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TOM TAT
Bai bao nay dé cap t6i van dé téi wu hoa thiét ké ciing nhu phan tich tir cua thiét bi
phanh dau tir truong (phanh MR) da cuc tir méi sir dung nhiéu 16p dau tir treong (dau MR).
Phanh MR 12 mét loai thiét bi phanh sir dung vt liéu thdng minh 1a dau MR c6 thé cung cap
md men can vai do tré thap va cd thé diéu khién dugc mot cach dé dang va nhanh chéng. Bé
taing m6 men phanh ma khong can ting thé tich qua nhiéu, mot thiét bi phanh MR da cuc tir
véi nhiéu 16p dau MR duoc thiét ké va danh gia trong nghién ciru ndy. Md men phanh cuc dai
ctiia phanh MR phu thudc rat nhiéu vao do 1on cua cuong do tir truong di qua cac 10p dau MR
theo phuong phap tuyén. Bén canh do6, kich thudc hinh hoc cia cic co ciu trong thiét bi
phanh MR ciing anh huéng khong nhé téi mé men phanh. Do d6, dé hoan thién thiét ké cac
thong s6 trén duoc dua vao 1am bién chay trong chuong trinh t6 wu hoéa véi muc tiéu 1a mo
men phanh I6n nhat. Bé so sanh céc thiét bi phanh khac nhau khong ciing loai ciing nhu ciing
kich thuéc thi hé s ti 1¢ gitta mé men phanh cuc dai va thé tich (TVR) la kha phi hop. Két
qua mo phong cho thdy méd men phanh cuc dai ting dang ké so voi céc thiét bi phanh da thiét
ké. Thém nira, hé s6 TVR cua thiét bi phanh méi ciing vuot trdi hon so véi cac thiét bi phanh
MR truéc.
Tir khéa: Phanh dadu tir truong, Dau tir trieong, Phanh da cuc tur nhiéu lop.
ABSTRACT

This paper presents the optimization design and magnetic analysis of a new multi-pole
magneto-rheological brake (MR brake) with multiple fluid layers. MR brake is a device using
the MR fluid, a kind of smart material, to provide fast and controllable resistant torque. The
maximum torque of MR brake depends upon the magnetic field strength perpendicular with
MREF layer. Besides, the dimensions of parts structured MR brake also affect braking torque
majorly. Consequently, to complete the structure design of multipole MR brake the mentioned
factors were set as subject of optimal function with the objective of maximum braking torque.
In comparison between different kind and size of MR brake devices fairly, the torque-to-
volume ratio (TVR) is used. The simulation results showed that the braking torque of the new
design of proposed multipole multilayer MR brake was increased significantly. Moreover, the
TVR is also higher than the previous design of MR brakes.

Keywords: Magnetorheological Brake, Magnetorheological Fluid, Multipole Multilayer
Brake.

1. TONG QUAN NGHIEN CUU

DAu tir trurong MR 1a mét loai vat liéu thdng minh vai su thay d6i d6 16n tng suét trong
tir khdng dén cuc dai chi trong vong vai phan nghin gidy [1] dudi su tic dong caa tir trudng
bén ngoai. Bén canh d6, phanh dau tir trudng 1a mot trong nhitng thiét bi dang duoc nghién
ctru va tng dung rong rdi nhit trong cac linh vuc nhu xe hoi, ré bdt ¢dng nghiép ciing nhu
trang thiét bi y té [2-5].
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R4t nhiéu loai phanh dau MR da duoc nghién ciu ché tao va tng dung thanh cong trong
thap ky vira qua. Nhirng loai phanh cii thudng cé chi 6 mé men dau ra cuc dai nho va kich
thudc ciing nhu khéi lugng I6n. Dé cai thién cac dic tinh do, co cau phanh tir véi da cuc tir da
duoc nghién ctu va ché tao thir nghiém. Y tuéng ban dau vé loai phanh nay do nhém nghién
ctru cua dng Shiao [6] voi 10 cuc tir va dat dugc md men xoan chi khoang 0,4 N. Sau do,
nhdm nghién ctu tiép tuc cai thién cac dic tinh cua thiét bi phanh nay vai sau cuc tir va mot
I6p dau [7]. Két qua dat duoc 1a kha quan hon véi md men xoan cuc dai 1a 19,9 Nm va ti s6
mo men trén thé tich (TVR) dat dugc 1a 13,1 Nm/dm®. M&i nhit, nhém nghién ciru da tiép tuc
cai thién thiét ké vai hai 16p dau tir trudng va sau cuc tir. Két qua dat duoc rat kha quan voi
m6 men cyc dai dat 27,5 Nm va ti sé TVR dat 25,8 Nm/dm?® [8].

Do d6, dé nang cao hon nita dic tinh 1am viéc cua co ciu phanh dau tir truong dic biét
nay, nghién ciru nay tap trung vao viéc nang cao hon nita md men manh ra cuc dai bang cach
tang s6 16p dau MR lam viéc 1én ba I6p. Bé thuan tién, nhém nghién cau gitt nguyén sé cuc
tir 13 sdu va thay ddi s6 1op dau lam viéc 1én ba nhu trong hinh v& sé 1. Trong hinh v& nay,
duong mau tring biéu thi phuong ciia dudng sic tir di vao va ra & mdi cyc. Luu ¥ rang chiéu
ctia dong dién trong mdi cudn day ké tiép 1a nguoc nhau dé tao ra cac cuc tir bac nam N-S xen
k& nhau.

Hinh 1. So' d6 nguyén Iy 1am viéc ciia co cdu phanh dau da cuec tir véi ba 16p dau

Trong nghién ctru nay, dau tién thiét ké co khi dugc dé xuat sao cho thuan tién nhat
trong viéc ché tao, lap rap ciing nhu tan dung duoc t6i da luc ma st sinh ra giira cac 1op dau.
Sau do, thiét ké ban dau do dwoc dua vao mo hinh dé tién hanh mé phong tir. Cudi cung,
chuong trinh t6i wu héa duoc sir dung véi ham muc tiéu 13 téi da mdé men phanh sinh ra voi
ham rang budc 1a kich thudc bao cua co cau phanh. Nhu vy, qua trinh thiét ké duoc hoan
thién voi két qua dat dugc 14 md men phanh sinh ra dat gié tri t6i da trong giGi han cua kich
thudc. Do d6 s& 1am tang ti s6 m6 men riéng cua co cdu phanh mai thiét ké va sin sang cho
quéa trinh gia cong, lap rap va thir nghiém thuc té. Gop phan rat 16n trong viéc dap tng nhu
cau thiét ké, ché tao cic co cau gay tai trong cac hé théng co khi trong tuong lai.
2. THIET KE CO CAU PHANH DAU BA CUC TU LOAI MO

Co cau phanh MR loai méi ¢6 séu coc nam cham dién va ba 16p dau tir trudng dugc dat
giira stator va cac vong ro to dé tao ra mé men phanh Ién hon. Trong thiét ké nay, stator va
cac cuc tir dugce dat bén ngoai va ro to duge dit trong. M6 hinh mé phong 3D dugc thiét ké
véi kich thudc céc chi tiét co thé thay d6i duoce dé phuc vu cho chuong trinh t6i wu héa nhu
trong hinh v& s 2.
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Hinh 2. M6 hinh 3D co cdu phanh ddu da cuec tir

Dé dat duoc md men phanh 16n, loai dau tir truong MRF-140CG véi tng suat chay déo
I6n [9]. Co cau phanh méi dé xuat nay thuoc dang co cau phanh tang trong do ¢6 mé men
sinh ra do mét 16p dau tir trudng dugc tinh theo cong thie [7]:
Tvr = RI\Z/IR L\N tdA, (1)

Trong d6, Ryg 12 ban kinh trung binh cua 16p dau. Theo md hinh Iy thuyét dan hoi cua
Bingham, ung suat trong cia I16p dau tir truong, 7, dwoc tinh theo cong thic sau [10]:
sign(duj du @
T=7 — |+n—
Y dy dy
Trong do, 7 1a ang suat chay déo; du/dy la ti s6 dong chay twong dbi va 7 1a do nhét
dong hoc cua dau trong truong hop chua chiu tac dung cua tir truong ngoai.
Véi khe chira dau c6 kich thudce trong d6i nho (g), tong tng suat cat sinh ra bén trong 16p dau
dugc tinh theo cong thuc:
Rur@
g
Trong d6 w 12 van tdc goc cua rd to trong co cau phanh.
Thé phuong trinh (3) vao (1), vé6i z 1a chiéu cao cua Iép dau tir trudng, md men phanh
sinh ra dugc tinh theo phuong trinh:

(3)

T=7,+7]

2rxnw

Twr = Rug L\” 7, dA, + 9 2Ry (4)

Thanh phan dau tién cua vé phai phuong trinh (4) dugc goi 13 mé men phanh trong

truong hop kich hoat dong tir truong véi do 16n phu thudc vao sac manh tir truong Hyr.

Thanh phan thi hai duoc goi 1a mé men khdng phu thudc vao do 1on tir truong ma chi phu
thudc vao van toc goc ciing nhu d6 nhot cua dau.

Pé tinh todn md men phanh tong cong sinh ra cho ca ba Iép dau, md men cua ting 16p,

16p trong (Twgri), 16p gitta (Twmrm) Va 16p ngodi (Turo), duoc tinh todn va cong téng lai nhu sau:

2 2 2
TMRB = Tvri + Tvrm * Tmro * Tir = Ruri J.,\M 7, dA,; + Ryrm L\Nm 7, dA,, + Ryro J.,\W 7, dA,, +
(5)

2xnw

g

3 3 3
z ( Ruri + Rurm + Ruro ) + T



Bai bién tap gui phan bién, ngay 16/01/2017 CKDL 11-38
Trong d6, Ryri, Awi Rvrm, Awm; V& Ruro, Awo lan Iuot 12 ban kinh, tiét dién 1am viéc cua
I6p dau bén trong, giira va 16p ngoai cia co cau phanh nay.
3. MO PHONG TU VA TOI UU HOA THIET KE
Truéc tién, md hinh mé phong dugc thiét 1ap va chay méo phong tir truong dé lay két
qua ban dau phuc vu cho viéc phan tich. Mat d6 dién truong dugc cho trén hinh vé 3. Luc
dién trudng cung cap cho mé hinh 1a 200 vong-Ampe va chiéu cia dong dién dugc cap khong
gidng nhau & hai coc nam cham dién lién ké nhu trong Hinh 1. Két qua cua mat do dién
treong ¢ dang véc to dugc cho trong hinh 3 ing véi cac duong sac tur tao thanh cac vong kin
va di vudng goc voi cac 1op dau. Mau do ung véi mat do dién trudng cuc dai véi gia tri vao
khoang 232 KA/m.
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Hinh 3. Mdt dé dién truwong ciia co cau phanh dau tir trieong
Hinh v& 4 thé hién két qua md phong caa co cau phanh dau duéi dang do 16n cia mat
d6 dién truong B vai gia tri cuc dai la 2,13 tesla. Khu vue mau d6 1a khu ma do 16n mat do
dién truong dat cuc dai cling chinh la khe ho gitra cAc ma cuc.

L i
Hinh 4. Cwong dé tir trwong ciia co cau phanh dau tir trieong
Pé dat duoc md men phanh téi wu trong giéi han cua kich thudc cua co ciu phanh,
chuong trinh t6i wu héa phi tuyén lién tuc (sequential nonlinear programing, SNLP) dugc st
dung. V6i ham muc tiéu 1a mé men téng cong trong khi cac ham rang budc 1a cac kich thude
hinh hoc chinh cua céc chi tiét trong co cdu phanh nhu chiéu dai va rong cua cac cuc tir; khe
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h gitra cAC Ma cuc; cling nhu cac bé day caa cac chi tiét. Cang nhiéu kich thudc rang budc
duoc sir dung thi két qua tra ra caa ham t6i wu cang chinh xé4c véi thuc té. Do d6, trong
nghién ciru ndy tdm thong sé rang budc duoc sir dung dé dua vao chwong trinh tdi wu véi muc
tiéu dat duoc md men phanh cao nhat c6 thé. Két qua sau qué trinh t6i wu hoa dugc cho trong
hinh v& s6 5 véi md men phanh cuc dai 1a 31,04 Nm dat duoc ¢ budc tinh thi 31.

Véi tdm bién s trong ham t6i vu voi muc tiéu md men phanh sinh ra cuc dai, md men
phanh sinh ra tdi da duoc cho trong bang 1. Cac gi4 tri t6i wu cua cac bién sé s& dugc lam tron
va diéu chinh mot chat dé phi hop véi qua trinh gia cong va lap rép vé sau nay.

Bang 1. Cac bién sé cia ham toi wu

Théng sb thiét ké (mm) Gi4 tri t6i wu
Mo men phanh cuc dai 31,04

Chiéu dai cuc tir 14,87

Chiéu rong cuc tir 14,93

Khe hé gitra cac mé cuc 6,44

b0 day ro to 6,97

Do day r6 to 16p gitra 1,00

Do day ma cuc 2,66

Do day stator 16p trong 5,23

Do day stator 16p gitta 1,48
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Hinh 5. Két qua cia qua trinh tinh toan téi wu héa
4. PHAN TICH VA PANH GIA KET QUA

Theo ly thuyét, néu dudng stc tir chay toan b tir mot cuc tir ndy sang cuc tir bén canh
di qua tat ca cac 16p dau tir trudng thi cudng do tir trudng chay qua cac 16p dau s& bang nhau
hoic chi léch nhau mét it. Tuy nhién, gitra hai 16p dau con cé cac 16p vach ngin ciing nhu cac
vong rd to va stator trung gian nén s& c6 mot sé lugng khong nho tir truong chay qua theo
duong nay. Do d6, cudong do tir trudng & cac 16p dau bén ngoai s& 16n hon so véi cac 16p dau
phia giita va phia trong. Hinh vé& 6 chi ra rang, & l6p ngoai cuong do tir truong ¢ 16p ngoai 1a
232 kA/m trong khi 16p trong chi dat xap xi 41 kA/m. Bén canh dé, ¢ nhitng khu vuc c6 céc
ma dan tir thi cuong do tir truong 16n hon (khu vue mau do) so véi nhitng khu vuc 1a khe ho
gitra cA&c ma cuc (khu vuc mau xanh va vang nhat) ¢ trong hinh vé.
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Hinh 6. Cirong dé tir trurong tai ting 16p ddu
Gia tri cuong do tir truong chi tiét tai cac 16p dau theo chiéu chu vi duong tron dugc thé
hién trong hinh vé& sé 7. Nhin vao hinh vé& ciing cho thiy riang cudng dé tir trudng cua 16p
ngoai cting 1a 16n nhat va trong cuing la nho nhat. Pong thoi mat d6 nay ciing khong dong nhat
theo khoang cach chu vi dudng tron bao. Vi ban kinh cac dudng tron 1a khong bang nhau nén
cac dinh cuc tiéu va cuc dai cua mdi 16p 1a 1éch nhau khong nhiéu.
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Hinh 7. Cuong do tir truong theo chu vi

M6 men xoin cuc dai sinh ra cia co cdu phanh loai méi nay duogc tinh toan va thé hién
trén hinh vé& 8. Vai nhitng gié tri khac nhau cua lyc dién tir, md men sinh ra do 16p dau phia
ngoai 1a 16n nhat trong khi 16p dau phia trong chi dat do 16n x4p xi mot nira. Tai gié tri Ion
nhat cua lyc dién tir 14 200 ampere-vong thi mé men tong cong sinh ra ciing dat gia tri cuc dai
la 30.8 Nm. Sy khéc biét nay so vai két qua tinh toan téi wu héa 1a 31.04 Nm 1a do qué trinh
lam tron cac gié tri trong bang 1.

Pé danh gia chat lugng cua co ciu phanh méi thiét ké, két qua dat duoc s& duoc so séanh
Véi cac co cau phanh truyén théng cing loai. Bang 2 thé hién két qua so sanh giira cac loai
phanh cling ¢6 sau cuc tir nhung khac nhau vé sé luong céc 16p dau. Két qua cho thiy véi
kich thuéc thiét ké nho nhét thi mé men phanh sinh ra lai dat gi4 tri Ién nhat. Do vay ma ti sé
md men riéng ciing dat gié tri 1on nhat véi 56,1 Nm/dm?. Tuy nhién, gié tri md men phanh khi
chua cap dong dién vao ciing con twong ddi 16n dat 1,9 Nm.

6
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Hinh 8. M& men téng va cua tieng I6p dau sinh ra
Bang 2. So sanh dac tinh cua cac logi phanh dau ti trieong vai so lop dau khac nhau

Cé4c thong sé chinh Loai mtlép | Loaihailép | Loai balép dau
dau diu
Mo men phanh cuc dai (Nm) 22,4 30,4 30,8
M6 men phanh khi khéng cung cap | 1 2 1,9
dong dién (Nm)
Kich thudéc thiét ké RxL (mm) 70x75 50x75 50x70
Ti s6 md men rieng TRV (Nm/dm®) | 19,4 51,6 56,1

Hinh 9 thé hién rd hon d6 thi cot giita cac gia tri ti s6 md men phanh riéng trén mot don
vi thé tich. Nhu nhin thy trong hinh 9, md men phanh riéng cua co ciu phanh mai dé xuat 1a
I6n nhat. Qua d6 c6 thé két luan rang co cau phanh méi thiét ké nay da dat duoc yéu cau dé ra
v6i myc tiéu tang md men phanh sinh ra. Véi cac két qua kha quan nay, huéng nghién cau
ma& rong cua dé tai 1a thiét ké ché tao, san xuat lap rap va chay thir nghiém co cu phanh dau
tir truong loai méi véi ba 16p dau nay. Trong tuong lai, két qua cua nhém nghién ciru mé ra
cac hudng wng dung vao thyc tién dic biét 1a trong cac linh vuc co khi 6 6, co khi ché tao, rd
bét, y té va nhiéu linh vuc khoa hoc khac dé phuc vu cho con nguoi.
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Hinh 9. Ty s6 md men phanh trén mér don vi thé tich cia cac logi phanh
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5. KET LUAN

Nghién ciru nay da dé ra mot thiét ké co cau phanh dau tir trudng méi véi da cuc tir va
ba 16p dau tir truong dugc dat phia bén trong stator. Tir truong bén trong co cdu phanh nay da
dugc md phong va phan tich tinh todn. M hinh téi wu héa ciing di duoc xay dung dé xac
dinh md men phanh téi da duéi su rang budc cua cac thdng sé kich thuéc.

Két qua chi ra rang, mat do tir truong 16n nhit di qua 16p dau tir truong phia ngoai nam
gan céc cuc dién tir hon so vai cac 16p dau phia trong. So sénh véi cac co cAu phanh da cyc tir
& cac nghién ciru trude thi co cAu phanh ba 16p dau méi nay hon han ca vé mé men phanh
sinh ra ciing nhu ty s6 mé men phanh riéng.
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