung dya tren phuong trinh dan
nhi¢t tong quat trong vat ran:
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Trén co so thiét ké cia ECB (hinh 2),
so dd truyén nhiét (hinh 1) ¢c6 mo hinh truyén
nhiét sau:
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Hinh 2. So' do truyén nhiét

Luong nhiét sinh ra tr Stator nhé, duogc
bao chung véi rotor nén coi lugng nhié¢t sinh ra
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tir rotor. Trao ddi nhiét birc xa duge xem xét khi
tinh todn tré nhiét khong khi. Cac phuong trinh
vi phan truyén nhiét nhu sau:

- Truyén nhiét tir Rotor khe hé khong

khi:
C d]-'rotor _ _ Trotor — Lair (2_2)
r d t = Xeddy
air
- Dan nhiét qua 40 nudc:
C deacket _ T'rotor 4 _ Tair 4 jacket (2_3)
Jjacket -
dt Rair R Jjacket
- Trao d0i nhiét doi luu véi nudc:
C dTwater — Tair - ijacket _ ijacket - Twater (2_4)

water dt R

Jjacket water

Trong do:

- Nhi¢t dung rotor: C_= mc, (2-5)

- Tré nhiét khe hé khong khi:

gap

Rair =
k. A

air “~gap

(2-6)
- Nhiét tr¢ ao nudc:

o,
_ Jjacket (2_7)

Jjacket k A
Jacket “~ jacket

- Nhiét tro dbi luu:

Rwater = 1
h.A

*“Twater

(2-8)

3. POI TUQNG NGHIEN CUU

Déi twong nghién ctru 1a ECB ¢6 cong
sut 1a 50kW dugc tinh toan thiét ké cho phanh
thur dong co. Trong dd, nhiét sinh ra tir rotor 1a
90%; nhiét tir cac ngudn khac 1a 10%. Gia thiét
nhiét phan bd déu trén rotor. Thong sb ky thuat
chinh duoc thé hién nhu trong bang 1.

Bdng 1. Cdc thong s6 ky thudt chinh ciia ECB

Théng s6 Tri s6 Théng s6 Tri s6
Cong suét cuc dai S50kW . . bo day 3mm
— Ao nudc . N
Ban kinh 200mm Vat liéu Nhom
Rotor bo day 15mm Nhiét do vao 30°C
Vit liéu Nhom Nudc lam mat | Nhiét d0 ra 60°C
Khe ho rotor va ao nudce 2mm Tbe do 0,8m/s

M0 hinh toan hoc cua qua trinh lam mat
dugc md phong bang MATLAB-SIMULINK
nham thuc hién khao sat tham sé (hinh 3).
Phuong phap nay cho phép thay dbi linh hoat
cac thong s6 dau vao va danh gia nhanh anh
hudng cia ching dén nhiét do hé théng. Cac
kich ban khao sat dugc xay dung vdi dai gia tri
phu hop thuc té, dam bao phan anh day du cac
ché d6 lam viéc ctia ECB.

Hinh 3. M6 hinh mé phéng trén phan mém
MATLAB-SIMULINK
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4. KET QUA VA THAO LUAN

4.1. X4c dinh thoi diém 6n dinh nhiét do cia
rotor & ché d xac dinh

O ché do nay, cong suat ECB 1a 50kW,
rotor quay & toc do 2700 vong/ phut. Nhiét do
ctia rotor 6n dinh sau 250 gidy ¢ nhiét d6 250°C
cho phép ECB lam viéc lau dai (hinh 4).

4.2. Anh hwéng ciia cong suat dén nhiét 36 ECB

Cong suat caa ECB dugc thay doi dang
bac 2-3-4-5kW, cac thong s6 khac khong doi.
Khi d6 nhiét d6 cua rotor xac lap & cac diém
tuong tng 1a 140-175-225-250°C. RO rang cong
sut anh hudng 16n dén nhiét do rotor, cong Sut
tang thi nhi¢t do rotor tang (hinh 5).

4.3. Anh hwéng ciia khe hé giira rotor va o
nwée dén nhiét d9 ECB

Tir két qua khao sat chimg minh khe ho
khong khi anh huong 16n dén qué trinh truyén
nhiét, khe ho tang thi nhiét d cta rotor ting.
Trong qué trinh thiét ké ché tao can giam khe ho
nay dé tang hiéu qua qua trinh lam mét (hinh 6).
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Hinh 5. Anh huong CS dén nhiét d6 ECB
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Hinh 6. Anh huong khe hé giita rotor va do miede
dén nhiét do ECB

4.4. Anh hwéng ciia toc dd quay dén nhiét
do ECB
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4 Hinh 7. Anh hieong toc do quay ciia rotor dén
nhiét do ECB
Hinh 4. Nhi¢t do ECB Trong khao sat nay, toc do cua rotor
duoc thay doi dang bac: 500-1000-1500-2500-
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3500-4500 vong/ phit, cac thong s6 khac khong
d6i. Két qua cho thdy nhiét do cua rotor thay
d6i twong ung: 620-390-300-220-180-160°C.
Diéu nay duoc giai thich: tc do rotor ting lam
tang chuyén dong rdi cua khong khi bao quanh
rotor va 4o nudc man tang hé s6 trao dbi nhiét
d6i luu dan dén nhiét do cua rotor giam (hinh
7). Trong qua trinh st dung can han ché thoi
gian 1am viéc & ving tc do thap.

5. KET LUAN

Bai bao di trinh bay két qua khao sat
anh hudéng ciia mot sb thong sé chinh dén qua
trinh 1am mat cia phanh dong di¢n xody cong
sudt 50 kW st dung trong bé thir dong co. Trén
co s md hinh truyén nhiét két hop voi phan
tich tham sd bing MATLAB-SIMULINK,
nghién ctru da danh gia dinh lugng vai tro cta
cac yéu td nhu cong sudt phanh, toc do quay,
khe h¢ gitra rotor va 4o nudc ddi v&i nhiét do
lam viéc cua hé théng.

Két qua cho thdy cong suit phanh va
hé s6 truyén nhiét ddi luu 14 hai thong sé co
anh hudéng manh nhét dén nhiét do rotor. Khi
cong suét ting, nhiét do ting nhanh va c6 thé
vuot qua giéi han cho phép néu khong c6 giai
phép lam mat phu hop. Trong khi do, viéc tang
hé s6 dbi luu thong qua téc do cua rotor giup
giam dang ké nhiét do va cai thién hiéu qua tan
nhi¢t. Ngoai ra, cac yéu t6 hinh hoc nhu dién
tich bé mit va chidu day khe hé rotor va 4o
nude cling dong vai trd quan trong trong viéc
lam mat, tir 6 anh huong dén d6 on dinh nhiét
ctia hé thong.

Nghién ctru ciing chi ra rang toc d6 quay
¢6 anh hudng hai chiéu, vira lam ting cong suat
nhiét, vira gop phan cai thién ddi luu, do d6 can
duogc xem xét dong thoi trong qua trinh thiét ké,
sir dung. Két qua xac dinh ECB cong suit 50
kW 1am mat gian tiép bang nudc véi cac thong

s0 da xac dinh trong mo hinh 1a phu hgp dam
bao lam viéc an toan va o6n dinh. +
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