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Tom tit:

Trong nghién ciru nay, cic tic gia dé xuat ciu hinh ly hop méi sir dung luu chét dién - tir bién (MRF) dé diéu khién
toc do diu ra cia dong co' dién. Cau hinh ly hop méi nay di khiic phuc dwoe cac nhwge diém cia ly hop MREF ci,
nhu khiic phuc dwge hién twgng thit nit co chai, khong can sir dung ¢6 gép dién. Md hinh ng xir luvu bién déo
Bingham dwgc sir dung dé tinh toan mé men truyén dong ciia ly hop sir dung lwu chit dién - tir bién. Tir cAu hinh
ly hop dwoge dé xuit, nghién ctru da toi wu héa da muc tiéu dé tim ra kich thwéc t6i wu nhit cia ly hop sao cho khéi
lwong va cong suét 12 nhé nhit véi mé men truyén dong can thiét. Mot ly hop ¢6 mé men truyén dong 10 Nm da
dwgc thiét ké va ché tao duwa trén két qua thiét ké. H¢ thong thi nghlem do mo men cia ly hop dwgce xay du’ng aé
kiém tra dac tinh cua ly hop. Bén canh do, hé thong diéu khién téc do diu ra caa tai véi quy luit mong muén ciing
dwoc xay dung va kiém chirng.

Tir khéa: diéu khién toc do dong co, lvu chit dién - tir bién (MRF), ly hop sir dung hru chit dién - tir bién (MRC),

phanh MRF.
Chi s6 phén loai: 2.3

Pat van de

Thong thudng toe do cta dong co dién nédi chung, dong
co DC noi riéng duoc didu khién bang cach thay dbi hiéu
dién thé cung cap cho phan cung. Tuy nhién, phuong phap
nay khé dap ting duoc ¢ toc do thdp. Cung voi do, dap tng
co cua hé théng didu khién dong co khong da nhanh dé
dap g theo m6 men dau ra trong nhung treong hop phat
sinh nhitng m6 men dot bién. Cac van dé ' ndy gdy ra nhimg
kho khan nhat dinh cho viéc diéu khién toc dd cua hé thong
tai dan dong boi dong co. Nhimng nim gan day, diéu khién
tdc o dong co sir dung phanh va ly hop luu chat dién bién
(Electro-rheological Fluid - ERF) da duoc nghién clru va ap
dung [1-2]. Tuy nhién, trong nhiing nghién ciru nay van con
ton tai mot s6 van dé ma nguyén nhan chinh la do g suét
lam viéc cia ERF tuong dbi nho, do vay dé tao ra md men
16n thi ban cuc phai 16n, dan dén kich thuée cua hé théng
16n. Luu chat dién - tir bién (Magneto-rheological Fluid:
MRF) 1a mét loai luu chit thong minh ¢ chtra cac hat phan
tir vat liéu tir tinh c6 kha nang chuyén ddi tinh chét luu bién
kha nhanh va manh khi chiu tac dong cua tir truong. Uu
diém ndi bat cua luu chit MRF so v6i luu chit ERF 14 ing
suét chay déo cao hon nhiéu lan, it bi ling dong hon va hiéu
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dién thé tac dong nhé hon. Do vay, luu chit MRF hién dang
duge nghién clru va ing dung rong rai trong cac ing dung
khéc nhu phanh, co cau hai chiéu va ly hgp [3-4].

Nghién ctru nay phat trién hé thong diéu khién toc do ciia
tai dugc dan dong boi dong co dién thong qua ly hop MRF.
Céu hinh méi cua ly hop MRF ciing duoc dé xuat dé giai
quyét cac nhugce diém ton tai & cac nghién ctru trude nhu
hién twong thit ¢ chai, dung c¢b gop dién. M6 hinh tinh toan
momen truyén dong cua ly hop MRF duogc xdy dung dua
trén ing xu luu bién déo Bingham ciia luu chit MRF. Thiét
ké t6i wu ciia ly hop MRF duoc thyc hién dé tim ra nhimng
kich thude t6i wu nhim tao ra md men can thiét véi khoi
luong va cong suat nho nhét c¢6 thé. Dya vao két qua téi uu,
mot md hinh ctia ly hop MRF d duoc ché tao dé thuc hién
thi nghiém nghién ctru cac dic tinh k§ thuat va kiém chung
v6i két qua 1y thuyét.

Noi dung nghién ciiu va thiét ké ché tao

H¢ théng ly hop MRF ding diéu khién toc dé quay ciia
truc tdai

’Céu hinh ly hop st dung luu chét dién - tir bién truyén
thong duoc trinh bay ¢ hinh 1. Trong ly hop (hinh 1A), cuén
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Abstract:

In this work, the new configuration of magneto-
rheological clutch (MRC) is proposed to control the
output speed of electrical motor. This configuration deals
with some drawbacks in conventional configuration
such as bottle-necks phenomenon, using collector with
brushes (commutator). The Bingham model has been
employed to analyse the transmitting torque of MRC.
An optimal design of the MRC is then established to
find out the optimal geometric dimensions of the clutch
that can transform a required torque with the minimum
mass and power consumption. Based on the results,
a prototype of the MRC with 10 Nm transmitting
torque has been manufactured, and its performance
characteristics have been experimentally investigated.
In addition, a controller has also been designed to
control the output speed of the system. In order to
evaluate the effectiveness of the proposed motor speed
control system, experimental results of the system are
obtained and presented with discussions.

Keywords: magneto-rheological fluid (MRF), MRF
brake, MR clutch (MRC), speed control.

Classification number: 2.3

day dugc lip dat trén vo cua ly hop. Vo nay duoc ndi voi
tryc ra ctia ly hop va c6 chuyén dong quay trong qua trinh ly
hop lam viéc. Vi vay, dién diéu khién cho ly hop phai dugc
cap thong qua cb gop dién. Co gop dién khong nhitng lam
tdng m6 men ma sat ma con bi mai mon theo thoi gian nén
can qua trinh bao dudng lién tuc. Hon thé nita, voi viée dat
cudn day bén ngoai vo try, hién tuong that nat ¢ chai xay
ra, 1am giam di hiéu sudt 1am viéc cling nhu ting kich thudc
ctia ly hop khi yéu cdu mé men 16n. Ly hop hinh 1B dugc
dé xuét véi viée thiét ké mot hop vo di dong dit bén trong
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v ¢ dinh bén ngoai [5]. Cudn day duoc dit trén vo ¢b dinh
nén ly hop khong can sir dung ¢ gop dién dé cip dién cho
cudn déy. Trong nghién ctru ndy, cau hinh ly hop méi duge
dé xuét & hinh 2.
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Hinh 1. C4u hinh ly hop duing Iwu chét dién - tir bién truyén théng:
(A) Cudn day dat trén vé quay cua ly hop; (B) Cudn day dat trén
vé ngoai co dinh.
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Hinh 2. Ly hop dworc dé xuét véi cudn day ndm 2 bén vé cé dinh.

O céu hinh ly hop duoc dé xuat, cudn day duge dit o
hai bén vo ¢ dinh. Khi cép dién nguoc chiéu cho hai cudn
day, tir thong sinh ra di qua thanh mong ctia vo di dong dén
bdo hoa thi bat dau di xuyén qua cic ranh lwu chéat. Duéi
anh huong cua tir thong, tmg xur ciia luu chét thay ddi theo

cong thuc [3]:
-Ba -2 Ba
+(r, -7 )(Ze Ve Sry)
yo Yoo

T =7
y Yo

Q)

=+ — ) (26 Mg e )

Trong do, T, U lan luot 1a tng sudt chay, dd nhot cua
lwu chat dudi tac dong cua tir truong; T, 1, lan lugt 1a tmg
sudt chay, d6 nhot cua luu chat khi khong co tir truong tac
dong; T _, lan luot 1 gia tri bdo hoa cua g suit chay,
do nhét caa Tuu chét khi ¢6 tir truong rat 16n tac dong (luu
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chat ¢ trang thai bio hoa tir truong); a_, o, lan luot 1a hé sb
mo men bdo hoa cua tmg suit chay, do nho“[ B lamatdo tu
truong dugc dat vao. Cac thong so co ban mod hinh Bingham
cua MRF dya trén thyc nghiém duogc trinh bay trong bang 1.

Bang 1. Thong sé lwu bién cta lwu chat MR 132 DG.

Théng sb Gia tri
Tyo 15 pa
Ty 40000 pa
Hg 0,1 pa.s
Heo 3,8 pa.s
Tsp 4,5T!
Xsry 29T

Hién nay da c6 nhiéu nghién ctru v& viéc phan tich m6
men sinh ra cia phanh hay ly hop [6]. M6 men truyen dong
cua ly hop sir dung luu chit dién - tir bién chi y€u bao gbm
cac lue: luc ma sat giita luu chét véi cac mat tiép xtic cua
dia, lyc ma sat gitta luu chét voi mit tru vién ngoai cua dia,
ngoai ra con ¢6 md men sinh ra cia phét 1ap trén truc co
tac dung ngan chan sy ro ri luu chat ra bén ngoai. M6 men
truyén dong cua ly hop duoc xac dinh nhu sau:

4

4 4 4
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V6i T va T 1a md men truyén dong khi c6 tir truong
va khong cotlr tmong tac dong; R, va R 1a ban kinh trong
va ngoai cua dia; ¢, 1a chiéu day ciia d” ia; R va R la ban
kinh trong va ngoa1 cua cudn day; d 1a khe hé & mat dAu ciia
dia v6i vo ly hop; d 1a khe ho gilra mat tru ngoai cua vo
ly hop va vé co dmh Q 13 vén toc goc tuong doi gitra truc
chu dong va truc bi dong; t T s Tas .12 gioi han chay
cua MRF1, MRF2, MRF3, MRF4; 1, 1a g101 han chay cua
luu chat MRF O trang thai khong co tac dong cua tur truong;
My My Mys My, 18 d0 nhét sau chay deo cua MRF1, MRF2,
MRF3, MRF4; i, 1a do nhét cua luu chat MRF 6 trang thai
khong c6 tac dong cuia tir truong; T, la m6 men ma sat gitta
truc va phét.

Thiét ké t6i wu ly hop MRF

Trong thiét ké bai toan t6i wu cho ly hop st dung luu
chat MRF, khéi luong va cong suat cua ly hop duge xem
nhur ham muyc tiéu ciia bai toan tdi wu trong thiét ké. Khoi
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lwong cang nho thi két cau ly hop cang gon gang, phu hop
& nhitng noi bi giéi han vé khong gian lap dit. Hon thé nita,
m6 men quan tinh cua ly hop s€ dugc giam di dang ké. Piéu
nay anh huong nhleu L trong viée diéu khién téc do dau ra cua
ly hop. Cong suat can thiét cho ly hop lién quan tryc tiép
dén ngubn dién cap cho cac cudn day. Cong suat cang nho,
cang tiét kiém nang lugng cting nhu phu hop voi ngudn dién
dung dé diéu khién mo men truyén dong cua ly hop. Khéi
luong cta ly hop duoc xac dinh theo cong thirc sau:

m:Vdpd+Vvlpvl+V2p\2+V pMR+Vpn+Vpc (5)

Ve6i v,V , sz, Vie V,vaV, 1an Iuot 1a thé tich cta di ia,
vo di dong, VO c6 dinh, luu chit MREF, céc truc cia ly hop
va cudn day; Pas> P> Puz> Purs P> Pe 1an luogt 1a khéi luong
riéng cua dia, vo di dong, vo ¢d dinh, luu chit MRF, truc cta
ly hop va cudn day.

Cong suat tiéu thu ciia 2 cudn day cua ly hop duge xéc
dinh nhu sau:
2R
p=apR = REVA ©)
zd

Trong do, I 1a cuong do dong dién cép cho cudn ddy va
R, 1a dién tr¢ cia moi cudn déy, R 1a ban kinh trung binh
cua cudn dy; & 1a hé sb dién day khi quén day, hé sb nay
thiét 1ap 1 0,8 trong thiét ké nay; r 1a tr& khang cua day
(0,01726 cho day dong); d, 1a duong kinh cua day quén; w,
h la chiéu dai va rong cua cuon day quén.

bé don gian cho qua trinh t6i wu da muc tiéu, ham da
muc ti€u dugce tuyen tinh hoa nhu sau:

OBJ:aﬂ+ pl ()

Trong d6, m, P la khéi luong va cong sut cua ly hop;
m, P_la khéi lu’ong va cong suit tham chleu cua ly hop
du’oc xac dinh tir thiét ké ban dau trude tdi uu; a, pla céac
trong sb cia ham muyc tiéu co g1a tri tr 0+1,0. Trong nghién
ciu nay, khdi lugong va cong suit duoc xac dinh 1a ¢6 anh
huong ngang nhau nén gia tri cua a, 8 duoc chon bang nhau
va bang 0,5.

Dé phan tich mé men truyén dong cua ly hop MRF, md
hinh phﬁn tu hitu han cua ly hop dung phén mém ANSYS
nhu hinh 3 dwoc sir dung dé tinh toan tir truong qua khe MRF.

Hinh 3. M6 hinh phan tt hivu han dung phan tich mach ti cda ly
hop.
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Trong nghién ctru nay, mdi canh duoc chia 10 phén ta.
Vit liéu cua céc chi tiét ly hop duoc trinh bay trong bang 2.
Trong d6, dia va vo cua ly hgp st dung vat liéu c6 kha nang
dan tir tdt. Truc sir dung vat liéu cach tu dé ngan chan su
déng cung luu chit & gan khu vuc phdt chin lam hu hong
phét. Luu chat 132 DG dugc str dung trong tinh toan thiét ké
& nghién ctru nay vi ¢ tmg suat chay, d6 nhét & mic trung
binh. Puong cong quan hé gilta cuong do tur truong va tu
thong di qua duogc trinh bay ¢ hinh 4.

Bang 2. Vat liéu str dung trong thiét ké ly hop MRF.

Chi tiét Vit ligu Khéi lwong riéng (kg.m?)
Truc Inox 304 7900
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Hinh 4. Dwéng cong B-H cua vét ligu sir dung dé thiét ké ly horp:
(A) Vat liéu thép C45; (B) Lwu chiat MR132DG.

Cudng dd tur trudng H (kA/m)

Cong cu tdi vu tich hop voi mo h1nh phén tur hitu han tren
nhiéu nghién ciru truéc day trinh bay qua trinh t6i wu co ciu
sir dung luu chat MR [7, 8]. Pau tién, mo hinh phan tir hitu
han cho ly hop duoc xdy dung sir dung phan tir PLANE13
ctia Ansys. Méi truong da tir truong duoc st dung dé giai
mach tir di qua luu chat. Sau d6 tinh luu bién cta luu chét tir
cong thire (1) dugc xac dinh dya vao tir thong trung binh cua
timg doan luu chat. Sau d6, mé men truyén dong, khéi luong
va cong sudt cua ly hop duoc xac dinh lan luot qua cong thirc
(2), (5) va (6). Gia tri khdi lwong va cong sudt tinh dugc tir
nhirng gia tri ban dau duoc xem nhu cac tham s6 tham chiéu
¢ cong thire (7). Thuét toan t01 uu First order trong Ansys
duoc sir dung dé giai bai toan toi wvu véi md men truyen dong
dugc rang budc 1a 16n hon hoac bang 10 Nm. Diéu kién hoi
tu cta cac bién duge thiét lap 1a 0,1%. Bén canh do, kich
thudc khe ho khong khi giita vo ¢b dinh va vo di dong duoc
¢b dinh 14 0,3 mm. Luu ¥ rang, khe ho cang nho, tir thong di
qua d& dang, m6 men truyén dong cua ly hop cang 16n, ton
thét tir truong nho. Tuy nhién, d6 hé ciia khe khong khi can
dugc suy xét trén phuong dién kha nang, chi phi gia cong va
ldp rap. Tuong ty vy, bé rong cia ranh luu chét cling dwoc
¢6 dinh 12 0,8 mm. Khe luu chat cang nhd, hi¢u suét cua ly
hop cang 16n va nguoc lai. Puong kinh day quén duge chon
la 0,5 mm, do d6 cuong do tdi da cép cho cudn day 1a 2,5 A
dé dam bao kha nang an toan.

TAP CHI

HOA HOC

ONG NGHE /It Nam 62(3) 3.2020

Két qua

Loi gidi bai todn thiét ké t6i wu ly hop

Véi cac thong sé nhu phan trén, bai toan téi wu ly hop
s& hoi ty sau 25 vong lap. Két qua giai bai toan tbi wu duoc
trinh bay trong hinh 5 va bang 3. Két qua hinh 5 cho thiy,
tur thong di qua ranh mong cua vo di dong bao hoa tur nén tu
thong bi ép di qua ranh luu chat. Cuong d¢ tir truong phén
bd doc theo ranh luu chét khong dong déu va c6 gid tri trung
binh xap xi 0,4 Tesla. Bang 3 trinh bay gia tri t6i uu cta bién
thiét ké va cac thong sé co ban ciia ly hop tai gia tri toi wu.

-34568% _4
O [} 33

]

Hinh 5. Phan bé tir trwong cta ly hop sau khi tdi wu.

Bang 3. Két qua sau t6i wu ctia cac bién thiét ké ly hop.

Kich thwée bién thiét ké (mm) Dic tinh ly hop

Cudn day: rong w =1,022; M6 men tai tbi da (Nm): 10,33

cao h =9,943; ban kinh trong
R, 34 799; s6 vong quan 39
Pia: R=14.2, R =50,3; bé day:

Khéi luong ly hop (kg): 2,235
Cong suat tiéu thu (W): 10,23
Dién tro cudn day (Q): 0,818

b=15
Khe hé luu chat: 0,8

V6 cé dinh: RR=54.5, L =30,7
Vo di dong: R=52,7, L =199

Diéu khién toc dp dpng co ding ly hop MRF

Sau khi t6i wu ly hop d& xudt v6i rang budc mé men
truyén dong 1a 10 Nm, tir dit liéu bang 3, ly hop mau dugc
ché tao dua trén két qua cac bién thiét ké da duoc t6i vu. Bé
danh gia kha ning lam viéc cta ly hop MRF, hé thng thi
nghiém diéu khién van téc dau ra cua ly hop co tac dong cua
tai duoc bé tri nhu hinh 6. Trong do chuyen dong quay tur
dong co AC servo qua hop glam tbe toi dau vao cia ly hop.
Pau ra cua ly hop dugc két ndi voi tai. Cam bién mé men
cling dugc b tri giita truc ra cua ly hop va tai dé do luong
mo men tai. Tdc dd quay cua tai duoc do bang Encoder. Dé
tao ra mo men tai mong mudn, trong nghién ciru nay phanh
MREF [9] véi tai trong t01 da 10 Nm dugc st dung. Dé diéu
khién toc d6 mong mudn cua tryc tai théng qua ly hop MRE,
b6 diéu khién PID duoc si dung.
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Hinh 6. Hé théng diéu khién téc d6 dau ra cha ly hop véi van téc
mong muén: (1) ngudn dong, (2) déng co servo, (3) hop s, (4) ly
hop dé xuét, (5) tai, (6) cam bién mé men, (7) Encoder, (8) card thu
thap di lidu, (9) may tinh.

Hinh 7A va 7B biéu dién két qua thyc nghiém tdc d6 dau
ra cua truc ly hop duoc diéu khién dap img theo téc d6 mong
mudn 1a tdc do bién thién hinh sin véi tan s6 lan luot 1a 1 Hz
va 3 Hz. Trong thi nghiém ndy, m6 men tai do phanh MRF
tao ra la 3 Nm. Toc d6 dau vao cua ly hop (tbc do dong co
AC) dugc gitr. ¢b dinh 600 rpm bang bo diéu khién bién tan.
Tbe @6 thuc té dau vao cling dugc thé hién trén hinh 7A va
7B. Tt hinh 7A va 7B ta nhan théy, mic du tdc do dau vao
duoc ¢b dinh & 600 rpm, nhung tdc do vao thuc té co dao
dong kha 16n, véi sai léch 1én dén 10%. Diéu nay ciing dé
hiéu vi téc do dong co AC duoc diéu khién bang bo bién tan
va khong c6 mach phan héi toc do. Quan sat két qua téc do
dau ra cua ly hop ta nhan thay, toc do thuc té du ra rat gan
vdi gid tri mong mudn véi sai s6 trung binh 13 6%. Sai so kha
cao nay c6 thé 1a két qua khong on dinh cia cac thong s nhu
van toe goc cua truc chu dong (dong co DC), ma sat va mo
men tai trong. Trong nhitng nghién ctru tiép theo, thuat toan
diéu khién bén vitng (robust control algorithm) dugc xem xét
dé didu khién tdc do truc tai voi tai trong thay doi.
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Hinh 7. Dap (ng diéu khién téc do.
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Khoa hoc Ky thuat va Céng nghé

Keét luan

Trong nghién ciru nay, mot phuong phap méi dé didu
khién téc do cua hé thong tai dan dong boi dong co dién
thong qua hé thong ly hop luu chat dién - tir bién da dugce dé
xudt, thiét ké téi uwu, ché tao va thyc nghiém. Thiét ké ti wu
dd xem xét téi mo men truyén dong can thiét, kich thude va
khéi lugng cua ly hop MRF. Muyc tiéu cua bai toan t6i vu 1a
xéc dinh kich thudc hinh hoc téi wu cua ly hop sao cho khi
luong ly hgp nho nhét trong khi mo men truyén dong co thé
dat dugc gia tri m6 men yéu cAu, trong nghién ctru nay la 10
Nm. M6 hinh méu ctia ly hop MRF di duoc ché tao dé lam
thi nghiém danh gid. Mot hé thong diéu khién téc do dau
ra cua dong co DC két ndi véi tai thong qua ly hop MRF
va bo didu khién PID di duoc thiét ké, ché tao. Két qua thi
nghiém diéu khién téc d6 thay ddi theo quy luat hinh sin
mong mudn voi tan sé 1 Hz va 3 Hz va m6 men tai 3 Nm.
Ket qua nghién ciru cting cho thdy toc do6 didu khién dap tmg
tot v6i toc do mong mudn véi sai s6 trung binh 1a 6%. Sai
s6 nay c6 thé 1a do cac thong sé cua hé théng khong 6n dinh
nhu van tdc gbc cua truc chu dong, ma sat va mo men tai
trong.

LO1 CAM ON

Nghién clru nay dugc tai trg boi Quy Phat triér}
KH&CN quoc gia (NAFOSTED) thong qua dé tai ma so
107.01-2018.335. Nhém nghién ctru Xin tran trong cam on.
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