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Tom tit

Bai bdo trinh bay két qud mé phong tir triong va
tinh todn mémen phanh ciia phanh sir dung dau tir
trwong (MRF). Mgt mé hinh phanh sir dung dau
tir truong da duege thiét ké, mé phong va tinh todn
lirc phanh tao ra. M6 hinh phanh gom: Hai rotor,
mét stator véi sdu cudn ddy qudn trén va hai lép
ddu nam giita rotor va stato. Tir mé hinh 3D thi
xdy dung mé hinh phan tir hitu han va gidi bai
toan tir twrong trong moi truong 3D - tir truong ciia
phdn mém FLUX. Tir nhitng két qua cuong do tiv
trieong, mat do tir thong sé tinh toan mémen phanh
dya trén cong thire Bingham ciia dau tiv triong.
Téng két, nghién ciru ndy dia mé phong tir truong
ciia phanh va tinh todn mémen phanh doi nhiing
logi dau tir truong khdc nhau.

T khoa: Ddu ti trieong (MRF), phanh tir trieong
(MRB), FLUX.

Abstract

The paper presents the results of magnetic field
and braking torque using Magnetorheological
Fluid (MRF). A Magnetorheological Brake
(MRB) was designed, simulated and calculated
the generated braking torque. The MR brake
model consists of: two rotors, a stator with six
upper winding and two MRF layers between the
rotors and stator. From the 3D model, a 3D finite
element electromagnetic model of MRB was built
and simulated by FLUX software. From the results
of the magnetic field strength, the magnetic flux
density will calculate the braking torque based on
the Bingham Rheological model of MRF
Summary, this study simulated the magnetic field
of the MR Brake and calculated the braking
torque for different MRFs.

Keywords: Magnetorheological Fluid (MRF),
magnetorheological Brake (MRB), FLUX.

1. Téng quan nghién ciu

Dau tir trudng (MRF) dugc phat hién va nghién
ctru dau tién boi Jacob Rabinow tai Cuc Tiéu chuén
Qudc gia Hoa Ky vao cudi nhitng nam 1940 [1]. Theo
nhidu nghién ctru va tai liéu, dau tir truong (MRF) 1a
mot loai vat liéu thdng minh c6 trang théi pha c6 thé
thay dbi nhanh chéng va thuan nghich tir chat long c6
d6 nhét thap sang chat ban ran trong mot tir trudng co
kiém soat. Thong thuong, chat long MR bao gom cac
hat sat tir hogc thuan tir mém (0,03 ~ 10 um) phan tan
trong chét long. Hién nay, cang c6 nhiéu nghién ciu
vé MRF va tng dung cta dau. C6 nhiéu ung dung
MREF nhu: giam chan, ly hop, gia d&, ro bét, xdc giac
va phanh. Vi dy, Liu va céng su da nghién ctru “Phan
tich va md phong rung dong cia may cng cu dya trén
giam chan tir trudng” [2]. Jing va Shubua da dua ra
“Phan tich mémen phanh cua phanh dau tir truong
dang dia” [3]. Ngoai ra con ¢ nhidu nghién ciu khéac
vé dau tir truong (MRF).
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Hinh 1. Phanh sir dung déu tiv truwong 1 16p déu

Trong mot thiét ké khac, phanh st dung dau tir
trudng voi nhidu cuc dién tir da duoc sir dung thay cho
thiét ké phanh mét cuc thong thuong. Mac du phanh
mot cuc ¢6 cau tao don gian va dé ché tao nhung hiéu
qua phanh cua n6 khdng cao. Hinh 1 thé hién phanh
sir dung dau tir trudng voi 1 16p dau va 6 cuc tir cach
déu nhau.
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Khi chat long MR duoc sir dung nhu mot co cau
chip hanh c6 thé diéu khién duoc trong céc thiét bi
g dung, g xr cua chat long dugc phan loai thanh
bén ché do khac nhau: Ché do chay, ché do ép, ché do
kep va ché d6 cat. Trong ché d¢ cat, thong thuong
ngudi ta cho rang mot trong hai b phan kich hoat tir
truong c6 thé tu do dich hoidc xoay so véi b phan kia.
Trong nghién ciru nay, dau tir truong dwoc sir dung &
ché do cat cho phanh MR.

Phan dich chuyén

Huwéng tir trvong

Phén cé dinh

Hinh 2. Ung dung ciit trong déu tir treong

2. Thiét ké phanh tir trwdng nhiéu cuc va sir
dung hai 16p dau tir truong

Dé tao ra mot tir truong dé diéu khién mémen xoan,
sdu cudn day dugc dit trén sdu cuc stator cua phanh.
Dau tir truong (MRF) bao gdm hai 16p, mét 16p nam
gitra rotor bén trong va stator va lép kia nim gitra
vong phén cach hinh tru va rotor bén ngoai. Dudi day
1a md hinh thiét ké 3D ctia phanh st dung dau tur
truong da cyc va hai 16p dau tir truong trén phan mém
thiét ké 3D NX.

ga it
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Hinh 3. Thiét ké mé hinh 3D phanh sir dung déu tiv

trwong trén phan mém NX

Vi véy, né duoc goi 1a phanh nhiéu cyc, muc dich
chinh 1 cai thién mémen xoin ciia phanh. Bén canh
do, vong ngén cach hinh tru ngan chan su ro ri dau tir
trudong co thé chay vao bén trong cudn day. Nhiing
thong s6 co ban ciia mot phanh sir dung dau tir tudng
v6i sau cuc va hai 16p dau da dua ra trong Bang 1.
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Bing 1. Théng sé co bin ciia thiét ké phanh

Thong sb thiét ké Gia tri (mm)

Ban kinh rotor trong 22
Bé day 16p dau tir truong bén trong 0,5
Ban kinh stator 43,5
Bé day 16p dau tir treong bén ngoai 0,5
Ban kinh rotor ngoai 50
b6 day cuc 15
Khe hé lap thanh chit T 5
Chiéu dai phanh 75

Khéng khi

Phanh str dung
dau tir treong

Hinh 5. Mé hinh chia lwoi moi trwong xung quanh
3. Xdy dung bai toan va phuong phap tinh
momen phanh

Tir mau thiét ké 3D trén phan mém NX, mé hinh
dugc dua vao moi trudng 3D - tir trudng cia phan
mém FLUX dé thiét 1ap bai toan.

Str dung Meshgems ciia Voronoi-Delaury dé chia
Iudi mo hinh, ludi dugc st dung ¢ day la ludi tetra.
Mot tir dién déu ¢ 4 dinh, 6 canh va duoc gidi han
baoi 4 mat giac.
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Bing 2. Théng soé luéi ciia mé hinh

Théng s6 S6 lwong phan tir

Nodes 390.083

Phan tir dudng 55.069

Phan tir mt phing 499.588

Phén tir thé tich 2.224.810
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Hinh 6. Puong cong B-H ciia vt li¢u thép 1018
3.1. Vit ligu

Thép tur tinh 1018:

Theo tham khéo cting véi xem xét chi phi vat liéu va
kha ning gia cong, thép 1018 s& duoc luya chon dé gia
cong cho phanh str dung dau tir trudong. Loai thép nay hd
tro 1am ting cuong do tir truong cho 16p dau phanh.

Hon thé nita, thép nay c6 dic tinh thong dung khac
nhu 1a: nhiét va dic tinh ciu tao. Thép nay s& duoc s
dung dé gia cong nhirng chi tiét: Rotor trong va ngoai,
stator.

Bén canh d6 6 thanh nhom chir T da duoc l'flp dat
ngan cach gitta 2 cudn ddy canh nhau. Hién tugng nay
anh huéng dén tir truong phanh. Vi nhom 1a vat lidu
¢6 tinh chét cach tir, gia thanh hop 1y cung véi do thi
nhom 14 vat liéu c6 san trén thi truong.

Dau tir trieong:

Dau tir truong cua hiang Lord duoc chia lam 3
nhém chinh: Ung suat chay thap, trung binh va cao.

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Mot trong nhitng thong s6 quan trong ctia diu tir
truong trong ing dung cit nay la ing suat chay theo
tir trudng cdp vao. Ty thudc vao timg ung dung va
muc dich yéu ciu phanh, nhitng thong s nhu: d6 nhét
dau khi khong co tir truong, (g suat chay, dic tinh tir
truong, 0 dan nhiét va hé s gidn né nhiét. Trong
Béng 3 dua ra nhing thong sé quan trong ctia 4 loai
dau khac nhau (MRF-122EG, MRF-126LF: Ung suat
chay thap; MRF-132DG: Ung suat chay trung binh va
MRF-140BC: Ung suét chay cao) [5]. Véi nhiing két
c4u va tmg dung khéc nhau thi sir dung nhiing loai dau
tir truong khac nhau. D4i voi phanh sir dung dau tir
truong thi thong sb ing suit chay anh hudng tryc tiép
dén moémen phanh.

3.2. Tinh toan mdmen phanh

Trong nghién ctru nay, c6 4 loai dau (MRF-
122EG; MRF-122LF; MRF-132DG and MRF-
140BC) duoc sir dung dé dua vao md phong va tinh
toan. Ung xir ciia dau tir trudng dwoc thé hién trong
ung dung md hinh tng xir cia Bingham [6]. Cong
thirc Bingham 1a cong thirc don gian dé mé ta ung xur
ctia dau tir truong. Ung dung trong truong hop tmg
suét cat:

T=T Ny (1

Trong d6: T la tng suat ct tong, t, 1a (g suét chay
theo tur truong dat vao va phu thude vao cuong do tu
truong Hwr trong chét long, n 1 d6 nhét cua dau tir
truong khi khong c6 tir truong tac dung va vy 1a toe do
cét cia phanh sir dung dau tir truong & ché do céat. Dé
don gian héa viéc phan tich mémen xoan, cac dic tinh
g suét cat trong 16p dau tir truong duoc tao ra,
moémen phanh cé thé duoc tinh toan bang tir thong di
qua lép dau tir truong theo phuong vudng goc. Khi
mot dong dién dau vao bén ngoai duge dit vao cac
cuon day, tir théng xuat hién. Trong phanh sir dung
dau tir truong duge dé xuat nady, mdmen xoin phanh
(Tmr) duoc tao ra bai mot 16p dau tir truong co thé
duoc xac dinh nhu sau:

Bing 3. Pic tinh ciia mét s6 logi dau tir truwong trén thi truong [5]

Pic tinh dau MRF-122EG MRF-126LF MRF-132DG MRF-140BC
Hat mang theo Hydrocacbon Hydrocacbon Hydrocacbon Hydrocacbon
Khéi lwong riéng (g.cm™3) 2,28 + 2,48 2,64+ 2,84 2,95+ 3,15 3,75+ 3,95
Ung suét chay & 100 kA.m® (kPa) 22 30 30 29
Ung suét chay ¢ 200 kA.m™! (kPa) 32 39 44 50
D6 nhét (mPa) 0,042 + 0,020 0,070 £ 0,020 0,112 0,02 0,1140 + 0,040
Nhiét d6 hoat dong (°C) -40 + 130 -40 + 130 -40 + 130 -40 + 130
Do dan nhiét (W.m1.°C?) 0,21+0,81 - 0,25+ 1,06 -
Hé sb gidn nd nhiét 0+50°C 6,5 x 10 - 5,5 x 10 -
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Tvr = Rig fAMR Td Ay (2)

2wz

TmrR= Rig fAMR T, dAyg + Ryr (3)

Trong d6: Awr 1a viing chét long tir truong hoat
dong. Rur 12 ban kinh 16p dau tir truong. z 12 chiéu dai
cua phanh xét, w 1a téc do quay cua phanh va g la
bé day khe h¢ cha dau tir truong. Tong moémen
phanh ciia phanh MR (Ti) ¢6 thé dugc tinh bang tong
momen xoin phanh (Tyugr) VA mémen ma sat sinh ra tir
céc bo phan lam kin va chiu lyc trong phanh MR (Tx):

(4)
Vi cdu tao phanh st dung dau tir trudng gdm cb
hai 16p dau: Lép dau trong va 16p dau ngoai nén tong

momen phanh bang tong moémen phanh ctia 16p trong
va 16p ngoai:

Tot=Twmr + Tt

Toe= (Rygi + Ritro) fOZ fozn‘rydﬁdz +

2mN Wz
g

(Riri + Ritro) *+ Tir ®)

Trong d6: Te 12 tong moémen phanh cua phanh MR,
Twmri VA Turo 12 mOmen phanh cua dau tir truong bén
trong va bén ngoai, T la mémen ma sat sinh ra tir cac
b6 phan lam kin va chiu luc trong phanh. Ryri, Amri 12
ban kinh va viing 1am viéc cua I6p chit long tir truong
bén trong. Rmro, Amro 12 ban kinh va vung lam viéc
cua I6p chat long MR bén ngoai.
4. M6 phong va phan tich

Trong bai bdo nay s& dwa két qua cua ving tir
truong tap trung, phan b tir thong va mémen phanh
& céc loai dau khac nhau da liét ké trong Bang 3. Dong
dién cip vao cudn day tir 0A dén 3A v6i bude nhay la
0,5A mdi 1an. Phan mém FLUX la mét trong nhitng
phan mém dugc st dung cho van dé tir tinh ¢ nhiéu
khia canh: 2D, Skew, 3D va PEEC. Dua trén ciu tric
cua phanh nhiéu cuon day hai 16p dau tir trudng, nén
ap dung diéu kién bién cho md hinh. Sau khi md
phong tir truong bang phan mém FLUX, céc két qua
duogc phan tich: cuong do tur truong, mat do tir thong
va mémen phanh.
4.1. Cwong dj tir truong

Cuodng d tir truong 1a mot trong nhitng thdng sb
quan trong dé chuyén ddi wng suét chay, tir d6 c6 thé
tinh toan mémen phanh theo cdng thic (5). Hinh 7
cho thdy cuong do tir tinh dic biét cua tat ca cac bo
phan phanh MR: Stator, rotor, thanh nhém hinh chix T,
16p cach stator va rotor va 2 16p chat long MR. Cuong
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d6 tur trudng cuc dai dat 116,3kA.m™ tai dong dién 3A.

Puong stic tir & 2 cudn day gan nhau: Tir trong
cudn day 1 di vudng goc voi dau tir truong, ra rotor
ngoai va quay lai di vao cudn day 2 bén canh theo
chiéu di nguoc lai. Tao thanh 1 vong khép kin tir thong.

Véi thiét ké phanh dau tir truong da cuc tir ¢6
cuong do tir truong 1on hon ma con vé dién tich tiép
xUc va tao ra momen phanh hiéu qua hon.

Hinh 8. Phiin bé tir trwong trén 16p diu tiv trwong

Hinh 8 thé hién ving phan bd tir trudng trén 16p
dau ctia phanh str dung dau tir truong & ca 16p trong
va 16p ngoai. T trudong dugc chia lam 3 vung chinh
la: Vung tir truong 1on, vang tir truong trung binh va
ving tir trudng thap. Phan bd khong déu theo chiéu
doc ciia mdt cudn day, cuong do tu trudong 1on nhét
tap trung & ddu dinh cudn day thi & ddy cuong do duoc
bd sung & ca hai phia ctia cudn day (theo chidu doc va
chiéu ngang). Tiép theo do6 s& giam dan vé phia giita
cudn day, duoc thé hién mau xanh nhat. Vi tri & trén
dinh va chan thanh nhém chit T thi c6 cudng do nho
1a vi nhom 1a vat lidu dan tir thip va cung voi dé
duong suc tur tai day it tap trung.
4.2. Mdémen phanh

Momen phanh cua co cdu phanh nay phy thudc
vao rat nhidu yéu té nhu 1a: két ciu phanh, cac thiét b
lap rap kém theo va dong dién cudn day. Mot trong
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nhitng yéu t6 quan trong khac nita d6 1a loai dau tir
truong dugc st dung trong phanh nay. Trong bai toan
thi s& tinh toan cho 4 loai dau tir trudng sau: MREF-
122EG, MRF-126LF, MRF-132DG va MRF-140BC.

Hinh 9 thé hién mémen phanh khi thay ddi dong
dién cép vao cua 4 loai dau tir truong khac nhau.
Trong céac loai dau noi trén thi dau MRF-132DG s&
tao ra mémen phanh tét nhanh khi & dong dién 3A vao
khoang 7,56N.m. Va dau sinh ra momen thap nhét la
MRF-122EG 1a 5,07N.m. D6i véi ddu MRF-126LF
thi tai cac thoi diém dong dién tir 0,75A dén 2,5A déu
sinh ra moémen 16n hon céc loai dau con lai nhung khi
tang dong thi momen lai tdng cham.

8

A\

MRF-122EG -
MRF-132D0G -=

0 05 1 1.5 2 25 3 35

Hinh 9. Mdmen phanh khi thay déi dong di¢n theo
tirng logi dau tiv truong (MRF-122EG, MRF-126LF,
MRF-132DG va MRF-140BC)

5. Két luan

Ung dung cua dau tir truong dang 1a van dé dugc
rt nhiéu nha khoa hoc quan tim va nghién ctru. Trong
bai bao nay da dua ra mot két ciu phanh c6 6 cuc tir
va st dung 2 16p dau tir trudng. Bai bao nay dat dugc
nhiing két qua sau day:

« Xay dyng mé hinh 3D co cu phanh sir dung dau
tir truong trén phan mém thiét ké NX;

« Pua ra két qua: TUr truong, mat do tir thong va
momen. Tinh todn mémen phanh duogc tinh toan cho
4 loai dau tir trudng khac nhau.
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