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Tom tit. Co cau phanh dau tir truong 12 mot loai phanh hién dai sir dung dau tir truong (MR) 1am moi
chat trung gian. Co cau phanh nay c6 thé diéu khién dugc méd men phanh mot cach nhanh chéng nho vao su thay
ddi cua cudng do tir trudng tac dung vudng goc vai cac 16p dau. Trong bai béo nay, két cau cua céc chi tiét chinh
clia co cau phanh dugc md phong va phan tich tinh toan bén nham hoan thién thiét ké trugc khi tién hanh san
Xuét, Iip rép va chay thir nghiém. Cac diéu kién lam viéc khac nghiét nhat voi mo men phanh téi da dwoc dua
vao chuong trinh mé phong va tinh toan kiém nghiém bén. Céc théng sb kich thudc va vat lidu co dwoc sau qua
trinh md phong va t6i wu hda md men phanh ciing dugc dua vao lam céc thong sé dau vao chuong trinh. Theo 1y
thuyét phan tir hitu han, cac yéu té quan trong nhu &ng suat, chuyén vi twong dbi va bién dang cua cac chi tiét
trong co ciu phanh nay cin dwoc phan tich va danh gia. Két qua md phong cho thay rang, ing suat I6n nhat tai
cac khi vuc tap trung (g suét ciia cac chi tiét can danh gia déu dam bao nam trong giGi han an toan bén.

Tir khoa: Phanh dau tir truong, Kiém nghiém bén, Phuong phéap phan tir hitu han.

Abstract. Magnetorheological brake is a new device which uses magnetorheological fluid (MR) as a
media liquid. This brake device can control the generated braking moment very fast based on the variable of
magnetic field which affects perpendicularly with MR fluid layers. In this paper, the structure of major parts of
the MR brake have been simulated and analyzed based on strength conditions to be prepared for manufacturing,
assembling and testing. The hardest working conditions with maximum braking moment were inserted into
simulation and calculation program for ensuring the strength of structure. The parameters of dimension and
material which are the results of the magnetic simulation and optimization procedure are also applied to
simulation program as the input factors. As the theory of finite element method, the important factors such as
tress, strain and deformation of each part of the MR brake need to be analyzed and evaluated. The results show
that the maximum stresses at the dangerous areas of parts are always on the safety range.
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1. TONG QUAN NGHIEN CcUU

DAu tir trudng (Magnetorheological fluid, hay MRF) duoc nghién ctru va tng dung nhidu nhit
trong cac cum phanh MR, ly hop MR, giam chian MR va géi d& MR [1-6]. Nhiting nghién ctru som
nhét vé dau MR dugc dua ra boi dng Rabinow J vao nam 1948 da gioi thigu vé ly hop va phanh dau
MR [5, 7]. Ngay nay, véi su phat trién nhanh chéng ciia cac nganh céng nghiép niang, diu MR duoc
ung dung rong rai trong cac linh vuc nhu dong co, xe hoi, 16 bot, y té, thé thao cling nhu cong nghiép
co khi [8-10]. Mot vai nghién ctru vé giam chan MR va ly hop da dugc éng dung thanh cong trén xe 6
t6 cling nhu trong cic may cong cu. [11-12]. Va duong nhu nhitng nghién ctru vé ung dung dau MR
trong céc thiét bi trén da téi gisi han. Do d6, phanh dau MR ciing nhu gbi d& dong co 1a hudng di tat
yéu cho cac nha nghién ciru tng dung trong linh vuc dau tir truong trén thé gisi. Cac nha nghién ciu
da cho thay rang m6 men phanh cia cac co cau phanh dau MR van con nhé chua da 16n dé str dung
trén céc loai xe 6 t6 va chling c6 tiém ning c6 thé con ning cao duoc them nira. Bén canh dé, khéi
lwong va kich thuéc cua céc loai phanh dau tir trudng van chwa du nhé dé dap tng nhu cu cao cua cac
hé thong co khi dong luc. Nhiing doi hoi d6 1a nhitng thach thirc cho cac nha nghién cau, ché tao trong
linh vuc dau tir trudng.

Bai bao nay trinh bay vé mét thiét ké méi cua phanh dau MR véi nhitng thanh tuu khong nhiing
tao ra dugc mé men phanh I6n ma con c6 kich thudc va khoi lugng nho. Co cau phanh dau tir treong



Véi da cuc tir ndy néu dugc so sanh véi cac thiét ké trudc, md men phanh cuc dai duge tang 1én déng
ké tuy nhién thiet ké va ché tao s¢ kho khan, phirc tap hon. Thém nita, véi khoi lugng va kich thuéc
nho sé dat ra bai todn kiém bén cac cum, chi tiét trudce khi gia cong dé dam bao tuoi tho lam viéc.

Bai toan két cAu va kiém bén la vin d& hét sirc quan trong trong cong nghé thiét ké va lap rap co
khi. Do bén va bén 1au cua vt liéu co khi dugce d& cap trong céc nghién ctu cia Yusuf va Bobyr [13-
14]. Phuong phéap phan tir hitu han trén co s& phan mém AnsysWorkbench da dugc sir dung rat
thudng xuyén trong cac nghién ctu vé cau tric bai vi do chinh xac va duoc hd trg bai may tinh [15].

Déng goép 16n nhat cua nghién ctru nay 1a di tién hanh phan tich két cu cta co cu phanh tir
truong da cuc tr nham xac dinh, danh gia va kiém bén cac cum chi tiét chinh. Keét qua nay ciing gop
phan cho viéc san xuat, lap rap va khai thac co cau phanh loai méi nay trong tuong lai.

2. PHAN TICH KET CAU

Sau khi tién hanh giai bai toan toi wu hoa thiét ké co cau phanh méi nay, céc kich thudc hinh
hoc cua cac chi tict chinh duoc dua ra trong bang 1. Hinh vé& 1 chu gidi céc kich thudc co ban cua co
cau phanh MR sau khi toi wu hoa.

Bang 1. Binh nghia va gia tri cia cac kich thudc hinh hoc co ban

Cac thong sb thiét Pinh nghia D¢ Ion
ké (mm)
Rout Ban kinh r6 to ngoai 50
Zur Do cao I6p dau MR 75
9 Do day cua lop dau 0.5
s_gi Khoang h¢ gitra cac ma 5

B cuc trong
s go Khoang he gitra cac ma 15

- cuc ngoai
t core Dé day cua I6i tu 15
t ci Do day vong chin phia 1

B trong ’
t co Do day vong chan phia 1

- ngoai
tri Do day rb to trong 15
t ro Do day r6 to ngoai 6
t si B¢ day ma cuc trong 15
t so b¢ day ma cuc ngoai 25

Dé dam bao thiét ké nay dang tin cay trong trong qué trinh 1am viéc sau thiét ké, nhitng cum chi
tiét nguy hiém cao nhat duoc dua vao phan tich danh gia. Theo 1y thuyét vé su dan hoi bién dang déo,
phé& huy xay ra khi nang luong bién dang trong truong hop thuc té 16n hon ning luong pha hiy cia
mau thir cing loai tai thoi diém bi phé hay. Nang lugng bién dang dan hdi I6n nhit (con goi la Von-
Mises) theo ly thuyét s& du doan rang mét vat liéu s& bi pha huy néu ung suat Von-Mises dat t6i gidi
han dan hoi cta vat lidu (yield strength, S,).
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Hinh v& 1. Co cau phanh dau tir truong da cuc tir

Ung suit nay duoc tinh toan theo cong thic tuong duong trong hé toa do x-y-z [17]:
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Trong d6, Gym, Gx, Gy VA o, tuong tng 1a ting suat phap twong duong va cuc bo theo cac phuong
X, Y Va z. Va Ty, Ty, Va T la ung suat tiep trén cac mat phang twong tng Xy, yz va zx.

Do d6, dé sy bién dang khong xay ra, img suat twong duong von Mises stress s& phai nho hon
ung suat pha huy cua vat liéu:

Oym <y
2)

Bén canh do, sirc cang va chuyén vi ciia cac chi tiét cling 1a yéu td kha quan trong trong thiét ké
co khi can phai quan tdm. Ung dung ly thuyét vé phan tir hitu han, sttc cang tai mot nat bat ky duoc
tinh theo céng thuc:

3)

Va quan hé giita tng suat va sirc cing:

to}=[Dl{e}

Trong d6, [B] va [D] 1a c4c ma tran gradient ang suat va chuyén vi [18].

4)

Vi thiét ké co cau phanh méi nay, ba chi tiét duoc coi la nguy hiém nhat d6 1a ré to trong, r6 to
ngoai va stato dugc dua vao chuong trinh tinh toan va kiém bén. Vat liéu ché tao cac chi tiét trén la
thép céac bon AISI 1018 dugc trinh bay trong bang 2:



Bang 2. Co tinh cua thép c&c bon AISI 1018

Thong sb Giatri
M6 dun dan hdi (Pa), E 2.05el1
Heé s Poisson, v 0.29
Khéi lugng riéng (kg/m°), p 7870
Gii han bén méi (MPa), S, 370

Dé danh kiém nghiém bén, trang théi 1am viéc kho khin qhét dugc dua vao chuong trinh véi mo
men phanh tinh toan cyc. M6 men phanh tao ra boi cac 16p dau tur truong MR duogc tinh theo cong
thuc [16]:

2xnw
2 3
Tuvri = Ruri ,[ A, T, dA,; + T Ruri ©)

21w _3

2
Tmro = Rmro I AL r, dA,, + Riiro (6)

Trong d6, Tyr, Rumr V& Aur 1& MO men, ban kinh va dién tich lam viéc cua dau MR. n la d6
nhét cua dau MR khi khéng c6 tir truong tac dung va o la van téc gdc caa ro to.

Két qua sau khi tinh toan chi ra ring, md men phanh cuc dai sinh ra bgi l6p dau phia trong la
9.76 Nm trong khi 16p phia ngoai c6 thé tao ra mé men 20.68 Nm dugc trinh bay trong hinh vé& 2. Cac
mo men ndy dugc dua lam théng sé diu vao cua chuong trinh tinh toan Ansys, s& dwoc trinh bay chi
tiét & trong phan tiép theo.
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Hinh v& 2. M6 men phanh sinh ra véi luc dién tir



3. XAY DUNG MO HINH PHAN TU HUU HAN TREN CO SO PHAN MEM ANSYS
WORKBENCH

Véi muc dich phan tich két cAu cua co cau phanh méi nay trude khi tién hanh san xuat dé loai
trir cac hu hong cd thé xay ra trong qua trinh 1am viéc thyc té. Trudce tién, md hinh 3-D voi kich thuéc
chinh xac dugc xay dung bang cong cu Part trong SolidWorks. Sau d6, nhitng chi tiét dugc xuat vao
trong cdng cu Geometry Toolbox dé tao ra phan tir trong DesignModeler cia Ansys Workbench. Sau
d6, cac tinh chat vat ly caa vat liéu thép tir AISI 1018, cho trong bang 2, duoc dua vao thong qua cong
cu Engineering Data Toolbox. Trong nghién ctiu nay, céng cu tinh hoc Static Structure dugc chon dé
phan tich két cau va kiém bén céc chi tiét trong co cau phanh dau MR.

Budc tiép thep 1a chia ludi cho cac m6 hinh nghién cau, mét budc hét suc quan trong trong
cong cu toan hoc phan tar hitu han. C6 rat nhleu phuong phap chia luéi min dugc goi 1a 1am min thich
g cao dé tang sO phan tir 1én téi mac yéu cau téi thiéu. Sy roi rac héa phu thudc vao hinh dang két
ciu céc chi tiét, tai trong va cac diéu kién bién [18]. Nghién ctu nay ¢ ging dat duoc két qua tin cay
nhat and chinh xéac nhat cho nén ché do chia luéi day dac da dugc thiét l1ap. Vé kich thudc cac phan to,
hai lra chon Relevance Center va Span Angle Center la fine trong khi Smoothing la high va Transition
1a slow. S6 lwong phan tir va sé ndt cua tirng chi tiét sau khi chia ludi duoc chi ra ¢ bang 3. S6 nit va
s6 phan tir dat gia tri gan mat triéu cho t6i 2 tridu. Voi sb lwong phan tir I6n nhu vay, két qua mo
phong s& rat chinh xac va dang tin cay.

Bang 3. Chia luéi phan tir

RO to trong R6 to ngoai Stator
Sé nat 870883 2256488 1509177
S6 phan tir 604223 1519705 1006564

Budc cubi cung la thiét lap cac didu kién bién, tai trong va cac loai két qua tra ra mong mudn
sau khi chay m6 phong. Mo men phanh sinh ra cua cac 16p dau tur truong MR tac dung [én cac chi tiét
va céc rang buoc ¢b dinh chi tiét dugc biéu thi trén hinh v& 3. Nhiing két qua tra ra mong muén 12 téng
chuyén vi, stc cang tuong duong va tng suét trong duong cua tirng chi tiét nghién cuu.
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Hinh v& 3. Chia luéi va dat luc cho cac chi tiét chinh: a) R6 to trong; b) Rd to ngoai; ¢) Stator

4. KET QUA MO PHONG VA THAO LUAN

Sau khi chay chuong trinh mo phéng tinh hoc cho c4c chi tiét chinh cua co ciu phanh dau MR,
két qua md phéng dugc bicu thi trén céc hinh v& 4-6. Nhu trén hinh v& 4, gid tri cuc dai cia ro to trong
chi 1a 2.1e-5m xuat hién tai vi tri thap nhat phia sau cua chi tiét. Trong khi ung Suit va sirc cing tuong
duong dat gia tri cuc dai & khu vuc mau do noi dat ranh then néi véi cac cum chi tiét bén ngoai can
phanh ham. Gi4 tri stc cang cuc dai dat 8.1e-4 m/m trong khi d6 gia tri cuc tiéu dat 2.5e-8m/m. Va gia
trj ung suat cuc dai dat 1.28e8 Pa.

Hinh v& 4. Téng chuyén vi, stc cang tuong duong va tng suat von-Mises Stress cua rd to trong



Hinh v& 5 chi ra gi tri lon nhat cua chuyén vi cua ro to ngoai chi Ia 6.5e-7m nam & khu vuc
phia truge cua chi tict. Khu vyc khong an toan 1a khu vyc noi voi rd to trong véi gia tri st cang cuc
dai 12 3.9e-5m/m va tng suét cuc dai 1a 5.98e6 Pa.

Hinh v& 5. Téng chuyén vi, stic cing tuong dwong va tng suit von-Mises Stress cua ro to ngoai

Chi tiét c6 nguy co hu hong cao nhat 1a stator vi n6 ¢ két cau kha mong véi thiét ké chi co 1
mm & khu vuc thanh mong nhat. Tuy nhién, bién dang 16n nhat ciia n6 chi ¢ 3.3e-7m nhu da thay
trong hinh v& 6. Gi4 tri bién dang nay 1a 16n nhat tuy nhién van nam trong gia tri cho phép. Trong khi
do, strc cang 16n nhat dat 4.7e-5 m/m va ng suat cuc dai 1a 5.6e6 Pa. Ung suat cuc dai nay xuét hién
& thanh mong nhét cua stator, khu vire mau do trén hinh vé 6 nam giira hai ma cuc.

Hinh v& 6. Téng chuyén vi, stc cang tuong duong va tng suat von-Mises Stress cua Stator

Panh gia chung cho céc chi tiét thi gia tri tng suat cuc dai von Mises stress déu thoa méan
phuong trinh (2), tat ca déu nho hon giGi han bién dang dan hoi cua thép 1018 1a 3.7e8 Pa. Ung suit
cao nhat dat gia tri 1.28e8 Pa xuét hién tai ro to trong tuy nhién van nam trong gi¢i han an toan bén.
Chuyén vi 16n nhat xuét hién ciing tai rd to trong véi gia tri 1a 2.1e-5 m hay 0.021mm. Gia tri nay rat
nho va chap nhan dugc néu so sanh véi tong kich thudc cia co cau phanh ciing nhu yéu cau ki thuat
khi thao lap, van hanh.

Pén day co thé két luan rang, voi diéu kién lam viéc kho khin nhat theo thiét ké cua co cau
phanh dau tir truong nay, do bén cua céc chi tiét co khi duge dam bao an toan trong qua trinh lam viéc.

5. KET LUAN

Bai bdo nay da su dung phuong phap phan tir hitu han vao trong mo phong, tinh toan kiém
nghiém bén céc chi tiét trong co ciu phanh dau tir truong da cuc tir. Két qua md phong chi ra rang ung
sudt cuc dai xuét hién trong cac chi tiét van nho hon giéi han dan hoi cua vat liéu trong khi chuyén vi
rat nho khdng anh hudng téi van hanh, thao lap. Do dé, qua trinh thiét ké duoc hoan thién tir cong viéc



tinh toan téi uu héa cho t6i kiém tra diéu kién bén trong diéu kién 1am viéc khic nghiét nhat. Cong
Viéc nay rat co y nghia dé giam thiéu thoi gian, chi phi ciing nhu loai bo cac sai hong trude khi dua
vao gia cong, lap rap va chay thir nghiém trong thuc te.
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