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CAM TA

L&i dau tién t6i xin tran trong cam on hai Thay hudng dan ludn 4n tién si d6 1a
PGS.TS. Nguyén Qudc Hung va TS. Mai Prc Pii, hai Thay d3 tan tinh hudng dan,
hd tro tdi trong sudt qua trinh hoc tap va nghién ctru cling nhu trong viéc hoan thanh
n6i dung cta luan an t6t nghiép.

Ddng thoi xin tran trong cam on Ban Giam Hiéu truong Pai hoc Su pham K§
thuat TP.HCM, phong sau Dai hoc truong Pai hoc Su pham Ky thuat, Ban Gidm Hiéu
truong Pai hoc Cong nghiép TP.HCM. Tai xin chan thanh cam on Quy Thay/Cé6 da
va dang giang day tai Khoa Xay Dung truong Pai hoc Su Pham Ky Thuat TP.HCM
da giang day, giup d& va dong gop ¥ kién cho tdi trong sudt qué trinh hoc tap va

nghién ctu cua minh.




TOM TAT

Tu dong hoa 1a mot khia canh quan trong cua Cong nghi¢p 4.0 nham cai thién
d6 chinh x4c va ning suat. Dé danh gia hiéu qua va ning suit clia qué trinh san xuét,
c6 mot sb tidu chi can xem xét: tinh on dinh, thoi gian dap ung, tiéu thy nang luong,
than thién voi méi trudng, chi phi va cong nghé... Tinh cép thiét ap dung coéng nghé
4.0 trong nhitng moi truong lam viéc doc hai ch:flng han nhu 10 phan Umg hat nhan,
phong thi nghiém hoa chat doc hai, diy chuyén san xuat va pha ché thudc trir sau,
chita chay, cac hoat dong chong khung bd, bom min, va giai phiu y té. Hé théng robot
diéu khién tir xa d3 duoc phat trién dé giai quyét van dé nay. Mot trong nhirng hé
thong do6 1a hé théng chu - t&. Hé thong nay giai quyét cac van dé voi cac tin hiéu
phan hdi nhu vi tri, luc va md men cia cic thanh phén cudi cua hé théng diéu khién
thu dong cho ngudi van hanh dé cai thién do chinh xac va hoat dong linh hoat cia hé
théng. Hién nay, cac vat liéu théng minh va ting dung cta chung dang phat trién rat
manh mé& nhu Piezo, Electrorheological Fluid (ERF), Shape Memory Alloy (SMA)
va Magneto-Rheological Fluid (MRF). Luu chét tir tinh (MRFs) 13 vat liéu thong
minh dugc ng dung rong rai cho hé théng phan hdi luc vi cd nhirng wu diém nhu
dap ting nhanh, tiéu thu nang luong thép, tao luc va m6é men lon. Tuy nhién, trong
cac hé théng phan hoi luc st dung MRF van con mot s6 ton tai nhu két ciu qua céng
kénh do co ciu tac dong dé xudt chua dugc tdi uu hoa, lyc ma sat & trang thai chua
duogc giai quyét. Vi vy, trong ludn 4n ndy, tac gia tip trung nghién ctru va phat trién
cac co cAu mdi co tinh ning MRF dé tao ra mé men, luc c6 thé diéu khién dugc, sau
d6 duogc 4p dung trong cac hé thong phan hdi luc. Ludn 4n bao gdm cac ndi dung
chinh sau:

e Phat trién MRF hai chiéu dya trén co cau tac dong BMRA cho hé thdng phan
hdi luc. Luc dé cung cap md men xodn c6 diéu khién dugc hai hudng, co thé
giam duoc md men ma sat ban dau, giai quyét hién twong that nit co chai so

v6i co cau BMRA trude day.




Tbi vu hoa cac théng s6 hinh hoc cia cau hinh BMRA dé xuat bang phuong
phap tdi wu First Order. Bén canh do, sit dung tdi wu hoa da muc tieu NSGA
dé khao sat tinh wu viét ciia cAu hinh dé xuit so v6i cdu hinh di nghién ciru
truge do.

Phat trién hé thdng joystick 3D phan hdi luc st dung cac BMRA va phanh
MRF tinh tién (LMRB) duoc dé xuit.

Xay dung mé hinh toan va cac bo dicu khién cho cac hé théng phan hoi luc dé
danh gia kha ning cta hé thong.

Phat trién phanh sir dung MRF (MRB) v6i roto bién dang phuc tap dé c6 kich
thudc nho gon 4p dung cho tay may xuac giac 3D.

Phat trién tay may xuc giac 3D st dung MRB c6 bién dang phirc tap va LMRB.




ABSTRACT

Automation is a key aspect of Industry 4.0 to improve accuracy and
productivity. To evaluate the efficiency and productivity of the production process,
there are several criteria to take into consideration: stability, response time, energy
consumption, environmental friendliness, cost, and technology... The urgency in the
application of technology 4.0 is essential in hazardous working environments such as
nuclear reactors, toxic chemical laboratories, pesticide production and preparation
lines, fire fighting, anti-terrorism activities, mines, and clearance Medical surgery.
Remote control robot systems have been developed to solve this problem. One of
those systems is the master-slave system. This system solves problems with feedback
signals such as position, force, and torque of the passive control system end
components for the operator to improve accuracy and flexibility operation of the
system. Currently, smart materials and their application have been developing very
strongly such as Piezo, Electrorheological Fluid (ERF), Shape Memory Alloy (SMA),
and Magneto-Rheological Fluid (MRF). Magnetic fluids (MRFs) are smart materials
that are widely applied to force feedback systems because of their advantages such as
fast response, low energy consumption, large force, and torque generation. However,
in the force feedback systems using MRF, there are still some shortcomings such as
the structure is too cumbersome because the proposed impact mechanism is not
optimized, the friction force in the state has not been resolved. Therefore, in this
thesis, the author focuses on research and development of new mechanisms featuring
MRF to generate controllable torque/force, which is then implemented in the force
feed-back system. The thesis includes following main contents:

e Development of a bidirectional MRF based actuator (BMRA\) for the feedback
system. Force to provide a controllable torque in both directions which can
eliminate frictional torque, solving bottleneck problems compared to previous
BMRA mechanisms.




Optimization of the geometric parameters of the proposed BMRA
configuration by the First Order optimization method. Besides, using NSGA
multi-target optimization to investigate the overall performance of the
proposed configuration and compared to the previously studied configuration.
Development of a 3D-force-feedback joystick system using two of the
proposed BMRASs and a linear braking featuring MRF (LMRB).
Constructing mathematic models and controllers for force feedback systems
to evaluate the system's capabilities.

Development of MR brake (MRB) with a complex-shaped rotor to archive
compact size for a 3D haptic manipulator.

Development of a 3D haptic manipulator featuring complex-shaped rotor
MRBs and a LMRB.
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Chuong 1
TONG QUAN

1.1 Giéi thiéu vé luru chat tir bién.

Luu chét tir bién (Magneto Rheological Fluid — MRF) [a mét dang luu chat thay
d6i céc tinh chat luu bién nhu d6 nhét, tng suat chay dudi tac dung cua tir truong, 12
mét trong sb cé4c loai vat liéu thdng minh (Smart Materials) thdng dung trong k¥ thuat.
Luu chit nady c6 kha ning chuyén tir trang thai long sang dang trang thai sét
(Semisolid) khi c6 tir truong di qua luu chat. MRF da duoc Jacob Rabinow nghién
ctiu tai Cuc tiéu chuan quéc gia Hoa Ky vao cudi nhitng nim 1940s [1]. MRF bao
gom chat long nén, cac hat tir tinh phan cuc va chat phu gia. Cac hat tir tinh phan cuc
c6 vai tro co ban trong cac hiéu tng cua tir truong bén ngoai dwa vao. Chat phu gia
duoc dung dé giam bét sy lang dong cua cac hat tir tinh, vi su lang dong cua hat tir
tinh anh huong kha 16n dén kha nang luu bién cua MRF. Bac diém tir tinh caa MRF
bao gdom tng suat chay déo, do nhét sau chay déo va do ling dong [2, 3]. Tinh luu
bién nay phu thudc vao cac tham sb bién ddi khac nhau nhu ty trong hat tir tinh, loai
hat tir tinh, mat do cac hat tir tinh, cudng do6 tir truong, nhiét do, tinh chat cua chat
long nén va loai chat phu gia [4]. Tinh luu bién cia MRF nhu d6 nhét, tinh dan hoi
hay tinh déo cia MRF phu thudc vao tir truong di qua luu chat. Khi tir truong di qua
Iuwu chat thi céc dac tinh cia MRF dugc biéu dién qua mé hinh Bingham [5].

Tuy da dugc phat minh tir nhitng nam 1940s, nhung mai dén nhiing nam 1990s
thi MRF mai dugc tng dung va phét trién manh mé trong nhiéu linh vyc nhu cong
nghiép 6t6, hang khong vii try, ki thuat xay dung, an ninh quéc phong, quang hoc,
dién - dién tur, k¥ thuat y khoa, robot, vién thong, hé thong diéu khién tir xa, trong cac
moi truong khac nghiét...

1.2 Pic diém MRF.
1.2.1 Thanh phan chinh MRF.

MRF gom ba thanh phan chinh d6 1a: hat tir tinh (1), chat 16ng nén (2), chat phu
gia, duoc thé hién bai Hinh 1.1
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Hinh 1.1: Thanh phan chinh MRF.

4 Ca4c hat tir tinh cia MRF hién nay duoc st dung nhu sat, hop kim sat, oxit sat,

nitrat sit, cacbua sat, sit carbonyl, niken va coban [6, 7]. Trong d6 hat phan &ng tir
thuong duoc st dung dé ché tao MRF 1a sit carbonyl. Ung suat cuc dai cia MRF dat
duoc khi cuong do tir truong ap dung vao MRF lam cho bdo hoa tir cua cac hat tur
tinh duoc xac 1ap. Do d6, vat liéu tir tinh co do tinh khiét cao nhu bot sit carbonyl
duoc xem Ia pha tir tinh chinh cho hau hét cac san pham MRF trong thuc té [8]. Khac
véi sit carbonyl, hop kim FeCo va hop kim FeNi ciing duoc st dung 1am vat liéu tir
bién, nhod vay Fe gop phan vao bdo hoa tir cao. Nguoc lai, mot s6 vat lidu sat tir nhu
Mn-Zn Ferrite, Ni-Zn Ferrite va gém Ferrites ¢4 bdo hoa tir thap nén chi thich hop
cho cac ung dung tng suét thap [6]. Kich thuéc hat tir tinh trong MRF thuong nam
trong khoang 0,1-10 um.

4 Chat long nén dugc sir dung trong MRF ¢6 thé 1a dau silicon, dau khoang, dau
parafin, dau thuy luc, chat long hitu co nhu halogen, diesters, polyoxyalkylen, silic
fluoride, nuéc va dau hydrocarbon tong hop [7]. Trong céc bang sang ché trudc, céc
nha phat minh d3 str dung cac hat tir tinh phan tan trong dau hydrocarbon cé ty trong
nhe [9] & chét long, chat lam mat, khi chdng oxy hda, dau m& ban ran [1] va dau
Silicon, chat long Clo, Fluoride [10].

Khi cac hat tir tinh ling dong thi dap &ng caa MRF bi suy giam dang ké. Do d6
dé giam su lang dong thi cac san pham méi cia MRF dugc xem xét trén cac pha lién
tuc cua do nhét [11] tir d6 d6 on dinh duoc cai thién rat nhiéu. Ngoai ra, mét MRF
hdn hop da duogc gidi thiéu boi Pan va cac cong su [12], véi su két hop cua céc hat

sat, gelatine va chat long nén. Ho da chi ra rang céc dap ung cia MRF vuot troi dudi
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cudng do tir trudng thap va co do on dinh tét hon so vai chi ding carbonylpowder sit
nguyén chat.

4 Chit phu gia thém vao nham lam giam su ling dong cua cé4c hat tir tinh trong
MRF [13]. Hién tuong ling dong cd thé gay ra hién twong suy giam do nhot cia MRF
[14]. Khi sy ling dong cia MRF ting 1&n thi dudi tac dong cua wng suit cao va téc
d6 cit cao trong mot thoi gian dai 1am cho chat long sé dac lai [15]. Hién tuong ling
dong nay s& lam giam hiéu suat caia MRF, khi d6 cac hat cua luu chét ling xuéng tao
thanh maot 16p ctiing, bao gém cac hat so cap lién két chac chan dan tsi hinh thanh
chudi khong hoan chinh [16]. Lép pha polymer cho cac hat tir tinh cling anh hudng
dén kha nang tir tinh cua céc hat, nhung né lai 1am cho cac hat tir tinh dé dang phan
tan lai sau khi tur truong khong tac dung [17, 18]. Tuy nhién, ciing lam suy giam tng
suat cat caa MRF khi thém nhiéu 16p phu polymer [19, 20]. Ngoai ra, mot s6 chat phu
gia dugc thém vao MRF dé cai thién kha nang chdng oxy hoa hozic chéng mai mon.
Cac thanh phan trén sé& tao thanh mat hon hop dong nhat ma né quyét dinh dén ing
suit chay déo Ion nhat, @6 tir tham. Vi vay, néu c6 su khac nhau vé ty 18 cac thanh
phan trén s& cho ra cac loai MRF khac nhau nhu Bang 1.1.

Bang 1.1: Thanh phan cac MRF cua hang Lord Corporation (M).

Loai MRF MRF-122EG | MRF-132DG | MRF-140CG
Do nhét (Pa.s), (40 °C) 0,042+ 0,020 | 0,112 0,02 | 0,280 % 0,070
Ty trong (g/cmd) 2,28 2,98 3,54
Ty 1€ hat tir (%) 72 80,98 85,44

Nhiét do hoat dong (°C) - 40 dén + 150

Cuong d6 tir trrong (KA/m) 150 - 250
Ung suat déo (kPa) 50 - 100
Thoi gian dap ung Vai ms

1.2.2 Nguyén ly hoat dong MRF.

Khi MRF ¢ trang thai binh thuong (khi tir truong khéng di qua MRF), cac hat
tir tinh chuyén dong tu do, MRF ting xir nhu luu chat Newton (Hinh 1.2 a). Khi MRF
& trang théi co tac dung cua tir truong bén ngoai vao thi cac hat tir tinh s& gan két va

sap xép lai v&i nhau theo hinh dang phan bé cua duong sic tir. Cac hat tir nay c6 kha
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nang chdng lai su pha v lién két, lam cho luu chat sét lai. Khi cuong d tir trudng o
muc thap thi sy phan bd céc hat tir tinh chua 13 rang (Hinh 1.2 b), con khi cuong do
tir treong cao thi sy phan b cac hat tir tinh s& dinh hinh rd rang hon (Hinh 1.2 c).
Kha ning lién két cua cac hat tir tinh phu thudc rat 16n vao cuong do tir trudng bén
ngoai tac dung vao MRF.

T truong ap dung

L

Luu chat MR
(hat tir tinh) 1

o) ® o0
cseses ecer  idd

Q o
B=2=0-02, m
b)
Hinh 1.2: Céac trang thai MRF.
1.2.3 Céac ché dd lam viéc caa MRF.

Dua vao dic tinh caa MRF thi c6 ba ché d6 1am viéc cia MRF di duoc nghién
ctiu [21] @6 1a: ché @6 dong chay (valve mode), ché do truot (shear mode) va ché do
nén (squeeze mode).

4+ Ché d@j dong chay: ché do dong chay duoc st dung thiét ké van MRF, trong
d6 dong chay ciia MRF duoc b tri ¢ giira cac tim dung yén biéu dién bai Hinh 1.3.
Tur truong duge dua tir ngoai vao cd hudng vudng géc vai hudng caa dong chay cua
MRF (Hinh 1.3 a), nham dé thay doi cac tinh chat luu bién cia MRF dé kiém soat
dong chay. Do d6, su gia ting (ng suat hoac do nhdt 1am thay dbi ciu hinh van téc
cua chat long gitra hai tim ¢ dinh. Bién dang van toc dién hinh véi mé hinh déo

Bingham cuia ché do van duoc thé hién boi Hinh 1.3 b




Chuong 1

Duong stre tir TAm ¢6 dinh 4Y
A A A A A
[ ! Lo | Ving chay déo
. | - L) L L) L) L) 1 ! ‘
\‘ L) T L) L L l1
> St S ¢
s 00 e X
_’l 1 Vung chay déo
S S e e
MRF Tam c6 dinh ; L N
a) b)

Hinh 1.3: Ché do dong chay caa MRF [22].
Véi Hinh 1.3 b thi bién dang van toc chira ving trudc chay déo, trong dé do
déc van tdc bang khong trén viing cadm. Cau hinh van téc cia MRF giita hai ban song

song duoc biéu dién bang quan hé sau [44]:

wo) =2 () () - (20 (1-1)
W) = () () @2
u3(y) _ #(%)1/n [(dT_6)1+1/n B (#)1+1/n] (1_3)

Trong d6: n = 1, u1 va us 1a bién dang van téc cua cac ving dong chay sau chay
déo tiép giap véi cac tam chan, uy 13 bién dang van téc trén mién gan ving trung tam
hay viing cam; & 1a do day ving cam la tham sé chinh caa dong chay. Khi viing cam
tang thi do day trudc chay déo ciing tang, do d6 han ché dong chay qua 6ng dan, lam
gia tang sut 4p. Ché d6 van duoc sir dung nhiéu trong tng dung nhu b giam chan,
van va céc bo truyén dong [23].

A. Grunwald [24] va céc cong su di thiét ké ché tao co cdu van dung luu chat
MRF132-AD. Vi ap suat dugc kiém soat giam xudng nho 0,05 MPa tai 5 cm3/s. Do
tré ctia van cao 1én dén 25 ms, cu thé 1a can 150 ms dé giam &p suat tir 1,0 Mpa xuéng
0,25 Mpa va khoang 200 ms dé giam tir 1,7 MPa xudng 0,25 MPa. Tuy nhién, kha
nang dap tng va thoi gian phan hoi can cai thién hon nita, ¢d thé duoc sir dung MRF
loai khac dap tng tot hon, nghién ctru nay 1am co s& cho cac nghién ctru phat trién

trong tuong lai sau nay.
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Hinh 1.4: Van MRF. [24].
“ Ché d cat: & ché do nay thi MRF nam giita hai bé mit, theo d6 mot mat truot
hoic xoay so v&i mat kia, vai tir truong duge dit vudng goc véi hudng chuyén dong

cua cac bé mit duoc thé hién trén Hinh 1.5.

DPuong strc tir Tam di chuyén
g8 4 A A A
= I =
S
i | I E
MRF Tam c¢d dinh

Hinh 1.5: Ché do cit cuaa MRF [22].

Spencer va cong su [25] da cai tién mo hinh tré caa Bouc-Wen trong thiét ké
giam chan MR. Hon nita, Wereley va cong su [26] d& dé xuat mot cach tiép can khong
giéi han dé md hinh hda céc loai giam chan khéac nhau (ché do tuyén tinh, quay va
giam chan). Lee va c4c cong su [27] dé xuat md hinh cat Herschel- Bulkley dé phan
tich hiéu suat cua cac hé thong giam xoc cha dong. Ché do cat duoc sir dung trong
thiét ké giam chan, phanh, ly hop...

E. Garcia va cac cong su [28] phét trién mot mau chan ngua gia biéu dién boi
Hinh 1.6 bao gdm giam chian MRF (MRD), phanh MRF (MRB) va céc khép dac biét
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nham m0 ta lai hoat dong cua chan con ngwa. Uu diém cua hé nay giam duoc 20%
luc ham dau gdi khi hoat dong. Tuy nhién muc tiéu hao ning luong twong ddi 16n.

«— Giam chéan MRF

Co cau /

déu gbi \

Co cau / \\ O Dau

hong Z y go1 Phanh
MRF

Cocau__~§&

mat ca

Hinh 1.6: Mau thiét ké cua E. Garcia [28].
4 Ché do nén: ché do nén cia MRF thé hién trong Hinh 1.7. Ché d6 nén hoat
dong khi huéng luc tac dung 1én céc tam cung hudéng cua tir trudng nham dé giam
hodc ma rong khoang céach gitra cac tim song song gay ra trong dong chay.

Puong stre tur

1 A A A A 4 1
T T 7 1 | +Timd
<::|.;I' ! ! ——— =
MRF —; | E oo
L. ! L,y &Tamdo
1 1 1

Luc tac dung
Hinh 1.7: Ché d6 nén cua MRF [29].

Céc chuyén vi trong ché d6 nén tuong dbi rat nho (vai milimet) nhung doi hoi
lyc 16n. Do d6, cac nghién cau c6 hé thong da dugc thuc hién boi nhiéu nha nghién
ctru dé danh gia cac tinh chat co hoc va dién cua MRF trong dong chay nén. Mic du
trén thuc té 12 md hinh déo Bingham duoc st dung dé mo ta hoat dong caa chét long
MRF & ché do cat.
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Kulkarni [29] khdng khuyén khich sir dung mé hinh dé & ché do nén. Céc tham
s6 duoc thur nghiém tir ché do cét khdng duoc dung trong tinh toan ung xi MRF &
ché do nén. Ung suat duoc tao ra boi ché d6 nén 1a tng suat cao nhat trong sb cac ché
d6 cua MRF va duoc su dung trong cac trueong hop rung dong giam xoc véi bién do
thip va luc tac dong 16n. Trong cach ly dao dong cua hé thdng, dao dong khdng mong
mudn trong dai tan sé teong dbi cao co thé suy giam bang cach sir dung cac co cau
su dung MRF.

Zhang Li va cac cong su [30] da thiét ké ché tao van giam &p s dung MRF, kha
nang giam ap suat 1én dén 10,8 Mpa véi dong dién cung cap cho cuon day 1a 1,0 A
va ty lé tiéu thu dién nang thap 1/400. Do d6, thiét bi nay cung cap mat giai phéap thay
thé day hta hen cho cac hé thong thay luc hodc co dién tir, nhung hiéu suat nhat thoi

va do tré cua thiét cling 13 nhitng han ché.

Hinh 1.8: Van MRF dya trén ché do nén [30].
1.3 Tinh hinh nghién citu hé théng phan hai luc hién nay.
1.3.1 Nghién ciru trong nwérc.

Hién nay, cac nghién ctru lién quan dén hé thdng phan hdi luc trong nudc con it
quan tdm, nhu nghién cau lién quan hé tay may Master va Slave sao chép chuyén
dong diéu khién tir xa (Tele-Manipulator) cua tac gia Tir Diép Cong Thanh [31].
Nghién ctru ndy tap trung vao thuat toan diéu khién hé thdng, ap dung bo diéu khién

PID két hop v6i mang than kinh nhan tao. Chuc ning diéu khién chi thuc hién sao
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chép chuyén dong. Cac thiét bi nghién ciru cua dé tai chi 1a mé hinh thi nghiém nho,
khong dé cap dén viéc tng dung trong méi trudng thuc té. Ngoai ra, dé tai chi gioi
han viéc sao chép vi tri ma khong d& cap dén viéc phan hdi théng tin vé luc tir co cau
chap hanh cua tay may slave 1én ngudi diéu khién.

Nguyén Ngoc Diép va cong su [32] da thyc hién dé tai “Nghién citu, thiét ké va
ché tao mo hinh tay may sao chép chuyén déng va phan héi lic ” biéu dién boi Hinh
1.9. Nghién ciru [32] 1a mot tay may cong nghiép 3 bac tu do dang elbow (khép ndi),
tay may Master duoc thiét ké 1a sao chép lai kich thuéc chudi dong cua tay may bi
dong. Bang viéc sur dung bd diéu khién PID, hé thdng sao chép chuyén dong tur tay
may Master qua tay may Slave rat tot, tuy nhién kha nang phan hdi luc tir IGc dau 1am
viéc cua tay may Slave 1én nguoi diéu khién tay may Master chua tot do lyc ma sat
I6n va do bai todn nguoc dé xac dinh mé men tai cac khép cua tay may khong cé 1oi

giai tuong minh.

Hinh 1.9: M6 hinh tay may 3 bac tu do [32]

1.3.2 Nghién ciru nwéc ngoai.

Hién nay trén thé gisi da c6 rat nhiéu nghién ciru vé co cau phan hoi luc va mot
s6 nghién ctu da duoc thuong mai hoa. Trude day, hau hét cac co ciu phan hdi luc
déu sir dung cac dong co dién va co cau khi nén dé phan &nh lyc va mé men trong
moi trudng 1am viée 18n nguoi diéu khién [33, 34]. Nhuogc diém co ban cua hé thdng
phan hdi dung dong co dién, khi nén 1a két cau cong kénh, thoi gian dap (g cham,

tinh co dong khdng cao. Trong nhitng nam gan day, voi nhitng phat trién manh mé
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cua viéc nghién ctu va tng dung vat liéu thong minh dic biét 1 MRF, di c6 mot sd
nghién ciru vé co cau phan hdi luc dung MRF.

K. H. Kim va céc cong sy [35] da nghién ctru va ché tao ban tay phan héi luc 5
bac tu do dung 5 phanh MRF thang (Hinh 1.10). Két qua nghién ctru chi ra rang, hé
thdng phan héi luc co kha nang phan hoi lec 18n cac ngon tay ngudi diéu khién tuong
dbi tt 18n t6i 8 N nhung lyc tinh ban dau (Off-state force) kha 16n 2 N, diéu nay anh

huong rat 16n dén sy phan anh trung thuc luc tac dong dén tay nguoi didu khién.

gon tay

o

i/ 4
7
: Chudt vi

tinh

Hinh 1.10: M6 hinh phan hdi lrc K. H. Kim [35].
Scott Winter va Mourad Bouzit [36] da nghién ctru ché tao gang tay phan hoi
lyc ding 5 co cau phanh MRF thang (Hinh 1.11). Kich thuéc co ban caa mdi phanh
MRF 14 50x12x12 mm, lyc 16n nhat tao ra 12 6 N. Tuy két cdu da nho gon hon, nhung

lyc dau ban khong tac dong cia co cdu nay van con kha 16n 1,5 N.

Hinh 1.11: M6 hinh ging tay Scott Winter [36].
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Conrad Bullion va Hakan Gurocak [37] da nghién ctiu ché tao ging tay phan
hoi luc dung 3 co cdu phanh MRF dang quay dé phan hdi lec 1&n ngon céi, ngon tro
va ngon giira cua ngudi diéu khién (Hinh 1.12). Kich thuéce co ban cia mdi phanh

MRF 14 D = 25 mm, L = 15 mm, lyc 16n nhat tao ra 1a 17 N tai dau cac ngon tay.

Hinh 1.12: Giang tay phan hoi lyc dung phanh MRF [37].

Berk Gonenc [38] di phat trién hé phan hdi hdn hop bao gdm phanh MRF dang
tang trong két hop véi dong co DC servo thé hién bai Hinh 1.13. Hé théng nay mo
phong lai viéc cit md cho cac loai kéo phau thuat nhung chi c6 mot bac ty do nén
chua thé &p dung cho cac thao tac phuc tap cua viéc phau thuat tir xa. Thiét ké nay
sau khi téi vu hinh hoc c6 mé men cua phanh dat 1,5 Nm con ca hé téi dala 1,77 Nm.

- Lat md

Moi trueong ao
- Kéo mo phong

Hé thong phan
hdi luc

Hinh 1.13: M0 hinh thir nghiém cua Berk Gonenc [38].
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Doruk Senkal va cong su [39] da nghién ciru ché tao co cau khép quay phan hoi
lyc da huéng ding phanh MRF dang cau biéu dién bai Hinh 1.14. Buong kinh qua
cau phanh 1a D = 76,2 mm m6 men tao ra 1én d&én 3,7 Nm. Tuy nhién, hé nay khéng
thé diéu khién md men riéng ré theo mdi phuong, két ciu phuc tap va luc tac dong
khong phan héi 1én tay nguoi diéu khién.

Can diéu khién

Hé théng vi tri
quang hoc

Cam bién luc

MRB dang cau

Hinh 1.14: Co c4u phan hdi luc ding phanh MRF cau [39].

Dapeng Chen va cac cong sy [40] da phat trién co cau phan hoi luc dang cau
3D dung MRF thé hién boi Hinh 1.15. Nghién ciru [40] ¢6 uu diém hon [39] la két
c4u nhé gon hon mé men dau ra cao hon cu thé 12 5,9 N, hé nay c6 thé khdng ché tat
ca cac bac tu do va diéu khién luc theo nhiéu huéng. Vi vay, co cau nay chi phil hop
v6i moi trudng ao phire tap va thich hop véi diéu khién da huéng. Tuy nhién hé van

con nhuge diém d6 1a luc ma sat ban dau khé I6n 18n téi 4 N.

Driver dong
co DC
Ngudn DC
Khung
- \ -
Cocidu  Co cdu ciu Cambién  Khépndi Décd dinh Dong co DC
Joystick MRF lwc/mod men

Hinh 1.15: M6 hinh thu nghiém Dapeng Chen [40].
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Li W. H cling cac cong su [41] dd dua ra co cau phan hdi luc joystick 2D voi
hai phanh quay st dung MRF thé hién béi Hinh 1.16. Cac phanh nay c6 théng sé co
ban 1a D = 156 mm, L = 21 mm, md men tao ra tir 0,7 Nm dén 6 Nm. Cac phanh duoc
st dung van la cac phanh truyén théng (cac cudn day quan & vo ngoai) va viéc ti uu
ho4 hinh hoc chua dugc xem xét nén két cau phanh con kha I6n. Trong nghién ciu
nay, tac gia di s dung cac MRB dé tao md men phan hoi, nguoi diéu khién chi cam
nhan duoc luc tac dong khi thue hién chuyén dong can diéu khién do vay khi can diéu
khién khong chuyén dong luc tac dong khdng phan hdi 1én tay nguoi diéu khién.

Can diéu khién

Hinh 1.16: M6 hinh phan hdi luc joystick 2D [41].

Nguyen P. B va cac cong su [42] da thiét ké va ché tao co ciu joystick 2D biéu
dién bai Hinh 1.17 ¢6 phan hoi luc, sir dung co cu quay hai chiéu dung MRF. Béi
v6i hé nay thi md men ma sat c6 thé duoc khir va hé thdng cé thé phan anh duoc mod
men rat nho 1én tay ngudi diéu khién do d6 nguoi diéu khién cé thé cam nhan duoc
lyc tac dong ngay ca khi can diéu khién khong chuyén dong. Tuy nhién van nhu cac
nghién ctru trude Kia, kiéu quan day truyén théng (cudn day b tri & mat tru caa vo)
dan toi hién tuong that nat ¢o chai va viéc tdi wu hoa hinh hoc chua dwgc xem xét

nén két cau hai chiéu con khé I6n, mé men phan hoéi khong cao (1,2 Nm).

13
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Hinh 1.17: M6 hinh phan héi luc 2D caa Nguyen P. B [42].

Oh J S va cac cong su [43] da thiét ké va ché tao hé thong diéu khién c6 phan
hoi lyc 4 DOF g dung vao hé théng phau thuat biéu dién boi Hinh 1.18. Vé ban
chat, nghién ctu nay l1a sy phat trién tiép theo cua nghién ciru do Nguyen P B [42] va
cac cong su thuc hién. Oh J S va cac cong su da sir dung lai co ciu joystick 2D duoc
dé xuat bai Nguyen P B [42] dé phan 4anh md men lac trong mit phang ding (pitch)
va md men quay (roll) caa ro b6t phau thuat, bén canh d6 bé tri thém hai ly hop dung
MRF (MRC) d phan anh md men lic trong mat phang ngang (yaw) va luc tiép can
doc theo hudng miii ciia dung cu phau thuat. Tuy nhién, van nhu cac nghién ctu trudc
day, mé men cta phanh dung trong nghién cuu nay khdong cao nhé hon 2 Nm. Hon
nira viéc gan mot khoi lwong 16N 18n can diéu khién ciing gy sai 1éch rat I6n luc phan

hoi dén tay nguoi diéu khién do anh huéng caa trong luc va luc quan tinh.

Cam bién
lyc/momen 6D
Dong co . o Co‘ca‘iu hai
DC < chiéu MR

giam toc

Hinh 1.18: Hé thong phan héi luc 4 DOF [43].
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1.4 Két luan.

Théng qua tinh hinh nghién ciu, tng dung cia MRF trong thuc té, md hinh toan
va co s& ly thuyét tinh toan cho MRF dugc nghién ctiru khé nhiéu bai cac nha nghién
ClrU trong va ngoai nudc. Trén co sd co cau hai chiéu cia Nguyen P. B [56], chung
t6i nghién ctu phat trién co cu tac dong hai chiéu mai sir dung MRF ¢6 nhirng wu
diém méi va khic phuc dugc mot sé nhuoc diém cua co cau Nguyen P. B [56]. T
co cAu hai chiéu méi két hop véi phanh MRF tuyén tinh da dwoc nghién ctu trude
d6 nhom phat trién mot hé théng joystick 3D phan hdi luc ¢ nhitng tinh ning moi
dap tmg duoc mot s6 yéu cau cia hé thong phan hoi luc.

Bén canh do, tac gia con dé xuat cdu hinh phanh luu chat MR méi (MRB) ¢6
bién dang dia phanh phic tap nham giam khéi lugng phanh va ting mé men dau ra.
Tir d6 mot hé thong tay may 3D phan hoi luc dugc xay dung va phat trién cho céac
ing dung diéu khién tir xa sau nay.

Tat ca céc co cau tac dong duoc dé xuat déu duoc tién hanh phan tich, tinh toan,
t61 wu hoa cac thdng sé hinh hoc két hop véi rang budc caa hé thong. Viéc ché tao va
thuc nghiém kiém tra két qua thuc té cua cac co cau so véi md phong duoc tién hanh.
Cac hé théng phan héi luc st dung co ciu dé xuat dugc xay dung va diéu khién dé
dam bao lyc phan hdi nhu mong mudn.

1.5 Muc tiéu nghién ciwu.

1.5.1 Muc tiéu chung.

Phat trién hé thong phan héi luc 3D véi cac co cau tac dong ding MRF ¢6 kha ning:
- C6 kha nang phan héi chinh xac luc 3D (Fx, Fy, F,) 1én tay ngudi diéu khién.
- Giam thiéu téi da anh huong cua luc ma sat 1&n tay ngudi diéu khién.
- Pénh gia kha nang dap ung cua hé thong phan hoi lyc.

1.5.2 Muc tiéu cu thé.
- Phét trién co cau tac dong hai chiéu (BMRA) ding MRF ¢6 kha ning khtr ma

sat ban dau véi khdi lugng cia co cu 1a nho nhat tng voi mé men dau ra la

I6n nhat theo yéu cau cua hé thong phan héi luc thong dung.
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Phat trién phanh MRF tuyén tinh (LMRB) c6 kha ning kiém soét luc doc truc
dé ap dung trong céac hé théng phan hoi luc.

Phat trién hé théng phan hdi luc 3D dya vao su két hop cia BMRA va LMRB.
Phat trién phanh MRF bién dang rang (MRB) v&i muc dich 1a giam khéi luong
va ting mé men dau ra cia MRB.

Phét trién tay may phan hdi luc 3D dua vao su két hop cia MRB va LMRB.

1.6 Pham vi nghién ciu.

Hé théng phan héi lec 3D.

Luu chét nghién ctu 1a MRF132-DG
Vit liéu ché tao C45, Inox 304.

Tbc do diéu khién cham khoang 2 rad/s.
Bo diéu khién ap dung PID, SMC.

1.7 Phwong phap nghién ctru va cach tiép can.

Phuong phap sé: tng dung cac phuong phép t6i wu nhu phuong phap dao ham
bac nhat, phuong phap ti wu toan cuc, phuong phap téi wu héa da muc tiéu
NSGA-II. Sir dung bo diéu khién don gian PID, diéu khién hién dai SMC,
Noron, Fuzzy dé diéu khién lyc phan hoi mong muén.

Dbi twong nghién ciru 1a cac co cau tac dong st dung MRF duoc (ng dung
trong cac hé thong phan héi lyc cu thé 1a BMRA, LMRB, MRB.

Céc két qua tdi wu va thuc nghiém trén md hinh thuc té duoc so sanh véi cac
nghién cau trude dé Kiém tra tinh dung dan va do tin cay caa phuong phap dé
XUuat, cu thé do 1a khéi luong, md men déu ra, tiéu hao nang luong, kha ning

g dung cua céac hé thong dé xuat.

1.8 Tinh méi caa dé tai.

Céc diém méi cuia nghién ciru ndy so vai cac nghién ciru trude:

Phat trién co cau quay hai chiéu MRF loai méi khac phuc dugc mét sé nhuoc
diém ctia cac co cau hai chiéu trude day nhu: hién teong thit ¢d chai cua duong
sic tir; khir md-men ma sat ban dau; thoi gian dap ang nhanh phi hop cho &p

dung trong hé théng phan hoi lyc.
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Két hop cac phuong phap t6i uu hién dai NSGA-II véi cong cu ciia ANSYS
dé giai quyét bai tdi vu da muc tiéu d6 1a khdi luong cuc tiéu va md men cuc
dai ctia co cAu hai chiéu ap dung cho hé thdng phan hdi luc.

Phat trién co cau phanh MRF vai roto bién dang rang nhiam ting mo men
phanh, giam khéi lwong dé &p dung trén cac tay may phan hdi luc.

Thiét ké, ché tao, xay dung mé hinh toan hoc, diéu khién va thuc nghiém hé
thng tay may toa do cau phan hdi lyc dung hai phanh quay MRF (MRB) va
mét phanh tinh tién MRF (LMRB).

Thiét ké, ché tao, xay dung mé hinh toan hoc, diéu khién va thuc nghiém hé
théng joystick phan hoi luc 3D ding hai co cau quay hai chiéu MRF (BMRA)
va mot phanh tinh tién MRF.

Mot dong gop nita cua dé tai tuy khong c6 nhiéu y nghia khoa hoc nhung rat
c6 ¥ nghia thyc tién d6 1a viéc xay dyng md hinh thi nghiém. Hé thng thi
nghiém do tac gia xay dung c6 thé duoc sir dung cho c&c nghién cuu tiép theo

vé hé théng phan hdi luc.
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Chuong 2
CO SO LY THUYET

2.1Cac dac tinh co ban cia MRF.

& Dgc tinh tr tinh tinh: 1a mot trong dic tinh rat quan trong dé ap dung cho bat
ky co cAu nao sir dung MRF, duoc dic trung boi quan hé giira mat do tir thong (B)
véi cuong do tir truong (H), do tré cia MRF. Thong qua cac dic tinh tur tinh cua
MRF, chiing ta c6 thé du doan dugc wng suat cat caa MRF phu thudc vao dong dién
ap dung cho co cau. Duégi anh huong cua tir treong, moét md hinh toan dugc xay dung
dé du doan wng xtr cia MRF. M6 hinh nay dua trén mot khéi gom céc chudi cac hat
duogc sap xép theo mot duong thang theo hudng cua duong sic tir [44] nhu Hinh 2.1.
Cac chudi hat tir tinh dugc coi 1a bién dang cung khoang cach gitta cac cap lan can
trong chudi va tang cung téc d6 khi MRF bién dang. M6 hinh nay kha don gian vi
cac chudi trong thuc té duoc hinh thanh tir mot sé khdi tdng hop nhé gon hon, trong
d6 duogc cau thanh dudi dang hinh tru. Dudi (g suat cat thi cac chudi nay bién dang
va cudi cing bi pha v&. Phuong trinh chuyén dong cua mdi hat dudi mét tir truong 1a
can thiét ¢é danh gia tinh chat khdi cia MRF.

’”~ "\\
Luc tac 9 ........................... L.
L (W 1
dung > Nao?
¥ -
M A
.................. { *, !
- _.\.‘.‘\-. ‘I ,
Hat tir 9 I A Hudng
, el 1 ‘
tinh Y duong

- - 3
R strc tir
A g
’.“- ’l

Hinh 2.1: So d bién dang cua chudi hat MRF.

O mot tir treong rat thap, tenxo luc tir Fij thu duoc dudi dang ludng cuc cua cac

tuong tac cua cac cap, mé men tur ludng cuc gay ra bai cic hat khac va cac vung xung
quanh hinh thanh nén mot khéi khéng bi bién dang va bi ¢6 lap dudi mot tir truong
d6ng nhat duoc dua ra boi [45].
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Khi d6 Fij dugc xac dinh nhu sau:

__3 2 Tij 21y 1
Fij = Pr— [m E - S(mT'U) E + Z(mru)m %:I (2-1)

Trong do:
- Fijla tenxo luc tur tAc dung I€n hat th i t6i j;
- up 12 d6 tham tir cta hat tir tinh;
- uo 12 d6 tham chan khong;
- rijlavitri tir hat j d&én i;
M6 men tir ledng cuc (my) gay ra cua cac hat trong MRF dugc tinh toan bai [21]:
my = 4m. pspofa’. H (2-2)
Trong do:  H: cuong do tu truong;
a : duong kinh cua cac hat tur tinh;
e d0 thim dic trung cua chat long nén.

Hp—Hf
= = 2-3
B =ik (2-3)

O tir trudng cao, cudng do cia mé men duogc coi 1a ludng cuc doc 1ap khi tir hoa cua
c4c hat dat dén bao hoa. Trong trudng hop nay, mé men tir duoc tinh toan bai [50].

m, = gnaz,uSMs (2-4)
Véi pugM; 1a tir hda bdo hoa caa hat, doi véi sat khoang 1,7x10° A/m va d6i véi MRF
14 0,48x10% A/m.

T tinh cua MRF dai dién kha niang cho phép tir thdng chay qua luu chét, dic
trung boi do tir tham p. Do tir tham p 12 ti 1¢ gitra mat do tir thdng (B) va cudng do tir
treong (H) di qua vat liéu.

B=uH (2-5)
Vo6i  B:mat do tur thong;
H: cuong do tu truong;
H: do tir tham.
Trong thuc té, do tir tham p khong phai 1a mot hiang s6 nén d6 thi biéu dién méi

quan hé giita B va H 1a mot ham phi tuyén biéu dién bai Hinh 2.2. Tir day ta ciing
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nhan ra rang, mot yéu té khong kém phan quan trong khi n6i vé tir tinh caa MRF d6

chinh 1a @6 b&o hoa tir. B6 béo hoa tir 1a kha nang tir héa cuc dai cua MRF.

2.0+
1.54 eevsivareeseares iHHHHMUIBEIIBHID SRR ufpngeisapisagssiap
1.5 iz
1.04 . ’ / MRF.12200
—_ [ 7 ~
[ ~ 7
A ok b “MRF-122-26D
0.5 !
0.51/
0.0 0.0 . : : )
0 2 4 6 8 10 0 500 1000 1500 2000
H (kA/m) H (kA/m)
a) Quan hé gitra B-H cua thép. b) Quan hé gitra B-H cua MRF.

Hinh 2.2: Quan h¢ gitra B-H [46].

Khi MRF ¢ trang thai bao hoa tir thi Iuc d6 cho du cuong do tir treong co ting
1én bao nhiéu di nira thi mat do tir thong van dat mot gia tri cuc dai lic bdo hoa tu.
Thong thuong MRF c6 d6 bdo hoa tir trong khoang 1,65 T (Tesla). Tur tinh cuia MRF
chiu anh huang nhiéu yéu té nhu mat do céc hat tir tinh, kha niang tir hda cua cac hat
tur tinh, nhiét do...

Dé xac dinh duogc tir trudng di qua khe MRF, ta c6 thé gia cong mot khe du nho
sao cho cam bién hall cd thé dat vao vi tri d6. Tir truong di qua khe luu chat s& di qua
cam bién hall, tir d6 thiét bi doc dit liéu tir cam bién hall s& xac dinh tir truong tai vi
tri 6. Tuy nhién, trong thuc té viéc do tir truong chi duoc thuc hién trude khi bom
MRF vio, do ¢6 muc dich chinh 13 kiém tra kha ning tao ra tir truong cia cac cuon
day. Mit khac, mé men duoc xac dinh tir cac yéu td d6 nhét, tng suét cat... ma cac
thong s nay phu thudc vao tir trudong, nén thay vi do tir truong truc tiép thi ta co thé
thong qua md men dau ra thuc té dé xac dinh duoc hiéu suat tao ra tir truong. Luu ¥
khe hé gan cam bién hall phai vira khit voi cam bién hall néu khe ha 16n thi tir truong
khong di qua dugc ma chay duong khac nhu vay do khong chinh xac.

+ Ddc tinh dé nhét: khi MRF ¢ trang thai khong c¢6 tir truong thi d6 nhot dong
vai trd quan trong nd quyét dinh dén van tbc, mé men dau ra cua thiét bi hay co cau

tac dong, dong thoi con anh hudng dén nhiét d6 cua thiét bi. o nhét cua MRF chiu
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anh huong bai hai yéu té d6 1a do nhot cua chat 1ong nén va mat do cac hat tir tinh.
Diy ciing 1a mot trong nhitng thdng sé luu bién dugc sir dung dé xac dinh dic tinh
g xtr cua vat lidu phi Newton [47]. Phuong trinh d6 nhét trén co so ly thuyét thay
dong luc hoc cho sy phan tan cua cac hat tir tinh da duoc Einstein phat trién:
n, =1+ 2.5¢ (2-6)

Trong d6 #r 1a @6 nhét twong d6i cua luu chat va ¢ 1a thé tich caa cac chat hoa
tan hoac cac hat hinh cau. Viéc bé sung cé4c hat ran vao chat long s& 1am ting luong
hat va lam ting phan thé tich cua cac hat. Do d6, khi phan thé tich cua cac hat ting
Ién s& 1am tang do nhét cua chat long.

Theo Shook [47] mat d6 ti da cuia cac hat ¢,,,, nén duoc két hop trong méi
quan hé gitra do nhot va mat dé nhu sau:

_ @
nT - (1_@)2.5¢max

(2-7)

Tuy nhién, d6 nhét khéng phu thudc vao kich thudc hat ma thay vao do phu
thuoc vao hinh dang hat va mat do chat ran. Do d6, Toda va Furuse [53] d¢3 mé rong
phuong trinh (2-7) dé thoa mén (ng xtr do nhét cua sy phan tan tap trung cho cac hat

nho va l6n dugce dua ra boi:

_ 1-05¢

T = ey (2-8)
_ 1+0.5k¢-0 )
Tr = Gk a-0) (2-9)

Trong d6 k 1a hé s hiéu chinh phu thudc vao kich thudc va mat do cua céc hat
ran. Do nhét caa chat long co thé duoc tang 1én véi lwong bd sung cua cac hat ran.
Tuy nhién, &ng Xt cia chat long s& thay doi va khong con tuan theo thudc tinh cua
chat long Newton.. N6i chung, (ng suat cit tang theo toc d6 cit (du/dy) thudng

dugc biéu thi bang mdi quan hé:

T=71,+7 (Z—;)n (2-10)

Vi 7, 1a ing suat cat, n 1a do nhét dong va n 1a hiang sé.
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Chat l6ng Newton xay ra khi 7, = 0 va n = 1. Do nhét cia chat l6ng Newton
khong phu thudc vao thoi gian va toc do cat. Su phan loai chat long chu yéu dya trén
cAc tinh chat luu bién cia luu chét d6.

+ DPgc tinh tng suat chay déo: Ung suat chay déo la mot trong nhitng dac tinh
quan trong nhat trong cac thudc tinh caa MRF. N6 quyét dinh lec, mé men sinh ra
ctia co cau khi co tir truong di qua [5]. CAc hat tir tinh s& quyét dinh dén d6 bdo hoa
tir cuia MRF, nén no quyét dinh dén ¢ng suit chay déo caa luu chat. Bong thoi mat
d6 hat tir tinh ciing anh huong dén (g suat chay déo cua Iuu chat. Tuy nhién, mot sé
nha nghién ctru da thuc nghiém va chi ra rang khi ting mat do cac hat 1én thi d6 nhot
cua luu chit ting I&n nhanh hon rat nhiéu so véi ting Gng suat chay déo.

Diéu nay anh huong tryc tiép dén ti 1¢ gitra luc hoac md men dau ra cua thiét bj
O trang thai co tu truong va khdng ¢ tir treong. Khi kich thudc cia hat tir tinh tang
Ién ta co thé dat duoc (rng suat chay déo 16n nhat ddng thoi giam duge do nhot.

+ P¢ bén: MRF sau mot thoi gian dai hoat dong dudi ung suat, toc do cat cao
thi d nhét cua no ¢ trang thai khéng cé tur truong s€ tang 1én va sau mot thoi gian
tao thanh mot 16p day va luu chat hoan toan cd thé mat di nhitng dac tinh ban dau. So
di xay ra hién twong nay la sau mét thoi gian hoat dong cac 16p vo cua céc hat tir bi
V& ra tao thanh nhiéu manh nho 1am giam kha nang tir tinh cia MRF. Giai phap cho
tinh trang nay 1a sir dung cac hat c6 do cting cao, thay doi chat phu gia hoic chat long
nén dé tang tinh chdng mai mon cho cac hat tir tinh.

2.2 M6 hinh toan &p dung cho MRF.

MRF 14 mét dang luu chat phi Newton, dic biét khi 6 tir truong tac dong vao.
Hién tai c6 mot s6 md hinh phi tuyén da duoc st dung dé mé ta tinh chat cia MRF
bao gdm cac mod hinh nhu: Bingham, Biviscous, Herschel-Bulkley va Erying. Mic
du dd c6 mot s6 md hinh dugc phat trién va ap dung cho MRF nhung mé hinh phd
bién nhat dugc sir dung rong rdi voi do chinh xac cao va chi phi tinh toan hop Iy 13
mé hinh déo Bingham [5] dwoc biéu dién bai Hinh 2.3.

M6 hinh déo Bingham 14 trudng hop gom céc phan tir déo cang lién két véi cac

phan tir chat nhot Newton. Ung suét cit ti 18 thuan véi toe do cat va xac dinh bai [5]:
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T =1,(H)sgn(y) + ny (2-11)
Trong do:

T: (ng SUAt cat; T,,: ing suat chay déo;

sgn: ham dau;

n: d6 nhét sau chay déo;

y: toe do cat cua luu chat.

» Q

Ung suat cit (1)

r

Téc do cit (y) ]
Hinh 2.3: M6 hinh luu chat Newton va Bingham [5].

Trong thyc té thi cac thong sb nay chiu anh huong béi tir trudng. Theo Zubieta
da d& xuat md hinh cia MRF dua trén md hinh déo Bingham 1a co ban két hop Véi
mo hinh déo Herschel-Bulkley va sau d6 duoc &p dung cho mét s nghién ciru [5].

+ Cac tinh chat Iuu bién cuia MRF dugc x4c dinh bang cong thac sau [5]:
Y =Y, + (Y — Yi,) (2e 7By — ¢ ?Pasy) (2-12)
- Y: thdng s luu bién cuia MRF nhu (ng suat chay, do nhét, thong sé do dac,
hé sb luu chat. Gia tri tham s6 Y ¢6 xu hudng tir Yo dén gia tri bdo hoa Yy,
- agy: chi s6 md men bio hoa ciia tham s Y.
- B: mat d6 tir thdng duoc dat vao MRF. Céc gia tri cua Y, duoc xac dinh tir két
qué thuc nghiém thong qua sir dung phuong phap duong cong Xap Xi.

Céc thong sb luu bién cua MRF nhu ¢ng suét chay (t,,), 6 nhét (1) duge xac dinh
theo (2-12) nhu sau:
Ty = Ty + (Tyo — Tyoo) (27 5%ty — e725%ty) (2-13)
1= o + (g — Poo) (26751 — 72B%u) (2-14)

23



Chuong 2

Bang 2.1. Gia tri thdng s6 luu bién cua MRF.

Loai MRF M® hinh Bingham
1o = 0,1pa.s; e, = 3,8Pa.s; a5, = 45T ;1,0 = 15pa
MRF-132DG
Ty = 40000 pa; ag,, = 2,9 T-1
to = 0,29 pa.s; o, = 44 Pa.s; ag, = 5T 10 = 25 pa
MRF-140CG
Tyeo = 52000 pa; ag,, =3 T-1

2.3 Tinh todn md men ma sat trong rdnh MRF.

Dé x4c dinh mé men ma sat do MRF gay ra, tac gia xét mot phanh MRF quay

st dung MRF véi dang dia phuc tap (bao gom rénh thang va ranh nghiéng) thé hién
baoi hinh Hinh 2.4. Cac vang tinh m6 men dugc tinh tai cac vi tri (1),(2),(3)

®

Thén phanh

B% Cuon day
Bia phanh
B Luu chit MR

Truc phanh

Hinh 2.4: Két cau phanh MRF bién dang phuc tap.

@ :Vi tri ranh Iuu cht trén ranh mat dau (ranh luu chit c6 phuong hudng kinh)

@ : Vi tri ranh luu chét trén rdnh mat try ngoai.

@ : Vi tri ranh luu chit trén rinh nghiéng.

Dé don gian trong viéc phan tich va tinh toan luc, mé men do MRF tao ra thi cac gia

thiét sau duoc ap dung:

Dong luu chat khong bi nén va chuyén dong on dinh theo 16p;

B6 qua tac dung cua trong luc va luc ly tdm cua phan tir MRF;

Van téc hudng tam, hudng kinh bang khadng;

Luu chit duoc xem nhu tiép x(c hoan toan véi dia va khong bi truot;
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Khe luu chat nho nén dong luu chat duge xem nhu phat trién hoan toan, khéng
ton tai ving ran va bo qua chuyén dong doc truc.
2.3.1 Md men ma sat trén ranh mat dau (1).

Xét phanh dia don nhu Hinh 2.5a, dia quay vé&i van téc o (rad/s), MRF duoc
dién day giita than vo va dia phanh. Trén vo phanh b tri cudn day khong tir tinh ¢
bén trong vo va dia s& dugc gan chat vai truc phanh khéng tir tinh.

Cac thdng sb hinh hoc co ban cua phanh quay gom:
- R Iaban kinh phanh; Ro 1a ban kinh ngoai dia; Ri & ban kinh trong dia phanh;
- ba 12 bé day dia; d 1a bé day khe MRF mat (1); do 12 bé day khe MRF mat (11);

- he & chiéu cao cuon day:; be 1a bé rong cuon day; L 1a bé rong phanh.

I
[ TT[RY
N\ do
l \ éj SD . bia phanh

/7,

7

q

N \ \
! § \§ \\§ § Thén vo phanh
! § p b B Cuon day
| i\ Luu chat MR
] \ N N
| ; sm &;\\ \\\ Truc phanh
- - / he % Phét chan MRF
i 2 @
R

a) Cau hinh phanh MRF.

b) Phan tir tinh toan MRF.
Hinh 2.5: Két cau phanh MRF dia don.

Pé xac dinh md men sinh ra ciia phanh tai vi tri (1), ta xét mot phan tir vong tron

nho dr ciia MRF trong khe luu chat gitra dia va vo nhu Hinh 2.5b (duoc gioi han boi
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hai ban kinh Ri téi Ro) thi mé men ma sét tic thoi cua phan tir nay tac dong Ién phanh
duoc tinh theo cong thuc [49]:
dT = 2mr?1,edr + 2nrt,9dz (2-15)
Trong do:
- r: béan kinh cua phan tir MRF tai vi tri dang xét;
- 1T, GtNQ SUAt tAc dung 1én dia phanh;
- T, Gng sut tac dung lén vo phanh.
M6 men tao ra tir khe luu chét tac dung 1én mot mat cua dia khi d6 tinh boi:
T = 2m. f;;o r27,9.dr + 2m1? fod T,9.dz (2-16)
Déi véi phanh dang dia trén thi kich thuéc khe luu chat d rat nho so véi ban kinh Ro
cua dia va tng Suat 7, rat nho so véi tng suat 7,4, phuong trinh (2-16) viét lai:
T = 2m. f:;o r27,.dr (2-17)
Pé don gian trong viéc tinh toan, ta gia thuyét mat do tir thdng qua khe luu chat
la hing sb va gia tri trung binh cua mat do tir théng duoc &p dung thi khi 6 méd men

duoc tinh nhu sau:

_ 2MpeqR g (RO)™H 2Ty (p3 | p3 -
r= (n+3)d [1 (Ro) ](D + 3 (RO + Ri) (2 18)

V6i fleq, Ty 1an luot 13 cac thong sb luu bién cua luu chét.
2.3.2 M6 men ma sat trén ranh mat tru ngoai (11).

D6 vé6i vi tri mat tru ngoai c6 kich thuéc khe MRF 1a d,,. Chl 'y rang mat do tir
thong qua khe luu chat & mat tru ngoai cua dia rat it do vay Gng suat sau chay déo
cua MRF ciing rat nho nén cé thé bo qua. Véi céc tinh chat trén thi mé men ma séat
tac dung 1én mat tru ngoai (11) cua dia duoc tinh boi [49]:

Ty = 2M. RGbyTg, (2-19)
Trong d6 Tg, la tng sut tac dung lén thanh mit tru ngoai cua dia.
2.3.3 M6 men ma séat trén ranh nghiéng.
Trong phan nay ching t6i dwa ra phanh quay MRF c6 bién dang dia phirc tap

bao gém vira c6 ranh thang va ranh nghiéng nhu Hinh 2.6. Do d6 viéc tinh mé men
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ma st do MRF gay ra trén dia bao gdm trén ranh thang va ranh nghiéng, trong d6
viéc tinh trén ranh thiang da duoc gidi thiéu & phan trén. Do d6 tac gia chi di xac dinh
md men sinh ra trén rdnh nghiéng cua phanh. Dé tinh todn mé men ma sat do MRF
trén rénh nghiéng tao ra thi ta xét mot phan tar 5ng MRF nho dr trong ranh nghiéng
duoc biéu dién nhu Hinh 2.7.
Cac thdng sb hinh hoc cha yéu cua phanh bao gom:

- rlaban kinh cua phan tir rdnh nghiéng;

- R1, Rz 1a ban kinh nhd, ban kinh 16n cua 6ng nghiéng MRF dbi véi truc;

- Lala khoang céch déc ddi véi tryc;

- L la chiéu dai cua khe déc va ¢ 1a goc khe dbc vai truc quay.

R2 -
Vo phanh  Cudn day
o
Truc khong \
tir tinh R r
{ |C La
Phét chin }
MRF | =
| £
|
}—‘ Khe lvu  Pia phanh ,
chit - Rt
Hinh 2.6: Két cau MRB. Hinh 2.7: Phan ti tinh toan MRF.
M6 men ma sét &p dung cho phan tir ndy duoc tinh nhu sau [50]:
dT = r.tdA = 2nr?1.dl = 2m. (R, + lsing)?t.dl (2-20)
Theo m6 hinh déo Bingham &p dung cho MRF theo hudng doc truc thi ta co:
‘L'=‘L'y+,u.? =1, + u.w (2-21)

Thay thé mot sb bién duogc xac dinh thi biéu thirc (2-21) duoc viét lai nhu sau:

T = 2m [/ (Ry + Ising)?r.dl = 27 [[(R, + Ising)?. (7, + p “E22) dl (2-22)

2.4 Lwe ma sat trurot co' cau tuyén tinh ding MRF (LMRB).
Xét mot phanh tuyén tinh st dung MRF ¢6 cau tao nhu Hinh 2.8, LMRB bao

gom mat truc phanh chuyén dong tinh tién trén hai bac trugt va phan cach véi vo
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phanh bang 16p méng MRF, hai cuon day duoc bé tri nam hai bén trén vo phanh, cac
O-ring cao su ngin cho MRF khong ro ri ra ngoai. Cac thdng sé hinh hoc co ban cua
LMRB dugc biéu dign bsi Hinh 2.8.

Truc phanh \\' Thén phanh

H Puong sic tir ‘LmlchﬁfMR

Cuon day . Phét chiin MRF

Bac truot

Hinh 2.8: Két ciu ciia LMRB.
Trong d6: Rs 1a béan kinh tryc, d 1a kich thudc khe MRF, v 1a van téc tuong ddi gitra
tryc va vo, L 1a chiéu dai cua dng MRF, R 14 ban kinh LMRB.
Khi d6 luc ma sat truot sinh ra do LMRB duoc tinh [51]:
Fsq = 2m.RsL(ty + p.v/d) = 2m. uR;Lv/d + 2m. R¢Lt,, (2-23)
2.5 M6 men ma sat gitra phét cao su va truc.
2.5.1 Phét cao su (Leafseal) véi truc quay caa phanh MRF.
Déi véi phanh quay Hinh 2.8 tac gia sir dung phét cao su 10 xo, vi vy md men ma
sét giira phét va truc duoc tinh theo [52]:
Tss = 0,65(2R;)*w/3 (2-24)
- Ts: m6 men sinh ra do ma sat caa phét véi truc (Oz —in);
- Rs: ban kinh truc (inch);
- tbc dd quay cua truc (vong/phut)
Chay:
1 Oz-in =0,0070615518 (Nm);
11in=0,0254 m.
2.5.2 O-ring véi truc phanh tuyén tinh MRF.
Déi véi phanh tuyén tinh Hinh 2.11 tac gia st dung giodng cao su tron (O-ring), Vi

vay mO men ma sat gitra phot va truc dugc tinh theo [53]:
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For = feLo + frAy (2-25)
Trong do:
- Lo la chiéu dai bé mat tiép xtc cua phot chan;
- f. 1a ma sat trén mot don vi chiéu dai caa chu vi truc;
- fn 12 luc ma sat caa phét do &p suat chét long trén mot don vi dién tich chan;
- Arladiéntich chan.
2.6 Phwong phap giai bai toan tir tinh cia MRF.

Trong nghién ciru ndy, md men tac dong cua co cau ding MRF tao ra chu yéu
boi do nhét va tng suat chay déo cua MRF. Hai tinh chat nay phu thudc rat nhiéu vao
d6 16n caa tir thong di qua luu chat. Vi vay, dé tinh toan dugc md men phanh sinh ra,
chdng ta phai giai quyét duoc bai toan tur truong cia MRF cho mé hinh nghién ciu
dugc dé xuat. Thong thuong, dé giai bai toan vé tir trudng c6 2 phuong phép giai:

+ Phuong phap giai tich.
+ Phuong phéap phan tir hitu han.
2.6.1 Phwong phap giai tich.

Chung ta biét ring mé hinh héa hé théng dya trén MRF 1a di két hop phan tich
dién tir va phan tich hé théng luu chat [22]. Muc dich cua viéc md hinh hoa thiét bi
dua trén MRF la tim ra mdi quan hé gitra ning lugng dién tng dung (thuong la dong
dién ap dung cho cudn day) va cong suat co hoc dau ra nhu ap cho van MR, Iyc giam
chan MRB, md men cho phanh MRF va md men xoan truyén cho ly hop. Dé giai
quyét md hinh hoa céc thiét bi dua trén MRF thi trugc hét phai giai quyét mach tir
cua cac thiét bi dya trén MRF. Mach tir duoc phan tich bang dinh luat Kirchoff tir
tinh nhu sau:

2 Hi L = Neyrns! (2-26)

Trong d6 Hk 1a cudng do tir trudng trong lién két thir k caa mach tir; Ik 1a d6 dai
hiéu dung cua lién két; Nwms 12 56 vong cua cudn day; | 1a dong dién &p dung.

Quy tic bao ton tir thdng cua mach tir duoc dua ra boi [22]:
® = B,. A, (2-27)
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Véi @ 14 tir théng cua mach; By, Ax lan luot 12 mat do tir théng va dién tich mat
cit ngang cua lién két thi k. Pang cha ¥ 1a cang sir dung nhiéu lién két thi két qua
tinh toan cang chinh x4c nhung diéu nay 1am tiang chi phi tinh toan. O tir trudng thap,
mat do tur thong Bk ty 1€ thuan véi cuong do tir truong Hy nhur sau:

By = popxHy (2-28)

Trong d6 uo0 1a do thim tir (o= 47.107 Tm/A) va zk 1a 6 tham tir twong ddi cua
vat lidu lién két thir k. Khi tir truong 16n thi kha ning phan cuc cua vat liéu tir tinh
giam dan va vat liéu nay gan nhu tir tinh bdo hoa. Quan hé gitra mat do tir thdng va
cudng do tir trudng thuong 12 phi tuyén va duoc sir dung dé thé hién tinh chat tir cua
vat liéu.

O tir trudng thap xem xét mdi quan hé tuyén tinh thi mat do tir théng va cuong

do tir truong cua lién két thi k cia mach tir dwoc tinh toan nhu sau:

_ HoNturns!
By =5— na (2-29)
_+Z._ , LR
K L-1,L¢kuiAl.
_ Nturns!
H, = - (2-30)

%+Z£L#k];gh
Gia str tr tinh cua céc vat liéu twong duong nhau (u; = u, = -+ 4, = ) khi do

mat do tir thong va cudng do trudng tac dong Ién MRF duoc tinh xap xi nhu sau:

— WNtyrns1
er ~ lnr + lz.liAmr (2'31)
[ N Y,
_ Nturns!
Hmr - UmrAmr v b (2-32)
lmr + ZLA.
H i

Trong d6 fpy, K 12 do tir tham tuong d6i cua MRF va vat liéu ché tao cho cac
thiét bi sir dung MRF twong (ng. Céan luu y rang tir tham caa MRF nho hon nhiéu so
Vvéi vt lidu cac chi tiét cua co cau dung MRF, khi d6 cuong d6 tir treong lién két cua
MRF duoc tinh gan dung:

Hpyy = Sitrnes (2-33)

lmr
Hang sb thoi gian quy nap (Tin) VA micc tiéu thy dién ning (W) cia céc thiét bi
st dung MRF dugc tinh nhu sau:
Ti = Lin/Rw (2'34)
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N =IR, (2-35)
Vé&i  Lin la dg tir cam cua cudn day (L;, = _lems)
Rw 1a dién tro khang caa cuon day duoc tinh xap xi:

R, =Lyt = Nturns'n"d_cAL (2'36)

w
Lw 12 chiéu dai cua cuon day;
rw: dién tro trén mot don vi chiéu dai cua cudn day;

dc : dwong Kinh trung binh day;

Ay : dién tich mat cat ngang cua cudn day;

r : dién tro suat cua cuon day;

Nurs = Ad/Aw; (Ac: dién tich mat cat ngang caa cudn day).

Trong nghién ctu nay tac gia duwa ra mot md hinh phan tich mach tir cho co céu
hai chiéu sir dung MRF (BMRA) mai duoc thé hién trén Hinh 2.9.
Céau tao BMRA bao gom: (1) truc 1; (2) truc 2; (3) truc dau ra BMRA,; (4) 6 lan truc
2: (5) 6 lan tryc 1; (6) cudn day: (7) vo phanh; (8) dia 1; (9) dia 2; (10) khe MRF.

8 109 7 8 9 10
173 |
M T e
5 s = 11
4 1 12
13
3_| % |
4 | g : 14
ppu— | ""L-;— 15
1 " i
. 16
b) '

Hinh 2.9: M6 hinh tinh toan mach tir cia BMRA.
Nguyén ly hoat dong caia BMRA nhu sau: tir dong co bén ngoai thong qua bd
truyén banh riang con s& dan dong hai truc (truc 1 va 2) quay cing téc do nhung nguoc

chiéu, do hai dia (8, 9) duoc lap cb dinh trén hai truc nén hai dia nay ciing quay cling
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tbc do nhung nguoc chiéu. Cac cudn day duoc b tri ¢ hai bén mat dau cia BMRA,
MRF duogc dién day giita khe hd cua cac dia va thin BMRA.

Mach tir cia BMRA duoc xac dinh boi Hinh 2.9b, véi m6 hinh don gian nén
tac gia chia thanh 16 phan tir, trong d6 11, 13 va 15 1a cac phan tt MRF va céc phan
tr khac 1a cac phan tir vat liéu tir tinh. Theo dé tir théng duoc chia thanh ba nhanh,
luong tir thdng nhéanh 11 dugc du kién 13 khong dang ké vi né di qua hau hét phan tu
MRF, c6 d tir thAm cao va khoang cach dai hon nhiéu so véi cac phan ti khac. Do
d6, lugng tir thdng nhanh 11 duoc xem xét s& khdng anh hudng dén két qua tinh toan.
Tir Hinh 2.9b thi phuong trinh (2-25) duoc Viét lai nhu sau:

@ = B1A1 = B2A2 = B3As = BsA4 = B12A12 = B14A14 = BisA1s = BisAis

@ = BaiAg1 = BsAs = BsAs = BoAg = BioA1o

@ = B11A11 = Ba2ii Arain =

Bai Aal = B7A7 = B13A13 = Bi2iA12i

Voi @ = @, + Oy (2-37)

Phuong trinh (2-26) duoc viét lai nhu sau:
Hail: + Halz + Hsls + Hala + Halan + Hsls + Hele + Holo + Hiolio + Hailia +Ha2mlizn
+ Hizliz + Hislia + Hislis + Hislis = Ne.l

Hil1 + Halz + Hslz + Halsa + Haila + H7lz + Hazliz + Hizillizr + Hi2li2 + Haalia +Haislis

+ Hislis = Ne.l
. w tk—Wc R¢i—R; Rco—Rei
Tron dO: l =_Cl =_+_l =,
g 1 2’ 2 2 2 » L3 2 )
l — _ tk=we, l _ Rg—R¢o l — _ Rg—R¢o
4111 2 4] — 2 4 2
do R—Rd—do tk_WC
l5 = ?, l6 = > + > 5 l7 = l8 = lg = WC;
__d+dp | R—Rg—dyp bg Rg—Rco
Lo =4% 4 iy = do; Ly = 25 1y =
10 2 2 » M1 0 *12111 2’ 121 2
_ Ra—Rco _ _ _ _ Rci—Ri | dp
li = 2 slhis=d; Ly =he lis =d; Lig = 2 +7

Ay = 2nR;(R;; — R;)
A1 = Aour1 = Aina
Aoutz = Ainz = Apurs = Aipa = 2. tk(Rci - Ri)
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Aoutarnt = Ain7 = Aouer = Ain1z = Aouerz = Ainzin = ”(Ré — R%,)
Aouta = Ains = 2.tk Ry

Aouest = Aing = 2. (Rq + do)

Aouesit = Aing = Aoues = Ain11n

Asuts = Ao = Aouto = Ainio = TR* — m.(Rq + do)?
Aguesit = Aing = Aoues = T(Rq — do)* — TR

Asutior = Aini1 = Aourr1 = Ainizr = T(Rq + do)?* — TR
Aout1s = Aim

Agutiz = Ammia = TR,

Aguera = Ainrs = T. R

Aoutie = Ain1s=T. (Rgi - Rlz)

Uu diém cta phuong phép giai tich 1a don gian vi ding cong thuc tinh toan s&
cho két qua chinh xac nhung nhuoc diém cia phuong phap nay la khi cac mit cit
khac nhau hoac vat liéu khac nhau thi phai chia nhé nén tinh toan khé khan va do
chinh xac khdng cao.

Phwong phap phan tir hiru han.

Déi voi bai toan mach tir giai bang phuwong phap giai tich, ta phai chia nhé mach
tir thanh cac phan tuong tng cd dién tich Ax va chiéu dai twong ung lx. Dé ting d6
chinh xéc thi sé lugng mach tir can chia nho nhiéu hon gay kho khan khi sir dung
phuong phap giai tich. Vi vay phuong phap phan tir hitu han tich hop trong phan mém
ANSYS véi mé dun c6 thé giai dién tir truong sé gilp ta xac dinh duoc mat do tir
thong di qua khe luu chat. Khi st dung phuong phap nay, dé kiém soét tt viéc chia
luGi theo mong mudn, tac gia dung phan tir tir giac cho tat ca cac phan tir (phan tu
d6i xtng truc PLANE 13) ctia phan mém ANSYS. Mudn vay, céc dién tich xay dung
trong mo hinh déu 1a t& giac va cac canh dbi dién trong tt giac phai duoc chia c6 s6
phan tir bang nhau. Khi chia ludi cang nho thi két qua cang chinh xac, tuy nhién thoi
gian tinh toan s& 16n. Vi vay viéc xac dinh sé luong phan tir trén mdi doan dé dam
bao duoc tinh chinh xac va hiéu qua cua viéc md phong ciing 1a yéu cau trong mo

phong co cau st dung MRF.
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2.7 Co sé phwong phap t6i wu hoa.

Ti wu hoa 1a bai toan quan trong trong cac linh vuc nhu k¥ thuét dién, co khi,
dan dung, h6a hoc va xay dung dé nang cao hiéu qua, giam chi phi cua két ciu...
Mot s6 cach tiép can chung dé t6i wu hoa nhu sau:

- Phuong phap phan tich;

- Phuong phap d6 hoa;

- Phuong phap sb;

- Phuong phép thuc nghiém.

2.7.1 Phan loai céc bai toan tdi wu.

Theo ham muc tiéu va ham rang bugc.
. Ti uu hoa tuyén tinh: cac ham déu 1a ham tuyén tinh.
. Ti uu hoa phi tuyén: co it nhat mot ham l1a phi tuyén.

Theo sb bién thiét ké tdi vu:

. T6i vu hoa ham mot bién: chi c6 mot bién thiét ké.

« Ti vu hoa ham nhiéu bién: c6 nhiéu bién thiét ké.

Theo tinh lién tuc caa bién thiét ké:
. Bién thiét ké lién tuc: nhiét do, van toc. ..

. Bién thiét ké roi rac: dién tich, mé men, lyc...

Theo tinh twong minh caa ham rang budc:
« Ham rang budc twong minh: 1ap duoc phuong trinh ctia ham rang budc véi
c4c bién dau vao.
. Ham rang budc khong tuong minh: khéng lap dugc ham rang budc tuong
minh vai céac bién dau vao.
2.7.2 Céac phwong phap t6i wu thong dung.

Hién nay c6 rat nhiéu thuat toan ti wu duoc &p dung, tuy vao diéu kién ban dau,
ham muyc tiéu va yéu cau dap ting ciia muc dich t6i uru hoa thi s& c6 mét phuwong phap
t6i uu thich hop nhat. Bidu ndy c6 nghia rang mot phuong phap tdi wu c6 thé thich
hop cho truong hop nay nhung khéng thich hop cho treong hop khac. Hinh 2.10 cho

thiy su phat trién cac phuong phap t6i wu c6 hai nhanh rd rang d6 1a tbi cuc bo va toi
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ru toan cuc. Phuong phép nao ciing c¢6 1oi thé khac nhau tly vao diéu kién cua bai

toan dat ra

K¥ thuét
toi wru hoa
I
y }
Phuong phap Phuong phap
xac dinh khéng xac dinh
l [
_t l I l
| Toiwuhod Téi wu hod Giaithuat | Thuat todn by |
rang buge khéng rang budc tien hoa dan théng minh
I
Quy hoach . ¥ Y
T bac2 T6i wu hod Téi wu hod Giaithuat || |Phwongphdp t6i}]
don bién da bién di truyén uu hod bay dan
Phwong phap - e
ham phat Phwong phdp Phuong phép toi], | Ph“f’ﬂg Ph’_ﬂP o), |
dao ham rru NSGA-II tru dan kién
Phwong phap - —
- giam d6 dée Phwong phéap Tl_en hﬂoa [, |
Newton’s viphin

Hinh 2.10: So d6 cac phuong phap téi wu.
2.7.2.1 Phuong phdp giam dé déc (Gradient Descent - GD).

Trong cac bai toan t6i uu héa, quy hoach tuyén tinh va bat dang thac thi thuat
toan giam d6 doc 1a mot phuong phap phé bién dé tim cac diém cuc tri dia phuwong
cuia ham sd. Y tuong ciia phwong phap hudng doc la tim ra mot phuong t6i wu ma voi
phuong d6 ham sb s& dat dugc cuc tiéu. Do d6 trong thuat toan phuong phap giam
d6 ddc lubn phai co diém xuat phat, phuong di chuyén va toc do di chuyén. Piém
xuat phat 1a diém khai tao ciia vong lap, toe do di chuyén hay con goi 1a ty 18 hoc 1a
gid tri quy dinh sau mdi vong lap s& dich chuyén véi phuong hudng doc voi do 1on
12 bao nhiéu. Phuong di chuyén chinh 1a hudng dé di dén diém cuc tri dia phuong.

Phuong phap giam do déc duoc tinh todn dua trén cac quan sat cia mot ham da
bién F(x) x4c dinh va kha vi tai cac diém l1an can a, khi d6 F(x) giam nhanh nhét khi
di tir a theo phuong cua hudng dao ham cua F tai diém a ki hiéu —4F(a) [54]

Do do Ans1 = a, — a.AF(ay) (2-38)

Véi o la toc do hoi tu du lén F(a,,) > F(a,.1). Hay n6i mot cach khac thi phan

tor @ AF (a,,) 12 phan dugc trir di tir a bai ching ta mudn di chuyén nhanh hon téi diém
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cuc tiéu dua trén phuong dao ham. Vi cac quan sat xac dinh trudc ching ta bat dau
véi mot diém gia dinh x, cho cuc tri dia phuong cta F, va xét chudi x,, x4, X, ... 530
cho:
Xp41 = X, + aAF(a,,),n =0 (2-39)
F(xgy = F(xq) = F(xy) ...

Chung ta ky vong chudi x,, s& hoi tu t6i diém cyc tri dia phuong. Chil ¥ rang
trong phuong trinh trén toc do hoi tu duogc ki hiéu 1a x,, 6 nghia 1a né duoc phép thay
d6i sau mdi bude hoi tu. Véi mot vai gia dinh vé ham F (chang han nhu F 13 ham 16i
va AF lién tyc) thi lya chon a s& dam bao ham sé hoi tu dén cuc tri dia phwong nhu
Sau:

_ (en—xpn_1)T[AF (xn)—AF (xn_1)] ]
T IAFGo)-AF (a1 (2-40)

an

Mit khéac khi F(x) 12 ham 16i thi cuc trj dia phuong chinh 14 cyc tri toan cuc nén
¢6 thé hoi tu toi diém cuc trj toan cuc khi F(x) Ia ham 16i. Thuét toan giam do dbc
cling c6 nhugc diém 1a can phai lya chon gia tri ban dau phu hop, néu qué nho thi
thuat toan s& can rat nhidu budc dé két thiic con qua 16n thi khong két thic dugc.
2.7.2.2 Phuong phdp gidi thugt di truyén (Genetic Algorithms - GA).

Giai thuét di truyén da va dang duoc ing dung dé giai quyét cac bai toan trong
rat nhiéu linh vuc ctia cudc song ciing nhu trong k¥ thuat. Giai thuat di truyén [61] do
D.E. Goldberg dé xut, sau d6 dugc L. Davis va Z. Michalevicz tiép tuc phat trién.
GA dugc hinh thanh dya trén quan niém d6 1a qua trinh tién hoa tu nhién 1a qua trinh
hoan hao va hop 1y nhat, tu qua trinh nay da mang tinh t6i wu. Quan niém nay 1a mot
tién dé dung, khong chimg minh duoc nhung phi hop véi thuc té khach quan. GA la
giai thuat tim kiém, chon lua cac phuong an t6i vu dé giai quyét cac bai toan thuc té
khac nhau, dua trén co ché chon loc cta ty nhién: tir tap 101 giai ban dau, thong qua

nhiéu budc tién hoa, hinh thanh tap 15i giai mdéi phi hop hon va cudi cung dan dén

4
.....
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Céc c4 thé ctia quan thé hién tai khoi ngudn cho quan thé thé hé ké tiép bang
cac hoat dong nhu chon loc (selection), lai ghép (crossover) va dot bién (mutation)
ngau nhién duoc 14y miu sau cac qua trinh tién hoa, cu thé nhu sau:

- Qué trinh chon loc : cac ca thé s& duoc chon loc theo d6 thich nghi dé tham
gia vao qua trinh tién hoa tiép theo. Cac ca thé c6 do thich nghi cao s& c6 kha
ning ton tai cao hon va c6 thé c6 nhiéu ca thé trong thé hé tiép theo. C4 thé
da duoc chon s€ ¢6 co hoi séng sot va di truyén lai cho thé hé sau. Vi cach
thuc hién nay, mot s6 c4 thé tot s& dugc chon nhiéu 1an va cac ca thé xau s&
bi loai bo.

- Qué trinh lai ghép: qua trinh nay thé hién bang cach ghép 1 hay nhiéu doan
gen tir hai nhiém sic thé cha va me dé hinh thanh nén mot nhiém séic thé méi
mang dac tinh cia ca cha va me. Cu thé nhu sau: chon ngau nhién hai hay
nhiéu ca thé trong quan thé. Gia sir chudi nhiém sic thé cua cha va me déu
c6 chiéu dai 1a n. Ta s& tim diém lai bang cach tao ngau nhién mot con s6 tir
1 dén n-1, diém lai vira chon sé& chia hai chudi hai nhiém sic cha - me thanh
hai nhom hai nhiém sic con 1a n1va nz. Hai chudi nhiém sac thé con lic nay
s& 12 mu1+ Ma2 VA M2 + My2. Sau d6 lai tiép tuc dua hai nhiém séac thé con vao
quan thé dé tiép tuc tham gia qu4 trinh tién hoa.

- Qua trinh d6t bién: dua nhiém sic thé con vao quan thé dé tham gia tiép vao
qua trinh tién héa. Qua trinh d6t bién 14 su thay ddi mot vai gen cia mot hai
nhiém sic. Toan tir dot bién 1am tang nhanh qua trinh hoi tu, nhung c6 thé su
tang dot ngdt khong co tac dung hodc lam hoi tu sém dan dén mot 101 giai
kém ti wu.

GA doi hoi phai xac dinh dugc: khoi tao quan thé ban dau, ham danh gia cac 10i

giai theo murc d6 thich nghi (ham muc tiéu), cac toan tir di truyén tao ham sinh san.

GA d3 duoc tng dung rong rii cho nhiing bai toan cu thé khac nhau va cho cac
van dé lién quan t6i t6i wu hoa nhu duge dung dé hoc tap luat diéu khién robot, dé tbi

wu héa cac bai toan da muc tiéu. So do giai thudt co ban dugc thé hién bai Hinh 2.11

37



Chuong 2

Y

Khoi tao dan s6

v
Panh gia do
thich nghi

Y

F 3

Dot bién

Chon loc céc thé

A

Y

Lai ghép céc thé

Hinh 2.11: Luoc d6 giai thuat GA.
2.7.2.3 Gidi thugt di truyén sap xép khdng virot tréi 11 (NSGA-II).

Chung ta di biét phuong phap NSGA (Non-Dominated Sorting Genetic
Algorithm) duoc phat trién dya trén phuong phap GA. Phuong phép nay chi khéac
phuong phap GA & buéc lya chon nén NSGA ké thira duoc nhitng wu diém cua
phuong phap GA. Tuy nhién, phuong phdp NSGA van ton tai nhitng han ché nhu:
thoi gian tinh toan cham, phu thudc tham sé diéu khién... Bé khic phuc nhiing han
ché cua NSGA, Deb va cong su da dé xuat giai thuat sap xép khong vuot troi 2
(NSGA-II) vao nam 2002 [55]. Phuong phap nay khong nhitng khic phuc duoc
nhitng han ché cia NSGA ma con dam bao su da dang va duy tri dugc c4c cé thé tét
qua cac thé hé.

Giai thuat NSGA-11 1a mot giai thuat tot duoc dung rat phd bién 1a mot phuong
phaptdi wu hda co ban. Tap tat ca cac phuong an chap nhan dugc khdng bi vuot troi
trong mién khao sat duoc goi 1a tap tdi wu Pareto. Muc tiéu cua céc giai thuat téi vu
da muc tiéu 1a xac dinh cac 1oi giai trong tap ti uu Pareto. Thuc té, viéc chang minh
mét loi giai 12 toi wu thuong khdng kha thi vé mat tinh toan. Vi vay, mot tiép can thuc

té vai bai toan téi wu da muc tiéu 1a tim kiém tap céc 1oi giai 1a thé hién tot nhat c6
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thé cua tap toi uvu Pareto, mot tap cac 101 giai nhu vay duoc goi 12 tap Pareto (tap c6
gia tri tot nhat) [62].

Kho khin chinh trong t6i vu hod da muc tiéu 1a khdng ton tai mot phwong an
t6i uu duy nhat va rat khé so sanh phuong an nay voi phuong an khac. Cac bai toan
thudng chap nhan nhiéu phuong an ma mdi phuong an 1a chap nhan duoc d6i véi mdi
ham muc tiéu dong thoi dat duoc su can ddi giira cac muc tiéu.

£ Thuat toan NSGA-11 gém cac buéc chinh:
1. Begin
t=0;
Khai tao P(t);
Sip xép khong vuot troi va tinh mat do cho P(t);
While (t > gen) do
Begin
t=t+1;
chon Q(t) tu P(t-1);
Q(t)= lai ghép trr Q(t);
Q(t) = dot bién tir Q(b);
Bién thé = P(t-1) + Q(1);
Sap xép khong vuot troi va tinh mat do cho bién thé;
P(t) = chon N cé thé tt nhat;
End;
15.  Lai giai;
16. End.

© © N o o &~ WD

L e o =
A B o

2.8 Co sé phwong phap diéu khién.
2.8.1 Bo diéu khién PID (Proportional Integral Derivative).

PID la bo diéu khién duoc sir dung nhiéu nhat trong céc bo diéu khién phan hoi
va duoc sir dung rong réi trong cac hé théng diéu khién cong nghiép. B diéu khién
PID s& xac dinh dya trén "sai léch - e(t)" gitra tin hiéu thuc té va mong muébn dé giam

t6i da sai s6 bang cach diéu chinh gia tri diéu khién dau vao. Trong truong hop khong
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c6 md hinh toan hoc vé hé thdng diéu khién thi bo diéu khién PID 1a s& bo diéu khién
t6t nhat [62]. Tuy nhién, dé dat duoc két qua tét nhat, cac thdng sé PID sir dung trong
tinh toan phai diéu chinh theo tinh chét cua hé thdng trong khi kiéu diéu khién la
gidng nhau, cac théng sé phai phu thudc vao dic thu caa hé thong.

Giai thuat tinh toan bo diéu khién PID bao gém 3 thong sé riéng biét (d6i khi
con duoc goi 14 didu khién ba khau) d6 1a khau ti 1¢, khau tich phan va khau dao ham.
Trong d6 gia tri khau ti 16 xac dinh tac dong cua sai sb hién tai, gia tri khau tich phan
xac dinh tac dong cua tong cac sai sé qua kht, va gia tri khau vi phan xac dinh tac
dong cua toc do bién doi sai s6. Vi u(t) 1a dau ra ciia bo diéu khién thi biéu thirc cia
giai thuat PID la:

u(t) = Kpe(t) + K, [ e(t)dt + Kp, %e(t) (2-41)
Céc trong do cac thong so diéu chinh la:

Kp (khau ti 18): gia tri cang 16n thi dap Gmg cang nhanh do d6 sai s6 cang I6n,
bl khau ti 1¢ cang 16n. Hé s6 ti 1& quéa 16n s& dan dén qua trinh mat on dinh
va dao dong.

Ki (khau tich phan): gié tri cang 16n kéo theo sai s6 6n dinh bi khir cang nhanh.
Doi lai 1a d6 vot 16 cang 16n: bat ky sai s6 4m nao duoc tich phan trong sudt
dap Gmg qua d6 phai dugc triét tiéu tich phan bang sai s6 duong trude khi tién
t6i trang thai 6n dinh.

Kp (khau dao ham): gia tri cang 16n cang giam do vot 16, nhung lai 1am cham
dap tng qua do va co thé dan dén mat 6n dinh do khuéch dai nhiéu tin hiéu
trong phép vi phan sai s6. Khau ti 18, tich phan va dao ham duoc cong lai voi
nhau dé tinh toan dau ra caa bo diéu khién PID.

Mot 6 tiéu chi dé kiém tra b diéu khién:;
- Do vot 16 (POT, %), POT = “"“;x—x:“’“ 100% ( Umax: Qi tri 16N nhat, ux: gia tri
dau ra dugc xac 1ap)
- Thoi gian xac lap (tx)

- Sai sb xéc 1ap (ex)
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C6 nhiéu phuong phap khac nhau dé diéu chinh vong lap PID. Hién nay c6 nhitng
phuong phap hitu hiéu thuong bao gdbm trién khai mot sé dang mé hinh xir 1y, sau d6
chon Ky, ki, ke dua trén cac théng s6 ciia mé hinh dong hoc. Cac phuong phap diéu
chinh gom c¢6 cac phuong phap sau:

& Phurong phdp diéu chinh thi cdng: néu hé thdng phai duy tri trang thai online,
phuong phap diéu chinh 1a dat gia tri dau tién cua K; va K, bang khong. Ting
dan K, cho dén khi dau ra ctia vong diéu khién dao dong, sau d6 Kp c6 thé duogc dat
t6i X4p xi Mot nta gia tri do dé dat duoc dap (ng “1/4 gi4 tri suy giam bién do”. Sau
d6 tang K, dén gia tri phi hop sao cho du thai gian xir ly. Tuy nhién, K, quéa 16n s&
gay mét on dinh. Cubi cing ting K}, néu can thiét cho dén khi vong diéu khién nhanh
c6 thé chap nhan dugc nhanh chéng lay lai dwuoc gia tri dat sau khi bi nhidu. Tuy
nhién, K, qué 16n sé gay dap tmg du va vot 15. Mét diéu chinh cip téc cua vong diéu
khién PID thuong hoi qua 16 mét it khi tién t6i diém mong muén nhanh chéong. Vai
hé thong khong chap nhan xay ra vot 16, trong trudong hop do ta can mot hé thong
vong kin giam vot 14.

Bang 2.2: Tac dong cua viéc thay doi cac hé so ty Ié.

| Thoi gian Thai gian Sai 6 q
Théng so Qua do ] ) Do on dinh
khoi dong xac lap on dinh
Kp Giam Tang | Thay doi nho Giam Giam cap
Ki Giam Tang Tang Giam déng ké Giam cap
o o o Cai thién
Kb Giamit |Giam it Giam it Khoéng tac dong ,
neu Ka nho

* Phuong phap Ziegler—Nichols: dugc dua ra bai John G. Ziegler va Nathaniel
B. Nichols vao nhiing nam 1940. Gidng phuong phap trén, cac khau K, va K, lic dau
duoc gan bang khong. Khau Kp dugc ting cho dén khi né tién ti gia tri téi han K, ma
& dau ra cua vong diéu khién bat dau dao dong . K, va P, (thoi gian dao dong) duoc

ding dé gan hé s nhu sau theo Bang 2.3
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Bang 2.3: Hé s6 Kp, Ki, Kp theo phuong phap Ziegler-Nichols.

Dang diéu khién Kp Ki Kp
P 0,50.K, - -
PI 0,45.K, 1,2.KplPy -
PID 0,60.Ku 2.Kp/Pu KpP./8

4 Phan mém diéu chinh PID: hau hét cac ¢tng dung céng nghiép hién dai khong
con diéu chinh vong diéu khién str dung cac phuwong phép tinh toan thi cong nhu trén
nita. Thay vao d6, phan mém diéu chinh PID va t6i wu héa vong lap dugc dung dé
dam béo két qua chic chan. Nhitng gdi phan mém nay sé& tap hop dit liéu, phét trién
cac mo hinh xir 1y, va dé xuat phuong phap diéu chinh t6i wu. Biéu chinh PID bang
toan hoc bang céach tao ra tin hiéu dang xung trong hé théng, va sau d6 st dung dap
g tan sb cua hé thong diéu khién dé thiét ké cac gia tri ciia vong diéu khién PID.
Trong nhitng vong l3p c6 thoi gian dap @ng kéo dai nhiéu phat, nén chon diéu chinh
bang toan hoc, bai vi viéc thir sai thuc té c6 thé kéo dai nhiéu ngay dé tim diém on
dinh cho vong lap. Gia tri téi wu thi kho tim hon. Vai bo diéu khién sé con cé chic
nang ty diéu chinh, trong d6 nhimg thay di rat nho cua diém dit ciing duoc guri t6i
qua trinh, cho phép bo diéu khién ty minh tinh ton gia tri diéu chinh tbi uu.

2.8.2 Bo diéu khién SMC (Sliding Mode Control).

Diéu khién trugt (SMC) 1a mot phuong phap diéu khién phi tuyén don gian
nhung hiéu qua. Thanh phan cua SMC can phai c6 céc thdng sé cia mo hinh dbi
tugng ciing nhu cac chin trén cua cac thanh phan bat dinh caa mé hinh. Viéc xac dinh
c4c gi4 tri chan trén cia cac thanh phan bat dinh thudng khong chinh xac. Nguoi ta
thuong dung cac gia tri hang dé ude lugng céc gia tri nay. Khi thiét ké thanh phan
diéu khién bén viing, néu viéc chon gia tri chan trén quéa 16n s& 1am gia ting hién
tugng “chattering”, lam ton hao ning luong diéu khién khdng can thiét va xay ra
nhiéu hién tuong khdng mong mudn. Con khi gié tri chan trén thyc I6n hon gia tri
chan trén theo thiét ké thi hé théng s& mat tinh 6n dinh.

Uu diém cua diéu khién truot 12 n6 it nhay vai su bién dong cua cac théng sb

ciia md hinh va anh huong cia nhidu bén ngoai. Piéu khién truot da dugc 4p dung
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kha thanh cong dé thiét ké cac bo diéu khién bén viing trong phong thi nghiém va
ing dung rong réi trong thuce tién. Tuy nhién khi thiét ké cac bo didu khién truot c6
mot s6 van dé thuong gap phai nhu sau: Thanh phan diéu khién bén viing trong diéu
khién truot c6 dang ham dau két hop vai hién tugng tré vat ly cua cac d6i twong gay
nén hién tuong “chattering” céc trang thai xung quanh mit truot. Thong thuong dé
han ché hién tuong “chattering” ngudi ta thuong thay thé ham dau trong thanh phan
diéu khién bén vitng bang ham béo hoa.

SMC c¢6 hai thdng sé thiét ké duoc lya chon 1a sy 6n dinh va hiéu suat. Tham
s6 thiét ké tha nhat 1a tham s6 bé mat truot ma cac bé mit truot thay doi theo thoi
gian [65] hoac phi tuyén [66]. Tuy nhién, quy luat diéu khién va diéu kién on dinh tro
nén kho khin hon voi mit trugt phire tap. Tham s thiét ké thi hai 1a d6 loi diéu khién
cua diéu khién khong lién tuc. Vé Iy thuyét, hé sé khuéch dai diéu khién khong lién
tuc hoat dong & ché do truot khi quy dao caa hé thong nam trén mit truot. Tuy nhién,
trong qué trinh trién khai thoi gian thuc, hién tuong nhidu xay ra, xuat hién duéi dang
dao dong khdng mong muén trén quy dao hé thdng vai tan sé va bién do hitu han,
dan dén do chinh xac cua diéu khién thip nhu hé théng co khi, ton that nhiét do va
diéu khién mét on dinh vong lap [67]. Hai ly do gay ra hién tuong “chattering” da
duogc xac dinh boi [68] d6 1a dong luc ‘khéng c6 md hinh’ cua hé thdng thuong bi bo
qua trong qua trinh thiét ké diéu khién va téc do lay mau vén co gigi han trong bo
diéu khién. Bé giam nhidu c6 mot sé phuong phap di duoc phan tich bao gém phuong
phap thich tmg do lgi chuyén ddi [69], [70] va phuong phap dya trén nguoi quan sét
[71]. Ngoai ra, do bdo hoa [16], hoic sir dung ham Sigmoid [72] thay vi ham dau
cling duoc sir dung dé giam hoac loai bo d6 nhidu. Cac phuong phap giam do nhiéu
khac dua trén SMC duoc nghién cau bai [73]. Vé co ban, bo diéu khién SMC ¢4 thé
duoc thiét ké theo ba cach tiép can sau: Dwa trén quy luat tiép can mat truot (reaching
law), dwa trén tin hi¢u diéu khién twong duong (equivalent control) va duya trén tham

s6 can trén (upper bound)[74].
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2.8.2.1 B¢ dieu khien SMC theo ludt tiép cdn mdt truot.
Xét hé théng nhu sau:
X(t) = —f(x,t) + bu(t) + d(t) (2-42)
Trong d6 —f (x,t) va b da biét, b > 0, d(t) la nhidu cua hé thng.
Mt truot cua bo diéu khién SMC dugc dinh nghia nhu sau:
s(t) = ce(t) + é(t) (2-43)
Trong d6 ¢ thoa diéu kién Hurwitz, ¢ > 0.
Sai 1éch va dao ham cua sai léch theo thdi gian gitta tin hiéu mong mudn va tinh hiéu
thuc té duoc xac dinh nhu sau:
e(t) = x4 —x(t), e(t) = x4 — x(t)
Véi r 1a tin hiéu mong muén, x(t) 1a tin hiéu thyc té.
Pao ham mat truot duoc xac dinh nhu sau:
s(t) =ce(t) + é(t) = c(xy — x(t)) + (%4 — %(t)) (2-44)
= c(y — %) + (Zg + f — bu —d)
Ap dung luat tiép can ham mi, ta cé:
s=—esgn(s)—ks, €>0, k>0 (2-45)
Tu phuong trinh (2-44) va (2-45) ta c0;
c(kg—8)+ (%4 + f —bu—d) = —esgn(s) — ks
Tu (2-44) va (2-45) ta co:
u(t) = %(esgn(s) +ks+c(ky—%)+ x4+ f—d) (2-46)
Trong luat diéu khién (2-46), tat ca cac dai lugng ¢ phia bén phai ciia phuong
trinh (2-46) 1a cac dai lugng da biét, ngoai trir nhidu d chua biét. Do d6 luat diéu khién
& phuong trinh (2-46) khong thé sir dung duoc. Dé giai quyét van dé nay, d trong
phuong trinh (2-46) duogc thay thé bang mot dai lwong da biét d.
Quy luat diéu khién cua bo diéu khién SMC duoc dinh nghia lai nhu sau:
u(t) = %(esgn(s) +ks+c(xy—0)+%,+f—d.) (2-47)

Trong d6 d. duoc chon dé dam bao hé thdng tién vé mit truot.
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Thay thé phuong trinh (2-47) vao phuong trinh (2-44) va don gian hda két qua, ta
nhan duoc:

s(t) = —esgn(s) —ks+d.—d (2-48)
Véi dc duge chon dé dam bao hé thong tién vé mat truot. Gia sir d 1a gia tri duoc
giéi han trong pham vi nhé nhat va 16n nhat ta c6:

d, <d(t) < dy (2-49)
Trong d6 d, va dy, 1a cac gii han nho nhat va giéi han 16n nhat da biét.
Tur phuong trinh (2-48), d. duocC chon nhu sau:
Khis(t) >0,5(t) = —e —ks+d,—d, muén s(t) < 0thid, = d,
Khis(t) <0,5(t) =e—ks+d,—d, muén s(t) > 0thid, = dy

dy—d dy+d R ,
Lt d,= ”2 L thi ta co:

Giasu: d, =
d. =d, —d;sgn(s) (2-50)
2.8.2.2 Bé diéu khién SMC theo tin hiéu diéu khién twong dwong
Trong bo diéu khién ché do truot, quy lut diéu khién thuong bao gdom diéu
khién twong duong Ueq va diéu khién chuyén d6i usw. Diéu khién tuong duong giir
trang théai cuia hé théng trén mat truot, trong khi diéu khién chuyén d6i buoc hé théng
truot trén mat truot.
Xét mot hé thdng phi tuyén SISO thi tu n dwoc MO ta nhu sau:
xM™ = f(x,t) + bu(t) + d(t) (2-51)
x=[x % .. x("‘l)]T (2-52)
O dayb>0,x € R%, u € R,d(t) 1a nhidu va cac yéu to khéng chac chan bén ngoai
va duoc gia dinh |d(t)| < D.
Khi bo qua nhiéu va cac yéu té khdng chac chin bén ngoai, hé dugc mé ta nhu sau:
xM™ = f(x,t) + bu(t) (2-53)
Vecto sai s0:
e=xq—x=[e & .. e®D] (2-54)
Khi d6 mat truot duoc xac dinh nhu sau:

s(x,t)=Ce=rc, +cé ++e@®D (2-55)
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OdayC=1[c; ¢; .. cpq 1]1avécto 1xn.
Chon s = 0, ta co:

SGOt) =18 + B+ H et =Cré+ B4t cyqe™ 4 x — x®
1 2 1 d

=¥t ce® +x{Y — fx,t) — bu(t) = 0 (2-56)
Luat diéu khién tuong duong duoc thiét ké nhu sau:
1 _ .
Ueq = 3 (T cie® +x{” = f(x, 1)) (2-57)

Dé dap tmg cac diéu kién caa diéu khién ché do truot s(x, t). $(x,t) < —nls|, 7= 0
thi ta chon luat diéu khién chuyén doi la:

Uy = %K sgn(s) (2-58)
V6iK=D+n
Bo diéu khién truot bao gdm luat diéu khién tuong duong va luat diéu khién chuyén
ddi dugc biéu dién nhu sau:

U= Ugg + Uswy (2-59)
Sy 6n cua hé thong:

s(x,t) = X0t cie® + 1 — f(x, t) — bu(t) — d () ( 2-60)
Tur (2-59), (2-60) ta co:

n-1 n-1
$(x,t) = Z cie® + xén) —f(x,t)=b (% <Z cie™ + xc(ln) - f(x, t)) + %K sgn(s)) —d(t)

i=1 i=1
= —K sgn(s) — d(t)
Do do ta co:
s$ =s(—Ksgn(s)) —s.d(t) = —nls| <0 (2-61)
Hé théng 6n dinh.
2.8.2.3 B diéu khién SMC theo tham sé cdn trén.
Xét mot hé phi tuyén bac 2 nhu sau:

6=f(x,x)+Af(,x) + glx, )u + Ag(x, X)u + dy(t) (2-62)
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Trong d6 f va g 12 ham phi tuyén da biét, u va x Ia tin hiéu diéu khién dau vao
va su do luong dau ra twong ¢ng (u € R va x € R), d,(t) 1a nhidu cua hé thdng va
Vi |d(x, %, t)| < D, D 1a hing sé duong.

Giasu: d(x,x,t) = Af (x, x) + Ag(x, x)u + dy(t), khi d6 phuong trinh (2-62) duoc
viét lai nhu sau:
X=f(0,x)+ g, x)u+d(xxt) (2-63)
Sai léch tin hiéu mong muébn dau vao va tin hiéu thyc té dau ra duoc dinh nghia nhu
sau: e = x4 — X.
Mat truot dugc dinh nghia nhu sau:
s=¢ée+ce (2-64)
Trong d6 ¢ thoa diéu kién Hurwitz ¢ > 0.
Pao ham mat truot duoc xac dinh nhu sau:
s=€é+ce=i;—X+cée=%X;—f—gu—d+cée
Tin hiéu diéu khién duoc xac dinh nhu sau:
u= g[—f + %4 + cé + nsgn(s)] (2-65)
Sy 6n dinh cua hé théng dugc ching minh nhu sau:
Ap dyng ham Lyapunov: L= %sz
Taco: L=s$=s@;—f—gu—d+cé)
=s(@q—f— (—f +#q+cé +nsgn(s)) —d + cé)
= s(—d — nsgn(s))
= —sd —7ls]|
Néun = D thi:

L = —sd —n|s| < 0, hé théng 6n dinh.

Pé han ché hién twong nhiéu (chattering), ham b&o hoa sat(s) dugc str dung thay vi

sgn(s) trong phuong trinh (2-66) nhu sau:

1, s> A
sat(s) ={ks, |s|<Ak=1/A (2-66)
-1, s<—A

v6i A 1a 16p bién (boundary layer)
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Ngoai viéc st dung ham bao hoa sat(s) thi ham ma va ham lugng giac ciing
dugc ap dung nhu ham sigmoid dé giam thiéu hién twong nhidu cua bd diéu khién

trugt Hinh 2.12.

1.5
1 ; /
05¢r
A
0 —A
o5t [ | Sign
—— Saturation
1 —— Sigmoid
-1.5 . :
-1 -0.5 0 0.5 1

Hinh 2.12: D6 thi ham béo hoa.
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Chuong 3
PHAT TRIEN CO CAU HAI CHIEU DUNG MRF

Céc co ciu sir dung MRF truyén thdng déu bé tri cuon day phia trén mit tru cua
dia diéu nay s& han ché viéc tir truong di qua cac vi tri can thiét cia phanh, doi khi
roi vao hién tuong “thit nGt chai” dan t6i lam giam hiéu suat cua co cau, két cau cong
kénh lam ting khdi lugng ciia co cau. Mot van dé khéc cua hé théng phan hoi lyc 1a
khi ¢ trang ban dau déu mong mudn luc bang khong. Nhuogc diém caa phanh MRF 13
khi khong c6 dong dién ap dung thi khé kiém soat dugc lyc ciing nhy mo men dau
ra. Khi d6 mot luc phan hdi nho 1&n hé thdng thi né khdng thé phan anh duoc diéu
nay s& lam giam tinh ning cua hé thong phan hoi. Ngoai ra, d6i véi hé théng phan
hoi str dung phanh MRF, dé cam nhan duogc luc phan hdi thi nguoi van hanh can di
chuyén hé théng phan hoi. Do d6, luc phan héi khong dugc phan anh cho ngudi van
hanh néu hé thong dimg yén. Dé khic phuc nhuge diém nay gan day co cau hai chiéu
ding MRF (BMRA) di duoc phat trién cho ung dung trong hé théng phan hoi luc.
3.1 Co cau hai chiéu ding MRF (BMRA).

3.1.1 M6 hinh BMRA cuaa Nguyen P. B [56].

Téc gia Nguyen P. B 1a nguoi dau tién dé xuat co cu hai chiéu sir dung MRF
[56] (Hinh 3.1). Do b6 tri hai dia quay cung téc do nhung nguoc chiéu nén cé thé
khir dwoc ma sat ban dau cua co cau. Tuy nhién BMRA ciia Nguyen P. B van sir dung
két cau truyén théng do6 1a vi tri cua cuon day van bd tri phia trén mit tru cua dia.
Diéu nay s& han ché tir trudng di qua khe MRF, d6i khi roi vao hién tugng “that nat
cd chai”, dé bdo hoa tir dan t6i hiéu suat ctia co cAu giam. Hon nira viéc téi wu hoa
hinh hoc chura dugc xem xét nén két cau BMRA con kha Ién, mé men phan hoi khdng
cao chi dat 1.2 Nm.
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Vin dé thic c6 chai
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Hinh 3.1: Co cau hai chiéu ding BMRA_[56].

3.1.2 M6 hinh BMRA méi dé xuit.

Dé khic phuc mot s6 ton tai cia mau BMRA_[56], va trén co sd clia co cau 2

chiéu da phat trién bai [76], tac gia da phat trién mot co ciu BMRA méi véi cac cuon

day dugc b tri tai mdi bén mat dau than vo cia BMRA. Diéu nay s& khic phuc dugc

hién twong that nit chai cling nhu bao hoa tir tai mot s6 vi tri cia BMRA, déng thoi

tac gia cO xét t&i bai toan t6i wu hinh hoc BMRA sao cho khéi lwvgng cia BMRA dé

Xuit nho nhit va md men dau ra dat theo yéu ciu cho truéc.

Tac gia dua ra hai phuong an cho BMRA cta minh d6 la:
- Phuong 4n 1: BMRA c6 mot cuon day & moi bén (BMRAL) (Hinh 3.2)

- Phuong 4n 2: BMRA c6 hai cuon diy & mdi bén (BMRAZ2) (Hinh 3.3)
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Hinh 3.2: Cau hinh BMRAL.
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Hinh 3.3: céu hinh BMRA2.
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3.1.2.1 Cdu tgo va nguyén Iy hoat déng BMRA.

+ V& ciu tao cia BMRAL, BMRAZ2 la giéng nhau chi khac nhau vé sé luong
cudn day bd tri trén than vé. Cu thé 1a d6i véi BMRAL chi b tri 1 cuon day & mi
bén than vo, con BMRA? thi dugc bd tri 2 cuon day mdi bén. Vi vay cu tao cua
ching bao gdm: dia 1 va dia 2 1an luot duoc Iap chit trén truc vao 1 va truc vao 2, hai
tryc nay duoc ¢ dinh bang céc 6 lan va trén cac truc ¢ bé tri cac phot chan khong
cho MRF r0 ri ra ngoai. Bong thai hai truc nay dugc din dong bai hé banh ring bén
ngoai sao cho hai truc dau vao quay cing tc do va nguoc chiéu nhau. Khe ho giira
than vo va cac dia s& dugc dién day MRF. Céc cudn day duogc bo tri mat bén BMRA
c6 mot mang mong ngin cho cudn day khdng tiép xtc véi MRF.

+ V& nguyén ly hoat dong cia BMRA: truc vao 1 va 2 s& dugc dan dong boi mot
dong co AC servo thong qua mot hé théng truyén luc bén ngoai (hé banh rang con)
lam ca hai truc quay cung toc d6 nhung nguoc chiéu. Do hai dia dwgc gan cb dinh
Vi hai truc tuong ang nén ciing duoc quay cing téc dé nhung nguoc chiéu. Khi mot
dong dién chi 4p dung vao cudn day 1 caa BMRAL thi moét tir truong twong ing duoc
tao ra xung quanh cuon day. Khi do tir truong sé€ lam cho MRF trong khe MRF bén
trai cuia dia 1 tro nén sét lai ngay lap taec. Tu ma sat gitra dia 1 véi MRF va MRF véi
than vo BMRA s& tao ra md men ma séat dau ra cia BMRA (T1) thdng qua truc dau
ra duoc gang co dinh trén than vo BMRA quay cling chiéu véi dia 1 (CW). M6 men
dau ra chu yéu sinh ra dia 1, bén con lai c6 md men di qua nhung twong d6i nho. o
I6n ctia mo men dau ra cia BMRA1 phu thudce vao dong dién ap dung cho cudn day
1. Tuwong tu cudn day cua dia 2, khi dong dién chi 4p dung vao cuon day 2 thi mé
men ma sat dau ra do dia 2 cia BMRAL (T2) duoc tao ra théng qua truc ra cua
BMRAL va tryc ra quay cung chiéu quay véi dia 2 (CCW).
3.1.2.2 M6 men ma sdt dau ra cua cdc BMRA.

+ MO men ma sait BMRAL.

Dé tinh m6 men ma sat sinh ra trén hai dia cia BMRAL, tac gia chia khe luu
chat thanh 4 vang dé tinh mé men d6 1a MRF1, MRF2, MRF3, MRF4 tuong Gng V4i
cac ban kinh Ri, Rei, Reo, Ra duroc thé hién bai Hinh 3.4.
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Hinh 3.4: Thong s6 hinh hoc BMRAL.

Mb men dau ra cia BMRA 1 duoc tao ra bsi ma st cua hai dia 1 va dia 2 va ma
st ctia cac phét véi tryc. Do hai dia quay nguoc chiéu, cling toc d6 nén méd men dau
ra BMRA duoc tinh nhu sau:

Toy =T1—-T,+Ts1 —Tg (3-1)
Trong do:
- Tp1: m men dau ra cia BMRAL.

- T4: m6 men sinh ra gitra dia 1 (bén trai) va than vo.

T,: md men sinh ra gitra dia 2 (bén phai) va than vo.
- T4.: mO men ma sat gitra cac phat va truc 1.
T,,: m6 men ma sat gitra cac phét va truc 2.
M6 men ma sat trén ting dia cia BMRA1 duoc tinh theo cong thac (2-18), (2-19):

nud11R4 d11
T1=Ta l|w1| y (RZ — RY)
] Cl
7T.Ud12Rgo 2MTyq12
g fd127cofy ———(R3, — R}
e [ ] ol + =22 (RS, - RZ)
7Tliauasz yd13 3 3
+— Zt | (Rd - Rco
|wq|R
+27TRdtd (Tya1a + Ha1a wlg d) (3-2)

52



Chuong 3

g1 RE: R\* 2nT
T, = Haz18¢ 1 (22 |, + yd21 (Rfi _ R?)
2t, . 3
T[UdZZRco yd22 3 3
+— Zt |0)2| (Rco - Rci)

Tia23Rg (Rco) 2MTya23 3
1- ———(R2-R
+ Ztg I R, lw, | + 3 (R3 co)

lw2|R
+27TRdtd (Tyaza + Haza wzg d) (3-3)

Véi thong sb luu bién cua MRF:
- Ugi1r Ha1z» Ha1z, Haia: 0 Nhot sau chay déo cua MRF twong tng tai cac vi tri
MRF1, MRF2, MRF3, MRF4 cua dia 1
- Tgi1, Taizs Ta1z» Ta14. UNQ SUat chay déo cia MRF twong @ng tai cac vj tri
MRF1, MRF2, MRF3, MRF4 cua dia 1
- Uaz1r Haz2, Kaz3s Hazae: 40 Nhot sau chay déo cia MRF tuong tng tai cac vi tri
MRF1, MRF2, MRF3, MRF4 ctia dia 2
- Tgo1s Taazs Tazz, Taza. GNG SUAL chay déo cia MRF twong ng tai Cac vi tri
MRF1, MRF2, MRF3, MRF4 cua dia 2
Véi thong sb hinh hoc cia BMRA:
- R laban kinh BMRA, Rq la ban kinh dia, Rqi la ban kinh mat bich truc 1
- Rci la ban kinh trong cudn day, Reo 1a ban kinh ngoai cuon day
- he 1a chiéu cao cudn day, to 1a bé day mit tru, tq bé day dia
-ty la bé day khe MRF, th 1a bé day thanh dtng BMRA
- ter 12 bé rong cudn day BMRAL, tw 13 bé day thanh mong
- R la ban kinh truc 1, Rs2 la ban kinh truc

Van toc goc caa dia hai dia: @1, o
V&i Ty, = 0,65(2R1)2wi’3; Tsy = 0,65(2R,;) 2w’ theo cong thuc (2-24)
+ MO men ma sat cia BMRA2.
Trong thyc té véi yéu cau md men 16n thi BMRA mét cudn day khé dat dugc.
Vi viy, tac gia khao sat thém trudng hop nhiéu cudn day, cu thé 1a 2 cudn day. Cau
hinh d& xuat BMRA hai cuon day bén than vo (BMRA2) thé hién bai Hinh 3.5.
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Dé tinh md men ma sat dau ra cia BMRA2, tac gia chia khe luu chét thanh 6
vung luu chét tinh m6 men d6 1a MRF1, MRF2, MRF3, MRF4, MRF5, MRF6 tuong
{ing véi cac ban kinh Ri, Rei1, Reot, Rei2, Reoz, Ra duroc thé hién boi Hinh 3.5.

7‘ /WI l/ ﬁ
hc.7 RcoZ
2 v ) Re
hc] 2 Rcol Rd
RCI
R;
MRF1—] 7%,
MRF2
MREF3 -
W
MRF4 ;
MREF5 4—MRF6

Hinh 3.5: Thong s6 hinh hoc BMRA2.
Mb men dau ra cia BMRA2 duoc tinh nhu sau:
To =Tq1 —Tg2 +Ts1 — Ty (3-4)
Trong do:
- Toz: mo men dau ra ciaa BMRA2
- Tg41: mb men sinh ra gitra dia 1 (bén trai) va than vo
- Tg42: m6 men sinh ra gitra dia 2 (bén phai) va than vo
- Ty, Ty, duoc tinh tuong ty nhu BMRA1
M6 men sinh ra trén hai dia cia BMRA?2 dugc tinh theo cong thuc (2-18), (2-19):

11
y (Ral - Rl3)

T, R
T, = Ui1Reiq ll

|| +
2tg l

Cll

7T.“12Rgol [1 _( c11> ]l | 2nt y12
R W,

3
+ Ztg ol (Rcol Rcil)
4
T3 R, 1 y13
+ 2 E [1 CO I 1|+ (R(:LZ Col
tg ctz
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7TH14»R4 Ry * 2MTy14
+ e [1 - (RCL ) ]lwll y (Rcoz Rcol
co2

2t,
T sRe R * 15
+ T [1 — (=2 lwq| + y (R} — R%:2)
g
+2mRGt4(Ta16 + e lele) (3-5)
Ty, R Ri\* 2TTypq
Typ = Tal [1 — (RC;) lw,| + y (R%, —RY)

27T 90
]|w2|+ y (Rcol R?il)

TUoaR: R 4 21T
+M [1 o ( C(?l) l lwy| + y23 (Raz - RZ1)

2t, Reiz

Tl24 R Reiz\* 2TTyz4

4 TEZEE02 g (292) 10 | 4 T2 RS, — R,
2t, Reoz

a5 Ry Reoz\" 2MTys
+ [1—( O2) | Joog) + 222 (R — R,)

|wz IR
+2mRGtq (Taze + 26 wz d) (3-6)

3.2 Thiét ké téi wu cho cac BMRA.

Thiét ké t6i wu cho cac BMRA 1a chiing ta di tim gia tri céc kich thuée hinh hoc
cia BMRA sao cho khéi lugng ciia cac BMRA (mp) la nho nhat véi mo men dau ra
ctia cac BMRA (Tp) duoc rang bugc bang hoic 16n hon gié tri yéu cau (gié tri yéu cau
dugc dua ra tiy thudc vao tirng tng dung cu thé).

Tir d6 ta c6 cac yéu td ban dau cho bai toan toi vu héa bao gom:

= Ham muc tiéu: khéi luong cia BMRA (mb) 1a nho nhét.
my, = Va1par + VazPaz + Vipn + Vs1Pps1 + Vs2Ps2 + VurePure + Vepe  (3-7)

Trong do6:
- Va1, Va2, Vi, Vs1, Vs2, Vrr, Ve 12 thé tich caa cac bo phan cdu tao nén BMRA

tuong tmg d6 1a thé tich cua dia 1, dia 2, vo, truc 1, truc 2, MRF va cudn day.

- Khéi luong riéng tuong ung do 1a pd1, pd2, on, Pst, Ps2, PMRF, Oc

= Bién thiét ké: tat cac thdng s6 hinh hoc chu yéu cia BMRA.

55



Chuong 3

= Piéu kién rang budoc: md men dau ra caa BMRA Ty > 5 Nm.

= Vit liéu ap dung phai la vat liéu tir tinh nén tac gia sir dung thép hop kim C45,
ap dung cho than vo, dia cata BMRA. Hon nira, vt liéu C45 théng dung trén thi
treong, chi phi phu hop.

= Vit liéu Inox 304 &p dung cho cac truc dau vao va ra cuia BMRA dé luu chét
xung quanh phat khdng bi cang lai khi kich hoat tir treong 6 BMRA.

= MRF sir dung la MRF-132DG. DAy la luu chit ¢6 tir tinh trung binh, tinh dép
{rng tot.

Bang 3.1: Vat lidu va khéi luong riéng cac chi tiét cia BMRA.

Bo phan Vit lidu Khéi luong riéng (Kg.m)
Truc Inox 304 7900
Pia va vo Thép C45 7850
Cudn day Pong (24 gage) 8900
MRF MRF-132DG 2400

Trong qua trinh tinh todn téi wu thi cac kich thuéc hinh hoc quan trong cua
BMRA1 va BMRA2 nhu chiéu cao cua cudn day (he cia BMRAL va he, hez cta
BMRAZ2), chiéu rong caa cudn day (W), ban kinh ngoai dia (Rd), ban kinh trong cua
dia (Rai), Vi tri ctia cac cuon day trén vo (Rei ddi voi BMRAL va Reit, Reiz d6i V6i
BMRA?2), d6 day cua dia (td), bé day caa vo hinh tru (to), bé day bén ngoai cia vo (tn)
duoc chon 1am bién thiét ké.

Tuy nhién, kich thudc khe ho nho 1am tang mé men BMRA ¢ trang thai dong
dién khdng ap dung, s& lam giam hiéu suat cua co ciu, nang lugng tiéu tan cao, sinh
nhiét cao va nhanh mon, ngoai ra kich thuéc khe hd nho s& gay kho khan trong ché
tao. Vi vay, kich thuéc khe MRF khong duoc chon 1am bién thiét ké trong t6i wu hoa
ma duoc xac dinh theo kinh nghiém va duoc chon tg= 0,8 mm. B4i véi d6 day thanh
mong cua vo & Vi tri cudn day (tw) nén cang nho cang tét dé han ché tir thong di qua
nhung budc tir théng di qua cac 6ng MRF, ty ciing khdng nén chon qué nho vi dan

t6i kho khin trong ché tao va do ciing cuia két cau khong dam bao. Vi vy, d6 day cua
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thanh mong ciing khong duoc coi 12 bién thiét ké ma dugc xac dinh theo kinh nghiém
va chon ty=0,6 mm.
3.2.1 Téi wu hoa mot muc tiéu cho BMRA.

Trong cac phwong phap tdi wu cuc bo thi phuwong phap First Orders hdi tu nhanh.
Hon nita, phuong phap nay dugc tich hop trong ¢ng cu tdi wu cua phan mém thuong
mai ANSYS, nén c6 thé st dung dé& dang va tinh toan nhanh hon va khong can tuong
tac gitra cAc phan mém. Tuy nhién, cc gia tri ban dau cua bién thiét ké phai chon
tuong ddi chinh xéac (phu thudc vao kinh nghiém). Mot sé thuat toan téi wu hoa dao
ham bac nhat dién hinh 1a phuong phap do doc, do dbc lién hop duoc ap dung trong
nghién ctru nay thé hién béi Hinh 3.6. Trong phan mém ANSYS c¢6 hd trg vé van dé
thiét ké t6i uu bang cong cu t6i wu tich hop. Vi thé, trong hau hét cac truong hop, bai
toan toi uu cla cac co cau ding MRF c6 thé duoc giai quyét truc tiép bang phan mém
ANSYS ma khdng can phai thdng qua bat ky phan mém Iap trinh nao khéc.

Truéc hét gia tri ban dau cua cac bién thiét ké (Design Variable - DV) duoc
chon tir ban dau. Thoi gian tinh toan téi wu phu thudc dang ké vao gié tri dugc chon
ban dau. Do d6, gia tri ban dau cua cac bién thiét ké nén duoc tinh toan dua trén tinh
toan so bo hoac dua trén kinh nghiém thuc té. Sau d6, mot tap phan tich dé giai quyét
mach tir va tinh toan dac tinh hiéu suat cua cac thiét bi nhu ning luong diéu khién,
hang s6 thoi gian cam tng, giam &p suat, luc, md men phanh. Trong ANSYS, tap tin
phan tich dugc xay dung bang ngén ngir thiét ké tham s6 (APDL). Céan luu y rang tap
tin phan tich nay dugc tao tir md hinh giao dién ngudi dung do hoa (GUI) cua
ANSYS. Trong tap tin phan tich, cac bién thiét ké phai duoc sir dung 1am bién twong
trung va gia tri ban dau dugc gan cho ching.

Dé tinh toan céac dic tinh hiéu suat caa co ciu thi can tinh toan mat do tir thong
trén toan bo thé tich hoat dong cia MRF. Mat d tir thong (B) va cudng do tir trudng
(H) khong phai 1 hang sb doc theo dng MRF. Mat d6 tir thong va cudng do tir truong
trung binh trén éng MRF duoc tinh bang cach tich phan mat do tir thong doc theo

duong dan duogc xac dinh trudce, sau d6 chia cho chiéu dai duong dan.
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Hinh 3.6: Luu d6 téi wu hoa bang phuwong phap First Order.

Pé tinh hang sé thoi gian quy nap trudc tién tir thong duoc xac dinh nhu sau:

® = 2m.Ry [, B(s).ds
P

(3-8)

Trong d6 B(s) 1a mat do tir thdng tai mdi diém nat trén duong dan, s 1a mot bién

gia cua tich phan. Viéc tich phan duogc thuc hién doc theo chiéu dai duong dan L.

Péng cht ¥ 1a kich thudc hinh hoc cta cac co ciu MRF thay dbi trong qua trinh toi

wu hoa, do d6 kich thudc chia ludi cia md hinh phan tir hiru han phai dugc chi dinh

boi s6 lwong phan tir trén mdi dong thay vi kich thudc phan tu.
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Cong cu toi vu hda ANSYSS sé& chuyén d6i van dé téi uu hoa bi rang budc thanh
van dé khdng bi rang budc thdng qua ham Penalty (ham phat), d6 1a ham muc tiéu
khéng thur nguyén, khdng rang budc. Ham Penalty duoc xay dung tir cac gia tri khoi
tao ban dau cuia c4c bién thiét ké, sau d6 chay tap tin phan tich ta c6 dugc gia tri khoi
tao cua cac dic tinh hoat dong cua co ciu nhu ning luong diéu khién, hang sé thoi
gian dién cam, lyc/m6 men cua BMRA. Véi cong cu téi uu caa ANSYS, sau d6 s&
chuyén ddi cac bai toan tbi vu bi rang budc thanh khdng rang budc théng qua ham

Penalty. Ham muyc tiéu tvong duong khong rang budc c6 phuong trinh:

Q(x,q) = 257 + Z?:1 P, (x;) +q Zﬁlpg (g:) (3-9)

0BJo
Trong do:
- OBJo la gi4 tri ham muc tiéu tham chiéu dugc xac dinh tir gié tri cuia cac bién
thiét ké ban dau, g 1a tham sé bé mat kiém soat thoa méan rang budc;
- Px 12 ham phat Penalty bén ngoai ap dung cho bién thiét ké x;
- Pg 12 ham phat Penalty noi bo ap dung cho bién trang thai g.
Déi véi vong lap ban dau (j=0), huéng tim kiém cua bién thiét ké 1a d6 doc am cua
ham muc tiéu khong rang bugc. Khi d6 vecto chi phuong dugc tinh nhu sau:
d©® = -vQ(x®,1) (3-10)
Cac gia tri cia DV trong lan lap tiép theo (j+1) dwoc lay tir phwong trinh sau:
xUTD = 0D de(j) (3-11)
Trong d6 tham s6 tim kiém s; duoc tinh bang cach sir dung két hop giai thuat
Golden-Section vaéi ky thuat “Local quadratic fitting”. Tap tin phén tich sau d6 tinh
véi gid tri mai DV va kiém tra sy hoi tu ctia ham muc tiéu. Néu qua trinh héi tu xay
ra thi cac gia tri DV tai vong lap tht j 1a gia tri toi wu, con néu khong vong lap tiép
theo s& duoc tiép tuc. Tai vong lap tiép theo, dién ra twong tu nhu vong lap dau tién
ngoai trir vecto chi phuong dugc tinh theo cong thire dé quy Polak-Ribiere:
d¥) = —VQ(x(j),qk) + 7}'—1d(j_1) (3-12)

_ =[VQ(x(f),q)_VQ(x(]'—l)‘q)]TvQ(x(]'),q)
. [vo(xU-1,q)|*

(3-13)
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Pé xac dinh thong sé luu bién cua MRF tac gia st dung phuong trinh (2-12),
treéc hét tir thong B qua khe MRF duoc xac dinh. Trong nghién ctiu nay, phan tich
phan tir hiru han (FEA) dugc thuc hién dé giai quyét mach tir cua cac BMRA. M6
hinh phan tir hitu han st dung phan tir d6i xang truc 2D (PLANE 13) cia phan mém
ANSYS thuong mai dé giai cac mach tir cia BMRA.

Trong qua trinh téi uu, cac gia tri cia kich thudc hinh hoc duogc thay doi lién
tuc trong mdi lan lap. Do d6 kich thuée chia ludi dugc xac dinh bai s6 phan tir cua
mdi dong dé dam bao sb phan tir khong thay d6i trong qué trinh téi wu hoa. Ludi cang
nho thi két qua cang chinh xéac, tuy nhién thoi gian tinh toan sé 16n. Ludi xac dinh
boi s6 phan tir trén mdi duong thang, khi s6 phan tir duoc chia trén mdi duong 16n
hon hoic bang 10 thi két qua mé phong da hoi ty. Sai léch khi ting ludi tir 10 phan
tir 18n 12 phan ti chi khoang 0,2 % dam bao duge do hoi tu mong mudn.

Dé so sanh hiéu qua cia co cau mai dé xuét thi viéc tdi wu héa BMRA_[56]
cling dugc xem xét trong nghién ctru nay va mé hinh phan ti hitu han ciia cic BMRA
duoc thé hién trong Hinh 3.7, Hinh 3.8, Hinh 3.9.

Hinh 3.8: M6 hinh PTHH phéan tich mach tit BMRAL.
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Hinh 3.9: M6 hinh PTHH phén tich mach tr BMRA2.

Trong nghién ctru ndy mot so thuat toan ti wu hoa dugc tich hop trong cong cu
t6i wu hoa cua ANSYS. Cu thé 1a phuong phép bac nhat véi thuat toan mat cit vang
duogc su dung [57, 58]. Trong qué trinh t6i wu hoa, dong dién tdi da 2,5 A dugc ap
dung cho cé&c cudn day dé dam bao an toan cho day (duong kinh day dong chon Ia
0,5 mm). Do BMRA duoc thiét ké doi xiing nén dong dién chi cap cho cudn day &
mot bén cua BMRA. Ty I¢ lap day caa cudn day duogc iy biang 80%, trong khi ton
that tir trudng duoc gia dinh 12 10% dua trén kinh nghiém thuc nghiém. Ty I& hoi tu
cua ti uu hoa dugce dit 0,1%.

Két qua phan bé mat do tir théng cua cac BMRA & muc toi wu duoc thé hién
bsi Hinh 3.10, Hinh 3.11, Hinh 3.12.

Hinh 3.10: Phan b6 mat do tir thdng cia BMRA _[56].
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Hinh 3.12: Phan b6 mat do tir théng cia BMRAZ2.

Cac sb lieu cho thidy mat do tir théng tai vi tri birc thanh mong dat dén d6 béo
hoa tir cua vat liéu vo cia BMRAL, BMRA2. Khi d6 tir thong budc phai chay qua
khe MRF, chling ta ciing thdy rang van dé thit n(t c6 chai di xay ra & vi tri vo hinh
try bén ngoai phia trén cuon day cua BMRA_[56], do ¢6 mudn tranh van dé nay thi
BMRA_[56] can phai ting kich thudc vé hinh try 1én dé tir thong qua dé dang, diéu
nay s& lam tang thé tich dan téi khéi luong BMRA_[56] ting dang ké. Ngoai ra, thiét
ké BMRA_ [56] tuy c6 bo phan cach tir nhung tir thdng van bi ro ri sang phia bén kia
cia BMRA_ [56]. Su ro ri tir théng ciia BMRA2 tham chi con it hon ciia BMRA._[56].
Dang thai, ta thdy rang mat do tir thong tai cac khe MRF & vuing hinh tru cia BMRA1
va BMRA2 nhé hon so véi BMRA_[56]. Tuy nhién mat do tir théng tai mat cudi khe
lwu chat cia BMRAL, BMRA2 cao hon dang ké so véi BMRA_[56]. Do d6, md men
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dau ra cia BMRA1, BMRA2 chu yéu dugc truyén qua khe luu chat ¢ mat cudi cua
MRF. Két qua hoi tu caa cac BMRA thé hién bai Hinh 3.13, Hinh 3.14, Hinh 3.15,

vé6i Tp > 5 Nm véi do chinh xéac 2%, s6 vong lap bang 40. Quan sat thiy rang md men

X04n truyén tir dia 1 cao hon mot chdt so véi mé men xoin dau ra (7,4 % trong trudng
hop BMRA_[56], 13 % trong truong hgp BMRAL va 7 % trong truong hop cua
BMRA?2). biéu d6 cho thiy rang chénh léch mé men xoan truyén caa BMRA_[56]
nhé hon BMRA1 do BMRA_[56] ¢6 str dung bo phan cach tir. Tuy nhién, dbi véi
BMRAZ2 khong cé bo phan cach tir ma chénh léch vé mé men truyén BMRAZ2 van
nho hon BMRA._[56].
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Hinh 3.13: Két qua toi vu hoa cia BMRA_[56].
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Hinh 3.14: Két qua toi uvu hoa cia BMRAL.
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Hinh 3.15: Két qua toi vu hoa cia BMRA2.
Bang 3.2: Két qua tbi uu cua cac BMRA.

Loai BMRA Théng s thiét ké (mm) Pic tinh hoat dong
tc=6,3; h¢=6,1; La1=5,0; L&2=0,5 | Tmax=4,96 Nm
BMRA_[56] | Ri= 36,3; Ro=50,2: tg= 11,9 Mimax = 3,21 kg
R=6181%=38;th=3,1,L=322 Pw=21,8W; R:=49 Q
we=5,6; he= 7,65; R¢i = 40,7 Tmax=4,97 Nm
BMRA1 Ri=21,5; Ro =52,8; t4=4,2 Mmax = 2,64 kg
R =155,6;t=2;th=5,83; L =348 Pw=19,8W; R: =32 Q
We1=We2=4,25, he1=7,4; hez=6,2 Tmax = 4,98 Nm
Rei1 = 29; Reio=47,5; Ri= 20 Mmax = 2,1 Kg
BMRA2 Ro=56,6;t4=4,R=59,4 Pw=24 W
tb=2;th=3,2;L=24,3 Re1=1,68 Q; Re2=2,16 Q

Vé cong suat tiéu thu vai két qua trinh bay boi Bang 3.2 thi cong suat tiéu thu
cua BMRA_[56] cao hon so vai BMRAL, do cudn day trong truong hop BMRA_[56]

duogc dat ¢ vo hinh tru bén ngoai nén chiéu dai cun day phai lon hon. Cuy thé 1a dién
tré cuon day cia BMRA_ [56] 1a 3,49 Q va BMRAL1 la 3,2 Q. Bdi véi trudong hop
BMRAZ2 thi cdng suit tiéu thu cao hon mot chat so véi BMRA_[56] bai vi trong

treong hop nay st dung hai cuon day.

Giai phap téi wu voi céc gia tri khac nhau mé men dau ra cia BMRA bang

phuong phap First Order. C4c tiéu chi quan trong cia BMRA dugc danh gia nhu sau:
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= Khéi lugng cua cdc BMRA (mp) duoc tdi wu hoa nhe mot ham cua mé men
dau ra (Tp) thé hién boi Hinh 3.16. O cling mic md men dau ra yéu cau lén
nhat, khdi luvong cia BMRA_[56] (m = 3,21 kg) ludn cao hon khéi lwong cua
cac BMRA duogc dé xuat. Chung ta ciing thy rang bang cach st dung cau
hinh hai cudn day, khdi lugng cia BMRA2 (m = 2,1 kg) duoc dé xuat giam
dang ké & md men xodn dau ra cao Khi yéu cau mé men xoan dau ra cao ta
c6 thé bé tri nhidu hon hai cudn day dé giam thé tich va khéi luong cua
BMRA.

= CoOng suat tiéu thy (Pw) ciia cac BMRA dugc t6i wu hdéa nhu mot ham cia mo
men dau ra thé hién bai Hinh 3.17. Muc tiéu thu dién BMRA2 (P = 24 W)
luén cao hon cac BMRA khac va muc tiéu thu cia BMRAL (Pw= 19,8 W)
lubn nhé hon BMRA_[56] (Pw= 21,8 W). Khi muc tiéu thu dién nang cao
cia BMRA c6 thé gay ra mot s6 van dé nhu nhiét do 1am viéc cao dan toi
lam giam hiéu suat cia MRF do d6 can luu ¥ khi lya chon cau hinh BMRA
sao cho phu hop.

= Ban kinh ngoai (R) ciia cac BMRA duoc t6i wu héa nhu mot ham cia mo
men dau ra duoc trinh bay trong Hinh 3.18. O day c6 thé thay rang ban kinh
ngoai cuia BMRA_[56] (R = 61,8 mm) cao hon so vdi cac ban kinh cua
BMRAL1 (R = 55,6 mm) va BMRA2 (R = 59,4 mm) tai mé men dau ra Ion (5
Nm). O céc gia tri m6é men dau ra yéu cau nho véi T < 5 Nm thi ban kinh
ngoai cia BMRA_[56] nho hon mét chut so véi ban kinh cia BMRA2 nhung
lubn I6n hon ban kinh cia BMRAL, ban kinh cia BMRAL ludn nhé hon ban
kinh cia BMRAZ2. Vi vay, trong truong hop gidi han khdng gian lam viéc thi
BMRAL1 12 ph hop nhit.

= Chiéu dai téng thé (L) ciia cic BMRA duoc tbi wu héa & cac md men dau ra
khac nhau dugc thé hién trong Hinh 3.19. Cy thé voi BMRA2 (L = 24,3 mm)
nho hon dang ké so véi cac BMRA khac. O md men xoan dau ra cao thi chiéu
dai tong thé cia BMRA_[56] (L = 32,2 mm) nho hon cia BMRAL (L = 34,8

mm), nhung & md men x0in nho hon 5 Nm né tré nén 16n hon.
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Khoi lwong BMRA (Kg)

Ban kinh ngoai (mm)
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Hinh 3.16: Quan hé Ty - mp.
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3.2.2 Toi wu hoa da muc tiéu cho BMRA.

Vi phuong phét First Order phu thudc rat nhiéu vao cac gia tri ban dau cua bién

Mb6 men dau ra (Nm)

Hinh 3.19: Quan hé T, — L.

thiét ké phai chon tot (phu thudc vao kinh nghiém), néu khdng bai toan sé& dan téi téi

uu cuc bd. Nén tac gia sir dung thém thuat toan téi uu di truyén sap xép khdng chi

phdi 11 (NSGA-II) 1a mét trong nhitng thuit toan téi vu da muc tiéu toan cuc. Dé tdi

vu da muc tiéu d6 13 khéi lugng nho nhat va md men 16n nhat BMRA nén phai sir

dung phuong phap t6i wu da muc tiéu. NSGA-II 1a phuong phap tdi wu thong dung

cho bai toan da muc tiéu. Thay vi chay nhiéu mé men khac nhau dé tim cac khoi

lugng tét nhat thi chi mot 1an chay bang NSGA-II thi két qua s& c6 duoc khéi luong

tdt nhat véi cac mo men khac nhau.

66



Chuong 3

Trong nghién ctu nay thuat toan di truyén sap xép khdng chi phdi 11 (NSGA-
IT) [55] duoc &p dung dé giai bai toan téi wu hoa da muc tiéu. Luge dd tdi wu duoc
thé hién bai Hinh 3.20 nham ti vu hoa da muc tiéu cho cac BMRA duoc ap dung
phuong phéap t6i wu NSGA-I1 két hop véi phan mém ANSYS. Véi Hinh 3.21 cho
thiy biéu d6 Pareto cua giai phap t6i wu khi cac tham sb cia NSGA-II duoc thiét 1ap
nhu sau: S6 1an 13p tdi da 1a 100, quy md dan sb bang 20, ty & phan trim chéo bang
0,7%, phan tram dot bién 0,005, ty 1& dot bién bang 0,02. Tir cac két qua dugc dua ra
trong Hinh 3.21 c6 thé thdy rang két qua toi wu rat gan véi két qua mong muédn. Noi
chung, tai ciing mot gia tri cia mdé men truyén, khéi lwong tdi uu hoa thu duoc tir toi
vu hoa da muc tiéu 16n hon mot chit so véi khdi luong téi wu hda muc tiéu don khi
mo men truyén bi rang budc. Tuy nhién, dé tranh giai phéap t6i wu cuc bo trong ti uu
hda muc tiéu don 1¢ sir dung phuong phép bac nhat thi cac gia tri ban dau cua cac
bién thiét ké nén dugc chon hop 1y.

Dau tién, thuat toan ngau nhién trong cong cu téi wu héa ANSYS duoc thuc
hién voi 50 bo gia tri ngau nhién cua cac bién thiét ké. Tur két qua, cac gia tri cua
tham sé thiét ké cua truong hop nao tot nhat s& dugc chon 1am gia tri ban dau cua
bién thiét ké trong thuat toan bac nhat. Pang chi y, néu gia tri mong mudn caa mo
men truyén tbi da thi sir dung toi vu héa muc tiéu don véi md men truyén bi han ché

c6 thé tiét kiem nhiéu chi phi tinh toan so véi téi uvu hoa da muc tiéu.

Bién thiét ké, Bién thiét ké Tap tin dau vao tir
quy mo dén so ngau nhién | bién thiét ké
Cap nhat bié
Vong lap tang 1 — [ ANSYS
Y
Vong lap hién tai A LA ;
16m hon cho phép NSGA -II Tép ket qua

Ngtrng

Hinh 3.20: Luu d t6i vu hoa da myc tiéu 4p dung NSGA-II.
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Hinh 3.21: Két qua t6i uu hoa da muc tiéu.
3.3 Thiét ké va hoan thién hé théng thi nghiém BMRA2.

Trong sb cac yéu cau ciia mot co cau tng dung trong cac hé thdng phan hoi luc
d6 1a tiéu chi vé khéi lwong, khdng gian 1am viéc, ché tao va bao tri dé dang. Vi vay
tac gia nhan thdy BMRAZ2 12 pht hop nhét trong cac BMRA duoc khao sat.

Véi két qua téi uu ctia Bang 3.2, tac gia tién hanh thiét ké chi tiét cho BMRA2
duoc biéu dién boi Hinh 3.22.

Két cAu ctia cia BMRA2 bao gom: (1, 12) vo ngoai, (2, 13) vé trong, (3) truc
vao 1, (4) truc vao 2, (5) 6 lan kép, (6) phét chan, (7) cuon day, (8) dia 1, (9) dia 2,
(10) 6 lan tryc 2, (11) truc dau ra.

Hinh 3.22: M6 hinh CAD cua BMRA2.
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Mot sé dac diém trong qué trinh ché tao, lap rap va thir nghiém can cha y do 1a
cac cudn day (7) duoc quin bén ngoai rdi cip dong dién so bd dé kiém tra truong
cam Gng tao ra bai dong dién dit roi sau d6 méi dit vao ding cac vi tri cua né, dugc
Iip chat boi céc bo phan vo ngoai (1, 12) va duoc ¢ dinh véi céc bo phan bén trong
bang vit. M6t 6 lan kép (5) duoc sir dung gitta truc 1 va vo. Truc 2 duoc d& bai hai 6
tryc (10), mot & truc 1 va mot than vo. Pé ngan ro ri MRF thi ba vong dém dugc sir
dung tai cac vi tri can thiét d6 1a giira truc véi vo, gitra truc véi truc. Kich thudc khe
hd MRF duoc chon bang 0,8 mm. C4c cudn day ¢ thé thay thé va kiém tra dé dang
ma khdng gay ro ri MRF.

Sau khi md hinh CAD cua BMRA2 duoc thiét ké thi budc tiép theo tién hanh
thiét ké mé hinh thuc nghiém cho BMRA2 dugc biéu thi boi Hinh 3.23. Mé hinh thi
nghiém bao gom: cam bién md men xoan (1); BMRA2 (2); banh ring truc vao 1 (3);

khép ndi truc vao 2 (4); dong co AC servo.

A s | _
'({:'\/ / ‘ @ ay

Hinh 3.23: M6 hinh thuc nghiém cua BMRA2.

Khi mé hinh ché tao dugc hoan thanh thi tién hanh két ndi céc thiét bj dé hoan

thién hé théng thuc nghiém nhu Hinh 3.24. Quy trinh thuc nghiém duoc tién hanh
theo quy trinh nhu sau: tur dong co AC servo (MSMDO022S1T, Panasonic) vdi bo
giam tbc co ti 16 (15:1) théng qua hé banh riang con dao chiéu s& dan dong truc vao 1
va tryc vao 2 caia BMRA2 quay cling téc do nhung nguoc chiéu (truc vao 1 quay CW,

truc vao 2 quay CCW).
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Cam bién mé men B6 ngudn Hé banh
(TS20) (PPW-8011) BMRA2 rangcdn  AC servo

Bo khuéchdai Card NI May tinh
(LCcV-U10)  (NI-6289)

Hinh 3.24: Hé thdng thuc nghiém cia BMRA2.
Bo nguon (PPW-8011, TWINTEX) dung dé cap nguon cho céac cuon day cua
BMRA2. Nguén dién dugc diéu khién bai may tinh thong qua bo chuyén ddi DAQ

(LCV-U10, Lorenz Messtechnik) dé cung cap dong dién theo mong muédn. Truc dau
ra cia BMRA2 duoc két ndi véi cam bién md men xoén (TS20, Interface) dé do mo
men xoan dau ra. Tin hiéu caa cam bién mé men xoan duoc truyén téi mot dau do
(LCV-U10, Lorenz Messtechnik) sau d6 qua card giao tiép NI (N1-6289 National
Instruments) dén may tinh dé xir ly dix liéu. Phan mém Labview dung dé doc dix liéu
tir DAQ qua cong COM.

3.4 Két qua thuc nghiém va danh gia.

Budce dau md men xoan dau ra khi khéng cap dong dién cho céac cuon day (mo
men xoin dau ra & trang thai tit) duoc do va két qua dua ra trong Hinh 3.25. Quan
sét ta thay rang khi dong co hoat dong (I1) thi mé men xoan dau ra thay doi tir khong
dén khoang -0,22 Nm. Gi tri 4m c6 nghia 1a md men xo0in dau ra cing hudng cua
truc 1 (CW). Diéu nay 12 hién nhién vi dudng kinh cua truc vao 1 16n hon duong kinh
cua truc vao 2 dan dén md men ma sat truyén dén vo cao hon. Ngoai ra, 6 lan kép st

dung cho truc vao 1 gay ra ma sat I6n hon 6 truc don dung cho truc vao 2. Thoi gian
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m6 men xoan dap tng ¢ trang thai tat 14 khoang 30 ms. Thoi gian dap tng nay do do
tré co hoc cua BMRA.

1 i 1 i 1

I: dong co tat

II: dong co hoat dong

M6 men (Nm)

o 0721 2 3 4
Thoi gian (s)

Hinh 3.25: M6 men dau ra cia BMRA2 & trang thai tat.

Khi cap dong dién dang bac khac nhau vao cac cudn day & mat bén cua dia 1 tai
thoi diém 0,5 s thi dép ung timg budc caa BMRA sé& duoc xac dinh. Cu thé, ang Vi
cac bude dong dién 0,5 A; 0,75A; 1,0A; 1,25 A;1,5A;1,75A; 2,0 Ava 2,5 A. Cac
muc dong dién dat vao cudn day duoc do va dugc trinh bay trong Hinh 3.26. O trang
thai on dinh, cac dong dién trung binh do dugc gan nhu bang cac dong mong muén
lan luot 12 0,51 A; 0,756 A; 1,05 A; 1,25 A; 1,5 A; 1,745 A; 1,98 A va 2,49 A véi
thoi gian dap ung cua dong dién &p dung 1a xap xi 0,2 s.

T Hinh 3.27 ¢6 thé thay rang, ¢ trang thai on dinh thi mé men xoan dau ra
trung binh do dugc cia BMRA trong truong hop 2,5 A 1a khoang 5,1 Nm, l6n hon
mot chat so véi thiét ké t6i uu (4,98 Nm). Nguyén nhan cé thé do viéc uéc tinh mo
men ma sat va md men truyén dong chua chinh xac hoic c6 thé do ton that tir truong
gay ra. M6 men trung binh dau ra tai cac dong dién 0,5A;0,75A;1,0A;1,25A; 15
A; 175 A; 2,0 A tuong ung 1a -0,9 Nm; -1,35 Nm; -1,95 Nm; -2,6 Nm; -3 Nm; -3,95
Nm; -4,4 Nm. Md men dau ra do duoc nhu Hinh 3.28 trong d6 md men dau ra mo
phong nhu mot ham caa dong dién &p dung. Tir Hinh 3.28 ta thdy rang md men dau
ra do dugc ciing phu hgp véi mé men mé phong ¢ cac gia tri khac nhau cta dong

dién dit vao, sai s6 dao dong tir 1,5% dén 5%.
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T Hinh 3.27, ta cling thay rang trong moi truong hop gia tri 6n dinh cia mo
men do duoc hau nhu dat duoc tai thoi diém 1,05 s. Do d6, thoi gian dap tng cia md
men cam tng dau ra 1a khoang 0,55 s, trong d6 thdi gian dap tng co hoc 1a 30 ms

nhu di dé cap trong thi nghiém trang thai tat.

- ——————— T =—%8A == 20A - 175A—-—15A
- =125A -~ 1.0A - 0.75A === 0.5A
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Hinh 3.26: Biéu d6 dong dién. Hinh 3.27: Két qua md men dau ra.
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Hinh 3.28: M6 men dau ra va dong dién ap dung.

Tién hanh twong tu cho dia 2. Tai mirc dong dién 0,5 A; 0,75 A; 1,0 A; 1,25 A;
15A;175A;2,0A; 2,5 A dugc ap dung cho cac cuon day ¢ mat bén cua dia 2 thi
cac dong dién trung binh do & trang thai on dinh thu dugc tir Hinh 3.29 lan luot la
0,505 A; 0,751 A; 1,0 A; 1,24 A; 1,49 A; 1,74 A; 1,985 A; 2,48 A gan bang véi gia
tri mong muédn. Thoi gian dap tng cua dong dién ap dung twong tu nhu trong Hinh
3.29 khoang 0,2 s.
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Tt Hinh 3.30 md men xoén dau ra trung binh do dugc trong trudng hop dong

dién 2,5 A & trang théai 6n dinh 12 4,7 Nm nhé hon mét chit so véi trong trudong hop

dia 1. Nguyén nhan chinh 1a ¢ trang thai tit gi4 tri md men xo3n khoang - 0,25 Nm

nhu d3 dé cap trong Hinh 3.25. Md men xoan dau ra trung binh & cac mac dong ap
dung 0,5A;0,75A;1,0A;1,25A;15A; 1,75 A; 2,0 A tuong tng 0,4 Nm; 0,9 Nm;
1,7 Nm; 2,4 Nm; 3,0 Nm; 3,4 Nm; 4,0 Nm.

M6 men dau ra do dugc va md ph

6ng so véi dong dién duogc thé hién & Hinh

3.31. Chlng ta thiy rang mé men dau ra do dwgc phi hop véi mé men mé phong &

cac gia tri khac nhau cua dong dién dat vao va sai s6 nho hon 5%.

Dong dién thuc té€ (A)

3.0 A
25 Y R S g g T
20 " - ——r— 3 (W)
15 -
10 el i TSN
05 Je seeeangea
E
0.0

.5 T T T T T T T
0.0 05 10 15 20 25 3.0 35 40

Thot gian (s)
Hinh 3.29: Biéu d6 dong dién.

6/——25A - — 20A----1.75A—-—15A
o= 26A === 1 0A s 0 TEA =omem 0.5A

NN LN Nl Ny

¢ e ———— PR N L O TP

R PRy O - g kS
. - o 7 N AR

M6 men dau ra (Nm)
w

-1 ] T T T T v T T T
00 ‘05 1.0 4.5 20 25 3.0 35 4.0
Thot gian (s)

Hinh 3.30: Két qua m6 men dau ra.
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Hinh 3.31: M6 men dau ra va dong dién ap dung.

Véi két qua tir Hinh 3.28 va Hinh 3.31 thi m6 men xoan dau ra do duoc hai

chiéu cia BMRA dugc mé ta bai Hinh 3.32. Két qua cho thdy mé men xoin dau ra
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hai chiéu cia BMRA duoc diéu khién boi dong dién &p dung cho cac cuon day. Cu

thé, néu mé men xoin dau ra nho hon -0,22 Nm (tinh theo CW va d6 I6n hon hodc

bang 0,22 Nm), thi dong dién duoc cip cho cac cuon day cua dia 1 va nguoc lai néu

m6 men xoan dau ra Ién hon -0,22 Nm thi dong dién duoc dat vao cac cuon day caa

dia 2. Mot diém dang cha ¥ rang md men ma sét trang thai nghi c6 thé duoc loai bo

bang cach dat mot dong dién thich hop vao cac cudn day cua dia 2. Tir Hinh 3.33 ta

cd thé tinh duoc dong dién 0,2 A, néu &p dung dong dién 0,2 A cho cac cudn day cua

dia 2 thi loai bo duoc md men xoan trang thai nghi caa BMRA, khi d6 m6 men xoan

dau ra bang khong co thé dat dugc. Hinh 3.33 biéu dién két qua thi nghiém khi cho

dong dién 0,2 A vao céc cudn day caa dia 2 tai thoi diém 0,5 s.
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Hinh 3.32: M men xoin dau ra cia BMRA2.
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Hinh 3.33: M6 men xoén dau ra bang khéng.
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Chlng ta thay mé men dau ra chuyén tir gia tri trung binh ban dau 1a 0,22 Nm
thanh mé men dau ra gan nhu bang khong khi dat dong dién 0,2 A vao cac cuon day
cta dia 2. Tuy nhién, sai s6 do nhidu trong khoang + 0,09 Nm. L&i do nhi&u nay dén
tir thiét bi do va ciing c6 thé do dong dién dat vao cudn day khong on dinh.

T6m lai trong phan nghién ciu nay da dat mot s6 két qua do 1a mot mé hinh co
ciu tac dong hai chiéu st dung MRF véi hai cuon day ¢ hai bén da duoc ché tao va
cac dic tinh cua n6 da dwoc nghién ctu véi két qua thir nghiém va md phong. Két
qua thir nghiém cho thay chap nhan véi sai s6 md phong nho hon 5%. Thoi gian dap
rng ctia m6 men xoan dau ra la khoang 55 ms (trong d6 tré co hoc 1a 30 ms) véi muc
nay dap tmg dugc cho cac hé thong phan hdi. Nghién ctru ciing cho thay ring mé men
ma sat ¢6 thé duoc loai bo bang cach ap dung dong dién 0,2 A cho cac cudn day caa
dia 2. Tom lai BMRA dugc phét trién trong nghién ciu nay c6 thé cung cap mot md
men dau ra mong muén & ca hai huéng.

Trong phan sau tac gia dya trén co cau hai chiéu nay dé phat trién cac hé théng
phan hdi lyc &p dung trong linh vyc diéu khién tir xa.

+ K&t qua nghién ciu trén cong bé bai:
Diep B. T., Le D. H., Nguyen Q. H., Choi S. B., Kim J. K. Design and
Experimental Evaluation of a Novel Bidirectional Magnetorheological Actuator,
Smart Materials and Structures, 29 117001, 21/09/2020.
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Chuong 4
PHAT TRIEN HE THONG JOYSTICK 3D PHAN HOI

LUC DUNG MRF

Gan day, mot s6 nghién cau vé hé théng phan hdi luc dung MRF d3 duoc thuc
hién. Hau hét cac hé thong phan hdi st dung MRF duogc phét trién dya trén cac dang
phanh tir tinh (MRB) v&i dang kiéu dia, kiéu tang trong, kiéu lai, cuon day bé tri &
mat tru than vo [36, 28, 59]. Tuy nhién chiing ¢6 hai nhuoc diém I6n cua viéc sir dung
MRB trong hé thong phan hoi luc la khdng kiém soat dugc md men xoan dau ra ban
dau (md men xo4n trang thai chua ap dung dong dién — trang théi tit) caa phanh va
phan hoi bi dong caa hé théng (phan hoi luc chi ¢6 thé dugc phan hoi khi nguoi diéu
khién thuc hién chuyén dong). Do luc tac dong trang thai tit cua cac MRB con 16n,
trong trudng hop luc phan héi caa hé théng nho thi lyc khdng duoc phan anh dan téi
lam giam hiéu suat caa hé thong phan hdi lyc. Bé cam nhan duoc lyc phan hoi, nguoi
van hanh can phai ¢ gang di chuyén tay cam diéu khién. Vi vay luc phan héi khong
dugc phan hdi cho nguoi van hanh néu hé thong phan hdi dang yeén.

Dé giai quyét nhitng nhuoc diém caa hé théng phan hdi luc dya trén MRB, gan
day co cau hai chiéu sir dung Iuu chat tir bién da duoc phat trién dé (rng dung cho hé
thdng phan hoi luc. Céac nghién ctru [42, 43] da phat trién can diéu khién phan hoi luc
2D, 4D sir dung cac BMRA. Tuy nhién, trong cac nghién ciru ndy con mot sé han ché
d6 1a do day cua dia 16n, hién tuong that ndt ¢ chai cua mach tir & phan vo hinh tru
va khé khin trong ché tao va bao tri. Pé khic phuc nhitng han ché cia BMRA_[56]
do Nguyen P. B thi nhém nghién ctu da dé xuat mot hé thdng joystick 3D gém co
cau gimbal két hop véi BMRA, phanh tuyén tinh MRF.

4.1 C4u tao va nguyén ly hoat déng cia hé joystick 3D.

Trong thyuc té, hau hét cac hé thdng phan hdi luc déu yéu cau phan hdi lec 3D

dé phan hoi toan bo luc van hanh cua nguoi diéu khién. Do dé, can ¢ mot hé thng

phan hdi luc 3D 1a rat can thiét, cho nén trén co so hé théng phan héi luc 2D [77] cua
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nhom nghién ctru trude d6 tac gia phat trién mot hé thdng joystick 3D phan hdi luc
c6 cac dac diém noi bat nhu sau:

- Vé thiét ké: Bb tri hai BMRA trén hai truc X va truc Y (biéu dién mé men Ty,
Ty), dong thoi bé tri mot phanh tuyén tinh sir dung MRF (LMRB) trén truc Z
(biéu dién luc Fp). Cac co cdu BMRA va LMRB déu duoc t6i uu hda co xét
dén khong gian 1am viéc, ma sat ngoai trang thai (trang thai khong ap dung
dong dién) va c6 xem xét luc tac dong can thiét phu hop cho hé phan hdi luc
thong thuong.

- Vé phan tich: trong nghién ciu trude ddy cac tac gia chi mgi phan tich luc
phan hoi don 1¢ con trong nghién ctiru nay thi viéc phan tich phan hoéi luc 3D
cua hé duoc thuc hién bang cach sir dung nguyén Iy cong &o.

- Vé diéu khién: xay dung cac bo diéu khién cho hé théng qua d6 tai vi tri bat
ky ctia nim diéu khién s& duoc xac dinh dua trén ma tran quay va duoc ghi lai
trong qua trinh van hanh can diéu khién. Ngoai ra, viéc kiém soat lyc phan hoi
thong thudng duoc dua vao sé tién hanh riéng biét bang cach kiém soat luc
héam cua LMRB.

Tir c4c phan tich trén nhom nghién ciru da phat trién mot hé thong joystick 3D

phan hdi luc dya trén su két hop cua hai BMRA, mot LMRB véi co cau gimbal duoc
thé hién boi Hinh 4.1

Hinh 4.1: So d6 dong hé thdng joystick 3D phan héi lyc.
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Hé thong phan hdi luc 3D hoat dong nhu sau: mdi BMRA (1, 2) ¢6 hai truc dau
vao s& duoc din dong bai hai dong co AC servo thdng qua hé thong banh ring con
dao chiéu, truc dau ra cua hai BMRA duoc két ndi véi hai truc cua co cau gimbal (4).
Co cau gimbal dugc van hanh théng qua mot tay cam (C) duoc tich hop véi LMRB
(3). Num diéu khién dugc gan chat truc caa LMRB, trong khi vo cia LMRB duoc
két ndi vai than truc Y cua co cdu gimbal théng qua chét xoay hinh cau va xoay quanh
chét nay doc theo khe than truc Y (mit phing 1). Tay cam duoc dit trong khe than
tryc X cua co cau gimbal va c6 thé tu do di chuyén doc theo khe nay (mat phang I1).
Véi cau hinh nay, luc tac dong doc theo tay cam dugc phan anh bang luc hdm cua
LMRB (di chuyén Ién xuéng theo truc cia LMRB), trong khi hai lyc tiép tuyén cua
tay cam (luc vudng goc véi tay cam) duoc phan &nh boi hai BMRA. Géc hoat dong
cua can diéu khién truc X va Y trong khoang - 60° dén + 60°
4.2 Tinh toan mé men/lwc cia BMRA va LMRB.

4.2.1 Tinh toan m6 men BMRA.

Trén co s¢ phét trién caa BMRA [78] di nghién ctru trude day thi tic gia chon

BMRA thé hién bsi Hinh 4.2,

Than vo

Dia phanh

7z Truc vao |
B rucvio2
MRF

7 7 710 8| cuon day

Truc dau ra

Phot chin MR

2z
2077

Hinh 4.2: Cau hinh cia BMRA
V& nguyén |y cau tao co ban cua BMRA khong khéc gi so voi cau tao di nghién
ctru phan trén (Chuong 3) nén viéc tinh mé men tuwong tu. Trong trudng hop nay luu

chat duoc st dung van 1a Iuu chat MRF132-DG véi cé4c gia thuyét ban dau thi cong
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thire tinh cho céc tinh chét luu bién cia MRF ciing twong ty nhu viéc 4p dung cho
BMRA ¢ Chuong 3 thi mé men dau cia BMRA ra duoc tinh nhu sau:

Ty =Tgqs —Tagz +Ts1 —Tg, (4-1)
RY; 2
Tay =255 1= (G) 1ot + 222 (82 - R)

2
+wal 1- (jj:;) Jlwg| + =22 (R%1 — R%y)

2
4 THasReip 7TH13Rc12 [ (1;001 | 1| + TL'Ty13 (RCLZ Rgol)
cl2 (4-2)
- R RCL 27T 14
4 THasRcor coZ (RCOZ) 1| + - (Rcoz R?ol)
2
+ n”zlti;Rd [1 RCOZ ] lw{| +—— 7TTy15 (Ri — Rioz
|a) R
2R3t (Ty16 + fa6 )
Tz Ry 2mt
Td2=%[ ]l 2|+ ym(Rcu_Rl?’)
g Cll

2
2o [y (5e)')1,,| 4 2102 B2, — R3)

T RY R 2nT
+ Thaslis [ — (222) w1 + yzs(Raz R%,1)

(4-3)
2
+7Tﬂ24Rcoz (RClZ) 2| + 7T‘L'y24. (Rcoz Rcol
M _ M 2MTy25 '3 _ p3
sty (Re)'] |+ 2228 R - RE,)
|wo|R
+27TR(21td(Ty26+.u26 - d)

tg
Trong do:
- Tb: md men dau ra cia BMRA;
- Ta1, Taz: MO men xodn truyén tir dia 1 va dia 2 dén vo caa BMRA,;
- Ts1, Ts2: m& men ma sat cua phét chan trén truc 1 va truc 2;
- Ra: ban kinh ngoai cua cac dia; Ri: ban kinh cta mat bich truc;
- 1tq: kich thuéc khe MRF: tq : bé day cua dia;
- @1 VA ax : van téc goc cua truc 1 va tryc 2;
- Rei1, Reot : ban kinh trong va ngoai cua cuon 1;

- Reci2, Reo2 : ban kinh trong va ngoai cuaa cuon 2;
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- M4, Tya: tuong tng 1a d6 nhét sau chay déo, tng suat chay déo cua cac khu vuc

MRF1, MRF2, MRF3, MRF4, MRF5 va MRF6 cua dia 1 va dia 2.

M6 men ma sat cia phét chan MRF ¢6 thé duoc udce tinh theo (2-24):
Ty = 0,65(2Rs;)%w,.”> (4-4)
T,z = 0,65(2R;;)2w,"? (4-5)
V6i  Rsi laban Kinh truc 1; Rs2 1a ban kinh truc 2.
w 12 van téc vong cua tryc (vong/phdt).
4.2.2 Tinh toan lyc hdm LMRB.

CAu tao co ban cua LMRB thé hién bai Hinh 4.3. Nguyén |y hoat dong cua
LMRB la truc phanh s& dugc truot trén hai bac truot & hai dau, hai bac truot nay duoc
cb dinh trén than cua LMRB, khe ha giita truc va than LMRB s& duoc dién day MRF,
trén than LMRB bd tri cac cuon day dé tao ra tir thong cho LMRB. Dé ngin khong
cho MREF r0 ri thi ¢6 bé tri hai O-ring & hai dau caa LMRB.

Than LMRB

=~ Truc LMRB

B Cuon day
{  Wm MRF

’ n Duong stre tir

R @ Phét chin MRF

Lpo | wer Ly ci

Hinh 4.3: Cau hinh ctia LMRB.
Luc hdm cta LMRB dugc tinh theo cong thuc (2-23):

Foy = W + 2(nRy LTy + Fyy) (4-6)

Trong do:
- Ry la ban kinh cua truc;
- tg lakich thudc khe MRF;

- u lavan téc twong ddi giira truc va vo;
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- W, 1y 12 d0 nhét sau chay déo va ang suat chay MRF;
- L : chiéu dai cua 6ng MRF;
Lwc ma sét giira truc va vong chan MRF [53]:
For = feLo + frAs (4-7)
Trong do:

Lo 14 chiéu dai bé mat ma sét;

fo 12 ma sét trén mot don vi chiéu dai caa chu vi truc (f; = 87,5 N/mm)

fn 1a lyc ma sat cua vong chan;

- Arla dién tich tiép xdc.
4.3 Tinh toan téi wu h6a cho BMRA va LMRB.
4.3.1 T6i wu héa BMRA.

Viéc thiét ké t6i uu ciia hai BMRA d dugc trinh bay nhu trén. Can Iuu y rang,
trong thiét ké co cau tac dong dung MRF thi md men dau ra va khéi lugng hoic thé
tich la hai myc tiéu quan trong nhung lai mau thuan véi nhau. Trong nghién ciru nay
tryc caa BMRA quay Véi téc d6 6n dinh twong d6i nho (60 vong/pht) nén lyc quan
tinh ciia cac BMRA ¢6 thé bo qua. Vi vay thé tich cia cac BMRA duoc thiét 1ap 1am
ham muc tiéu trong viéc t6i vu hoa cac BMRA dé kich thudc va chi phi nhé nhat.
Ngoai ra, mdé men dau ra bi rang budc Ién hon gia tri yéu cau dugc xac dinh tir luc
phan hoi t6i da theo mong muén. Viéc téi wu hoa 1a di tim gia tri cac kich thuéc hinh
hoc cia BMRA dé thé tich hiéu dung caa nd 12 nho nhat va duoc xac dinh nhu sau:

Vemra = TRZ. L (vai rang buoc: T, = Ty,) (4-8)
V61 R la ban kinh ngoai BMRA;
L 14 chiéu rong hiéu dung cua BMRA
Tor 12 m6 men dau ra yéu cau téi da va dugc xac dinh tir lyc phan hoi mong
muén téi da mdi huéng nhu sau:
Tor = lmaxFmax (4-9)

Vi Fmax 12 luc phan hoi téi da mong mudn mdi huéng duoc chon bang 20 N;

Imax 12 chiéu dai téi da cua can diéu khién 1a 200 mm. Tir d6, m6 men dau ra yéu cau

t6i da co thé dugc tinh 12 4 Nm. Trong nghién ctru nay, mo men dau ra téi da yéu cau
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ctia cac BMRA duoc thiét 1ap biang 5 Nm dé bu cho viéc mé hinh thiéu chinh xac va
t6n that niang luong.

Cac bién thiét ké caa BMRA 1a chiéu cao cac cudn day (hei, he2); chiéu rong cua
cudon day (we); ban kinh ngoai, trong cta dia (Rdo, Rai); Vi tri ctia cudn day (Rcit, Rei2);
d6 day cua dia (tg); do day caa vo hinh tru (to); d6 day phan bén ngoai vo bén (tn), khe
Iuru chét (tg) theo kinh nghiém chon ty= 0,8 mm. Di véi d6 day thanh mong cua vo
(tw), chon theo kinh nghiém la 0,6 mm.

Dé tinh toan tng suat chay déo va do nhét sau chay déo cia MRF trong cac khe
MRF, trudc hét phai xac dinh mat do tir thong trén cac 6ng dan nay. T4c gia van sir
dung phan mém ANSYS dé giai quyét van dé tir tinh va sau d6 mat do tir thong dugc
tinh toan. Mé hinh PTHH s dung 1a phan tir cap déi xang truc (PLANE 13) phan
mém ANSYS é&p dung cho BMRA duoc biéu dién boi Hinh 4.4

Hinh 4.4: M6 hinh PTHH phéan tich mach tir BMRA.

Két qua téi wu cia BMRA duoc trinh bay bai Hinh 4.5 cho thay khi md men
dau ra toi da bi rang budc bang hoic 16n hon 5 Nm véi do chinh xac 2%. Ciing can
lwu ¥, ty 16 dién dy cudn day duoc lay bang 80% trong khi ton that tir tinh duoc gia
dinh 10% duya trén kinh nghiém thuc nghiém. Ty Ié hoi tu cta tdi wu héa duoc dat
bang 0,1%. Pudng kinh diy dong bang 0,511 mm va dong dién tbi da (I = 2,5 A)
duogc ap dung cho céc cudn day trong qué trinh tbi uu hoa.

Két qua trong Hinh 4.5a cho thay rang téi vu duoc hai tu & vong lap thi 40 tng

Vvéi thé tich hiéu dung cuia BMRA 1a 269 cm? va khéi luong twong tng 1a 2,05 kg va
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ta thay rang khéi lwong BMRA gan nhu duoc giam ¢ mac toi da. M6 men xoan dau

ra 1a 4,99 Nm gan biang véi md men xoin theo yéu cau. Céc két qua tbi wu duoc dua

ra trong Bang 4.1. Bé hiéu rd hon vé két qua tdi wu cia BMRA thi phan b mat do

tir théng cuia BMRA & mic ti wu duoc thé hién trong Hinh 4.5b, cho thdy mat do tur

thong tai cac birc trdng mong dat dén do béo hoa tir cua vat liéu vo theo yéu cau.

Thé tich/Khéi lwong

a) Khdi lugng va mé men ciia BMRA.

.477437

45 : 8
| Thé tich (cm3x10-2
a0l —~ = Khéi luong (Kg)
I - « = - Md men diu ra (Nm) 16
354
aolf \ T
44
25
20/ 12
1.5+
1.0 1 L 1 1 - - L
5 10 15 20 25 30 35 40
Vong lap

Mé men dau ra (Nm)

1.417
[m]

1.457
m}

.796304
o

.606909

.604

b) Mat d6 tir thdng & muc t6i wu.
Hinh 4.5: Giai phép t6i wu hoa cia BMRA.
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Bang 4.1. Két qua t6i wu cia BMRA.

Théng sb thiét ké (mm) Dic tinh hoat dong
We1 = We2 = 4,25; her =7,4; heo = 6,2; Reiz = 29; Tmax= 4,99 Nm; Py =24 W
Rei2 = 47,5; Ri = 20; Ro = 56,6; ta=4; V =269 cm3; mp = 2,05 Kg
R=594;t=3,2,L=243;ty =0,6; t,=0,8 Re1 = 1,68 Q; Re2=2,16 Q

4.3.2 T6i wu héa LMRB.

Déi véi LMRB thi than vo duoc gan vao than truc Y cua co ciu gimbal va tu
do chuyén dong bén trong rénh cua than truc Y. Trong trudng hop nay, chiéu rong
cta khe duoc chon 12 32 mm va duong kinh ngoai cia LMRB thiét 1ap bang 30 mm.
Trong thuc té, luc trang thai ban dau cua LMRB 1a khong thé kiém soat va anh huong
truc tiép dén hiéu suat cua can diéu khién. Néu luc trang thai ban dau Ién thi can diéu
khién khong thé phan xa luc nho cho nguoi diéu khién. Do d6, trong thiét ké cua
LMRB thi lyc trang thai ban dau cang nho cang tot.

Tir cAc van dé trén thi viéc tim céc gid tri t6i wu cac kich thudc chi yéu cua
LMRB sao0 cho c6 lyc trang thai ban dau giam dén thap nhat c6 thé va duogc xac dinh
bai cong thire sau:

_ 2mugRgLau

FdO = T + Z(RRledTyO + FOT‘) (4'10)

Véi rang bugc Fp, > F,., R; <30 (mm)
Trong do:

- 110 VA 70 14 d6 nhét chay déo va tng suat cua MRF o trang thai tat;

- Ry la ban kinh LMRB, Lg la chiéu dai 6ng MRF, R 1 ban kinh truc;

- For 12 lyc hdm cua LMRB (For= 20 N, luc yéu cau ti da cia LMRB dugc dat

bang 25 N dé bu cho mé hinh thiéu chinh xé&c va that thoat ning lugng).
Chiéu cao cuon day (ha), chiéu rong cudn day (wei), goc vét cudn day (cr, c);

chiéu dai 16i bén trong va ngoai (Lpo, Lpi), ban kinh truc (Rs) va do day vo (tn). Tat ca
thdng sé hinh hoc ciia LMRB trén déu duoc chon 1am bién thiét ké khi t6i uu hoa
hinh hoc cho LMRB. Tuong tu dé tinh todn (ng suat chay déo va do nhét sau chay

déo ciia MRF trong khe luu chat cia LMRB, tac gia van tng dung phan mém ANSYS
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dé giai quyét van dé tir tinh va sau d6 mat do tir thong dugc tinh toan. M6 hinh phan
tir hitu han sir dung 12 phan tir cap ddi xang truc (PLANE 13) cua phan mém ANSYS
&p dung cho LMRB duoc hién thi trong Hinh 4.6.

gy

LI T T
)
1L h
T
31 %1
Jrdy
)
O O i)
Ly
B T
513 h

Hinh 4.6: M6 hinh PTHH phén tich mach ti LMRB.

Tuong tu cho giai phap téi wu cho LMRB véi luc phanh téi da 25 N. Véi kich
thugc khe MRF dugc lay theo kinh nghiém 13 0,6 mm trong khi d6 day thanh méng
(d6 day gitta cuon dady MRF) dugc 1ay 0,5 mm. Tir Hinh 4.7 ta thay rang sy hoi tu
Xay ra sau vong lap tha 39, tai d6 luc trang thai ban dau la 4,95 N. Lyc phanh téi da
1a 24,94 N gan bang véi luc can thiét. Ban kinh ngoai cua vo 12 14.5 mm nho hon gia
tri rang buoc. Chiéu dai hiéu dung cia LMRB 1a 39 mm trong khi khéi lwong cua nd
12 0,2 kg. Phan bé mat do tir tinh caa LMRB thé hién trong Hinh 4.8. Cac gia tri toi
uu cuia bién thiét ké va tham sé hiéu suat cia LMRB thé hién boi Bang 4.2.

70 ; 20
Luc trang thai tat (N*10)

— == Luyc tic dong téi da (N)
- Ban kinh ngoai (mm)

(o)}
o
1
—
0

-l
(&2}

—
NS
Ban kinh ngoai

=y
N

Luc tac dong Off-state/Max

Y
o

Vong lap
Hinh 4.7: Két qua t6i wu cia LMRB.
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.7T77BES .

53 466294
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Hinh 4.8: Phan b tir thdng & muc téi wu LMRB.
Bang 4.2. Két qua ti uvu cua LMRB.

Thong so thiét ké (mm) Dic tinh hoat dong
Wer =11,3; ha =7,4; ¢ = 4,85; ¢r = 2,85; Fann = 4,95 N,
R =14,8; Lpo = 4,0; Lpi = 8,0; Li= 38,7 Fmax = 24,94 N; mp= 0,2 Kg
tw=0,5;tc=2,1; Ra=4,5; t=0,5 Pv=45W;R=2,3Q

4.4 Phan tich luc ciia hé thong phan hoi luc 3D.

So d6 dong hoc cua can diéu khién caa hé phan héi lyc nhu Hinh 4.9

21
\

Z;

Hinh 4.9: So dd dong hoc cua can diéu khién.
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Tai vi tri bat ky cua tay cam & vi tri P véi truc Z ¢6 chiéu dai |, ta xoay can mot
goc ¢x theo truc X va ¢y theo truc Y thi vi tri ciia diém hoat dong P (vi tri nim diéu

khién) duoc xac dinh bai:

xp 0 0 lc(¢x) S(¢y)
rp = |Yp| = RyRx 0‘ = Ryy [0 = |=Is(¢x) (4-11)
Zp l l le(gx)c(dy)
V6i Rx va Ry tuong trng la ma tran xoay truc X vay.
1 0 0 c(dy) 0 s(¢y)
Ry =10 c(¢x) —s(@)|;Ry=| O 1 0
0 s(dr) c(ds) —s(¢x) 0 c(oy)

c(dy)  s(@x)s(y) c(Px)s(ey)
Ryy = 0 c(dx) —s(bx) (4-12)
_S((;by) C(d)y)s(qu) C(¢x)c(¢y)

Vi s: sin; ¢: cos

Véi gia thuyét rang luc quéan tinh, md men quan tinh cua hé thong duoc bo qua
thi quan hé gitta mémen/luc tac dong (md men dau ra cia BMRA va lyc hdm cua
LMRB) véi luc hoat dong tai nim diéu khién c6 thé dugc xac dinh theo nguyén ly

cong ao nhu sau:

T, 6, +Ty5¢y +Fpdl + F,6xp + Fy,p(Syp + F,p62z, =0 (4-13)
Phuong trinh (4-16) co thé viét lai nhu sau:
5¢, 8x,
[Tx Ty Fp]|6py|+[Bp Bp Fpl|6¥p|=0 (4-14)
ol 8z,

Vai:
- Ty va Ty twong ung la mé men xoan dau ra cia BMRA ddi vai truc X va Y va
F, la luc hdm cua LMRB;
- 3¢, S, 8l twong tng 1a chuyén vi ao theo phuong X, Y va huéng | (doc theo
can diéu khién);
- Fxp, Fyp V& Fzp lan luot 12 lyc van hanh tai nim thao tac theo hudng X, Y va Z;

- dXp, dYp, 82p 12 chuyén vi a0 cua nim thao tac ¢ cac hudng X, Y va Z.
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Chuyén vi a0 ctia nim c6 thé tinh nhu sau:

dx,
81, = |0Vp | = 87155y + 61, (4-15)
8z,

Véi 8T, ., 12 dich chuyén vi a0 clia niim diéu khién tuong tng véi céc dich chuyén
a0 8¢, 8¢y, CON 6, laung vai dich chuyén 4o 61. Do d6 phuong trinh (4-15) dugc

viét lai nhu sau:

6T'p’xy = [R5¢xR5¢y — I] T'p (4‘16)
c(dx)s(dy)

oty =2.8l=| —s(¢r) |6l (4-17)
C(d)x)c(d)y)

Trong do6 Rs,, la matran xoay cua chuyén vi 40 8¢, theo phuong X, Rs¢, 1amatran
xoay cua chuyén vi 40 §¢,, theo phuong Y. Vi chuyén vi 40 8¢, §¢, rat bé nén ta
cé cac quan hé sau:

-C(6¢y) S(6¢x)5(6¢y) C(5¢x)5(5¢y)
Rs¢ Rsep, = 0 c(6¢,) —c(6¢y) ]
-_S(5¢y) C(6¢y)5(5¢x) C(6¢x)c(5¢y)
[ 1 0 5(dy)
=l 0 1 =6(ds)
|—6(Py)  6(Px) 1

Tir phuong trinh (4-11),(4-15) dén (4-18) c6 thé dat duoc:

5x, 0 zp X/ 18y
53’1)‘ = l_zp 0w/l [5(053/)]
8z, Vp

0

(4-18)

—x, z,/1 6l

le(hr)e(Py)  c(Px)s(Py)] 60, 5S¢y
= |=lc(¢x)c(dy) 0 —5(Px) [&l)y] = Jxv- [6¢y] (4-19)
_l5(¢x) _lc(¢x)s(¢y) C(¢x)c(¢y) 6l !

Thé phuong trinh (4-19) vao (4-14) ta dat nhu sau:

5, o
[T Ty —Fp]|6¢p, |+ [Fp Bp FplJxy [6¢x] =0 (4-20)
dl ol
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Tir phuong trinh (4-20), md men/luc tac dong cd thé dugc tinh tir luc hoat dong tai

nim can diéu khién.

Tx FxP
= —Jxv | Fp (4-21)
Fb sz
Quan hé gitra luc tac dong cu bo vai luc tac dong toan cuc cho baoi:
FXP FxZ
E vo| = Rxy F y2 (4-22)
sz Fzz

Tu phuong trinh (4-21) va (4-22) quan hé gitra luc cuc b tai nim va luc tac dong

(md men dau ra cia cac BMRA va lyc hdm cia LMRB) dugc thé hién bang:

T Fyr —ls (¢x)s(¢y) lc(d)y) 0 7|Fx2
Ty = —JxyRxy | Fyz| = —lc(py) 0 0 ||Fy2 (4-23)
Fb FZZ 0 0 -1 FZZ

Néu lam tuong tu, thi tir vi tri ban dau néu tay cam quay mét goc ¢, theo truc Y sau
d6 quay mét goc ¢, theo truc X, quan hé luc hoat dong cuc b tai niim diéu khién va

lwc/mé men tac dong co thé xac dinh bai:

T Fy, 0 lc(¢y)
Ty| = =JxvRyx |Fy2| = | =lc(¢x) ls(cpx)s(qby) (4-24)
Fb FZZ 0 —1 Fzz

Tir phuong trinh (4-23) va (4-24) nhan thay rang lec phap tuyén chi phu thudc vao
luc giam chan tuyén tinh (F, = —F,,). Do d6, viéc diéu khién lyc phan hdi phap tuyén
F2 ¢6 thé diéu khién boi lyc giam chan caa LMRB, con viéc diéu khién cac lyuc tiép
tuyén Fxz va Fy2 bang cach két hop diéu khién cac md men dau ra Ty va Ty caa BMRA.

Tong quat vai vi tri cua tay cam tuy y thi dugc xac dinh bai ma tran xoay téng quat

R nhu sau:
T, F,, 0 z, x,/1
Ty| = —J&R|F2l; Jw=|"% 0 ¥/ (4-25)
Fy F,, Y, X Z /1

V¢i phuong trinh (4-25) ching ta cé F, = —F,,, Txva Ty la hai ham cua F,, va F,,

89



Chuong 4

4.5 Thiét ké, ché tao hé théng phan héi luc 3D.

Sau khi c6 cac gié trj cac thong sé t6i vu cia BMRA va LMRB thi nhém nghién

ctru dya trén cac sé lidu tdi wu két hop véi céc tiéu chudn co khi dé tién hanh thiét ké
hé théng phan hdi luc 3D hoan chinh.
= Dbi v6i BMRA (Hinh 4.10): (1, 12) vo ngoai; (2, 13) vé trong; (3) truc 1; (4)
truc 2; (5) 6 lan kép; (6) phot chan MRF; (7) cudn day; (8) dia 1; (9) dia 2; (10)
6 5 truc; (11) truc dau ra.

Hinh 4.10: Ban vé CAD cta BMRA.
= Pdivéi LMRB (Hinh 4.11): (1) & cam bién luc; (2) truc; (3) ndp trén; (4) phot
chan; (5) vo ngoai; (6) cudn day; (7) bac truot;; (8) nip dudi; (9) bac dan huéng.

ot bl
'ﬁk\\\\
k\\\\\\\\s.__

NRRNNNNN 7

S

TERS
Pl
| .‘)

Hinh 4.11: M6 hinh CAD cua LMRB.
Sau khi thiét ké BMRA va LMRB téc gia tién hanh hoan thién mé hinh 3D cua
hé thdng joystick 3D phan hdi luc biéu dién boi Hinh 4.12.
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AC servo

BMRA y 3D Force BMRA x

Encoder X Encoder Y

Hinh 4.12: M6 hinh CAD va thyc té cua hé joystick 3D.
Tir ké qua thiét ké tac gia tién hanh ché tao va hoan thién hé thdng vai su két
ndi céc thiét bi can thiét duoc thé hién boi Hinh 4.13.
AC Servo Y BMRA Y AC Servo_X

Num diéu
khién

Cam bién
3D

LMRB

Cam bién goc Cam bién goc BMRA_X Hé banh
phuong Y phuong X rang con

Hinh 4.13: M6 hinh thuc té hé joystick 3D.
4.6 Thuc nghiém va két qua mé men BMRA va luc LMRB.
Cha y rang s vong thuc té cac cudn day cia BMRA 1a ni = 90, nz = 80 (trong
tinh toan 1a 97 va 81), véi LMRB thyc té 12 220 (trong tinh toan 1a 230 vong).
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M6 hinh thuc nghiém can diéu khién phan hdi luc 3D dugc thiét 1ap thé hién &
Hinh 4.14. Thé PCI (N1-6289) duoc si dung dé twong tac giita can diéu khién va
may tinh sir dung cong cu hé thong DSP (Matlab). Mot cam bién luc 3D duoc lap tai
cudi tay cam dé xac dinh luc van hanh thuc té Fy, Fy2 Va Fa.

Vi tri g6c truc X va Y cua co cau dugce do bang cam bién goc. Tir thdng tin cua
cam bién gdc thi vi tri goc (¢x, @) cua tay cim dugc xac dinh va vi tri cua diém van
hanh dugc tinh bang cong thirc (4-11). Dong dién cung cap cudn day tir 0 - 2,5 A,
duoc diéu khién bai may tinh (tin hiéu diéu khién véi dién ap 0 - 5 V). Thong qua bo
khuéch dai cac dong co dugce diéu khién bai may tinh dé dong co quay véi téc do
khong d6i 600 (vong/phut) nhung qua hop s ¢6 ty s6 truyén 10:1 1am cac truc BMRA

quay Vvai toc do 60 (vong/phat).
Driver May tinh

NI 6289 card

A 3t A
Bo dicu
khién nguon

BMRA_Y

LMRB BMRA_ X

Hinh 4.14: M6 hinh thuc nghiém can diéu khién phan hoi 3D.
Truéc hét, md men xodn dau ra cia cac BMRA nhu 1a mot ham cua dong dién
&p dung cho cudn day duoc nghién ciu. Véi cac két qua thir nghiém nay sau d6 duoc
sir dung dé kiém soét luc phan hdi cua can diéu khién, mé men dau ra ciia cic BMRA
duoc do tryc tiép trén can diéu khién. Bé danh gia md men dau ra cia BMRA 13 ham

s6 cua dong dién 4p dung, truc cia LMRB (can diéu khién) duoc diéu chinh sao cho
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khoang cach tir vi tri cam bién luc dén tam cua can diéu khién 12 200 mm, sau d6 tay
cam duoc ¢b dinh theo hudng Z (vi tri thang dung).

Céac dong co duge didu khién dé quay voi téc do khong doi 600 vong/phat va
cac lyc tai diém van hanh (Fx, Fy2 va F22) duge do bang cam bién lyc. T c4c luc do
dugc, md men dau ra cia BMRA _x va BMRA _y sau d6 co thé duoc tinh bang cach
nhan cua lyc do twong (g va chiéu dai tay cam (200 mm). Trong thir nghiém dau
tién, md men dau ra ¢ trang thai ban dau (khong c6 dong dién ap dung cho cuon day)

duoc ghi nhan va dugc biéu dién trong Hinh 4.15.

0.00 I: dong co tat
II: dong co hoat dong
-0.05 ta—1
E _n |
£ -0.101 ) >
=
QE, ]
o -0.151
= J
-0.20
-0.25
0.9
0 1 2 3 4 5
Thoi gian (s)
a) BMRA x
0.00 - Jomumen I: dong co tat
; II: dong co hoat dong
-0.05 ¢
_ PR | _
Z -0.10-
g
£ .0.15-
«©
p=
-0.20
-0.25
0.9
0 1 2 3 4 5
Thot gian (s)
b) BMRA_y

Hinh 4.15: M6 men xoan cia BMRA & trang thai ban dau.
Két qua tir Hinh 4.15 c6 thé tinh gi4 tri 6n dinh trung binh ctiia cac md men dau

ra trang thai ban dau tuong tng 1a -0,218 Nm va -0,215 Nm. Gia tri am c6 nghia 1a
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m6 men dau ra nam cung hudng voi truc 1 (CW) caa BMRA. Diéu nay la do duong
kinh cua truc 1 16n hon truc 2 dan dén mé men ma sat cao hon truyén dén vo. Ngoai
ra, 6 lan kép duoc sir dung cho tryc 1 1am cho ma st cao hon 6 lin don duoc sir dung
cho truc 2. Véi cach thay doi dong dién &p dung, cic md men dau ra cia BMRA ¢
c4c gia tri khac nhau cua dong duoc ap dung co thé duoc do theo cling mét cach.
Hinh 4.16 cho thay két qua thir nghiém mé men dau ra caa BMRA_x nhu 1a mot ham
cua dong dién duoc ap dung. Trong Hinh 4.16a, md men diu ra nhu 1a mot ham cua
dong dién ap dung cho céc cudn day ¢ phia bén cua dia 1, trong khi d6 ddi véi céc
cudn day & phia bén caa dia 2 duoc hién thi trong Hinh 4.16b. Tur cac s liéu, cho ta
thay sy phl hop giita mé men dau ra duoc tinh toan va mé men dau ra do duoc cua
BMRA_x. N6 ciing duwgc quan sét tir cac s6 liéu rang, tai dong dién ap dung 2,0 A thi
cudng do caa md men dau ra I6n hon muc ti da can thiét (4 Nm).

Tu Hinh 4.16, dong dién &p dung cho cac cuon day trong khoang tir 0 — 2 A
nhu 1a mot ham ciia moé men dau ra c6 thé dugc lay va thé hién trong Hinh 4.17. Ap
dung duong cong xap xi bac 3, ¢d thé tinh duoc dong dién &p dung cho cudn day cua
BMRA_x md men xoin dau ra bang:

I, = —(0,1914 + 0,9367T, + 0,2157T2 + 0,0261T2) (Tx < -0,218 Nm)  (4-26)
I, = 0,1921 + 0,72153T, — 0,18035T2 + 0,02778T3 (Tx > -0,218 Nm) (4-27)

0.0 : = a— ' : e .
_\‘.;:\ —-—Thucté  =---- Mo phong 5.6 1 —+=Thucte  ====~ M6 phong
"Wy
_ N A
g -1.21 2 - T
% \\~~\“ E 4 2 i ‘:‘;;I
& 24 \‘\\1\ < 2
24 s 2
P- AN =28 A
*2 1 \\ g o
v /
g 3.6+ \’.\ g 1.4 ‘;/
© J \‘.\\‘ =) ‘,"/
= 4.8 .t " § -
= 004 .~ i
6.0 ; . . : ] , . . .
0.0 05 1.0 1.5 20 2.5 00 05 10 15 20 25
Dong dién ap dung (A) Dong dién ap dung (A)
a) BMRA x dia | b) BMRA x dia2

Hinh 4.16: M6 men dau ra chia BMRA_x 1a mot ham cua dong dién.
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25 1 - 1 1 25 T ) TR 1 I 1 1 1
=« = Thuc té ) — - — Thyc té
= — « — Duong cong xap xi — - — Puong cong xap xi
) 208 < 2.0 A
=0 .z
s ] N =0.1914+0 93677 +0 2157T3+0.0261TY) g ,/"//
5 e =. ¢
1.5 e o< 1.5- f
o ~. o 3
< ~_ N 2 "
(5. \"\ = /,’//'
o 1.0 I £14.04 e
=0 o 9 k=] -
£ S aD o
a . - 4
0.5 \. 8 05 .z \ . |
§ 27 1= 0.1921407721537 -0.180357;+0.02778T:
I -\ ,,
0.0 — , — U e
- -3 -2 -1 0.005 10 15 20 25 30 35 4.0
Mo men dau ra (Nm) Mo men dau ra (Nm)
a) BMRA x dia | b) BMRA x dia2

Hinh 4.17: Dong dién nhu ham md men dau ra ciaa BMRA_X.

Déi vai truc Y thi két qua thir nghiém mé men dau ra cia BMRA_y nhu 1a mot
ham caa dong dién duoc &p dung thé hién & Hinh 4.18. C6 thé thu dugc nghich dao
ctia md men dau ra so véi dong duoc ap dung theo cach tuong tu va dugc thé hién
trong Hinh 4.19. Bang céach 4p dung duong cong bac 3 thi dong dién ap dung cho
cudn day caa BMRA_y c6 thé duoc tinh tir md men dau ra bang céch:

I, = —(0,1927 + 0,9302T, + 0,2115T% + 0,0252T%) (Ty<-0,22Nm)  (4-28)
I, = 0,1958 + 0,72954T, — 0,18798T2 + 0,0261T3 (Ty>- 0,22 Nm)  (4-29)

0.0 L — L - L L L I L
oo, == Thucté ---a- Mb phong 5.6 == Thycte = =---- M6 phong

-

]
1
R4
\‘\
\

4.2 -

-2.4- N
2.8+ s

-3.6 1 N
1.44 al

Mo men dau ra (Nm)
7

M6 men déu ra (Nm)
i

-4.8 - X TP
S 0.04 .

'6.0 LI T v T L T v T v T T T T
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 25

Dong dién ap dung (A) Dong dién ap dung (A)
a) BMRA ydia 1 b) BMRA y dia 2

Hinh 4.18: M6 men dau ra BMRA _y 1a ham cua dong dién &p dung.
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25 1 1 1 1 25 PR 1 1 § S S U [ S—

— - — Thuc té — « = Thuc té '
— - — Duong cong xap xi — - — Duong cong xap xi

2.0 .4

g
o

™~
N
\‘\(_ _—1=(0.1927+0.93027 +0.2115T"+0.0252T’)

1.5 ~

(3]
/

o
/

1.04 ,.4‘-4

&/

0.5 - 2/ ‘ i
“ /" 1201958+072954T 0 1879877+0.0261T:
£ 4
- T v T v T . - 0.0 / T T T T T T T T T
4 -3 2 =1 00 05 10 15 20 25 30 35 40
M6 men déu ra (Nm) M6 men déu ra (Nm)
a) BMRA y dia | b) BMRA y dia 2

Dong dién ap dung (A)
/

Dong dién ap dung (A)
%

o
o
7

o
o

Hinh 4.19: Dong dién 13 ham cia md men dau ra BMRA .

Dé danh gia luc tac dong cia LMRB 1a ham cua dong dién ap dung cho cudn
day cua no thi trudc hét cac dong co AC servo khong hoat dong va tay cam dugc ¢b
dinh theo huéng thang ding. Mot dong dién dugc diéu khién bai may tinh duoc dua
vao cac cudn day. Sau do, truc LMRB dugc di chuyén vao/ra va luc theo hudng Z
duoc do bang cam bién luc 3D. Chl y rang ca hai luc tac dong vao/ra déu duogc do va
d6 16n cua chiing duoc tinh bang gié tri trung binh do 16n cua luc vao, ra. Hinh 4.20
cho thay luc thc dong cia LMRB nhu mot ham ciia dong dién. Ching ta thay rang tai
cuong do dong dién 2,5 A dat vao, d6 16n cua luc do duoc la 25,3 N trong khi luc md
phong 12 24,98 N, diéu nay c6 nghia 1a két qua mé phong va két qua do dugc chap
nhan dugc. Luc ban dau (cudn diy chua cap dong dién) do duoc 13 5,35 N trong khi
luc md phong 14 4,95 N. Tai dong dién bang 2.0 A dit vao thi d6 I6n cua luc tac dong
14 23.0 N, n6 I6n hon e cuc dai can thiét. Hinh 4.21 cho thay dong dién &p dung (tur
0 - 2A) cho céc cudn day dudi dang ham sé vai do 16n trung binh cua luc hudng
vao/ra cuia LMRB. Sir dung dudng cong xap xi bac 3 thi dong dién dit vao cac cudn
day c6 thé duoc tinh tir do 16n cua lee tac dong nhu sau:

I, = —0,99805 + 0,24302|F,| — 0,01246|F,|*> + 0,000329|F, |3, (|F,| > 5,35 N)
(4-30)
I, = 0khi|F,| <535N (4-31)
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Luc phanh (N)

a) Hudng vao

Hinh 4.20: Lyc ham ciia LMRB v6i d

-30 L L L L " 1 N 1 1 L
= = Mo phong L = = MO0 phong
1- -+ - Thucté . 1.+« Thuc té
-24 - g T 24 G
- v ’Z: - PR
18 i z 18 PRy
4 § $
> | o
-124 5 121
, = s’
9 — [
-6 4 s 6 1 > :
O T T T T 0 T T T T
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
Dong dién 4p dung (A) Dong dién 4p dung (A)

b) Hudng ra

ong dién ap dung.

1 1 1 1 1
20 =+ = Thuyc té
’ — - — Pudng cong x4p xi Vi
< 4
=0 K4
§. 1.54 7
o e
& e
< 1.0 1 ,,‘y
S Wy
o e
)
R 05- -
-
! . .
L 1,=-099805+0.24302F,-0.01246F +0.000329F))
0.0 +<— : r : .
5 10 15 20

Luc tac dong (N)

Hinh 4.21: Dong dién ap dung voi do 16n luc dau ra cia LMRB.

4.7 Pieu khién phan hai lwc cho hé joystick 3D.
4.7.1 Thiét ké bd diéu khién vong hé cho hé phan hdi luc 3D.

Dé diéu khién mot luc phan hdi mong mudn dén ngudi van hanh thi tac gia tién

hanh xay dung cac bo diéu khién vong ha. Hinh 4.22 cho thay luu do dé ghi nhan

mét luc phan hoi tiép tuyén can thiét tai mot vi tri bat ky cua can. Vi tri goc cua cac

truc can diéu khién duoc do bang bo ma hoa goc, trong khi chiéu dai cua can diéu

khién do bang bd do tuyén tinh (LVDT). Vi tri cia nam thao tac duge xac dinh boi:

Tp=

Xy, Vin» Z T=R[0,0,l]T
pr Ypr Zp

(4-32)
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Trong d6 R 14 tdng ma tran xoay cta can vai hé toa do toan cuc. Cha y thoi gian lay

mau la At = 0,01 s.

Khi d6 ma tran R duoc viét lai nhu sau:

R(t + At) = R(At)R(t) (4-33)
Khi d6 R(At) dugc viét lai:
c(d®y) s(d@y)s(dd,) c(dD,)s(dDd,) 1 9 ao,
R(A®) = Rag,Rap, = | 0 c(do,) —s@sy) || 0 1 —do,
—s(d@,) c(d®,)s(dDy) c(dDy)c(dDy)||—dD, dby 1
(4-34)
Tinh m6 men dau | Txp, Typ |M6 men-Dong dién | Ly Iy BMRAs ,| Luc phanxa
ra (Eq. 4-25) (Eq. 26+29) - tiép tuyén
Chiéu daitay | |Cam bién
Lyc mong mudn Tham s vi tri tay cdm [ | cam) tuyén tinh
(Fxz, Fyz) (R,L, xp, yp, 2p, Jxp) 1
| Cam bién
dgy gy f— 00

Hinh 4.22. Luu dd diéu khién ha cho luc phan hoi tiép tuyén.

Sau khi vi tri cua nim van hanh dugc xac dinh, ma tran Jyy duoc tinh theo céng

thirc (4-25). Tir luc phan xa mong muén (Fxe, Fy2) va cac théng sé caa vi tri ndm, mo
men dau ra cua cac BMRA (Tx, Ty) ¢6 thé xac dinh bang cong thic (4-25). Bé ghi

nhan cac md men dau ra can thiét, dong dién &p dung cho cac cudn day caa BMRA_x

dugc tinh theo céng thuc (4-26) va (4-27), trong khi dong dién ap dung cho cac cuon
day cia BMRA y dugc tinh toan theo cong thuc (4-28) va (4-29).

Thdng thuong luc phan hdi duoc diéu khién riéng biét nhu trong Hinh 4.23. Tir

day ta thay rang luc phap tuyén mong mudn (Fz), luc hdm cia LMRB (Fy) duoc xé4c

dinh bai Fy = Fz2. D& ghi nhan luc phanh can thiét ta cdp dong dién cho céc cudn day
cia LMRB dugc tinh béi cong thirc (4-30).

Luc mong

muon

A A

Fb=F:2

|Fb|=

Phuong trinh Iy

F(N)-I(A)

| Luc phan

LMRB

v

Xa

Hinh 4.23: Luu do diéu khién hg cho luc phan hdi thong thuong.
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Cac bo diéu khién vong ha trén duge thuc hién cho can diéu khién va cac két
qua thuc nghiém da duogc thu thap va trinh bay. Trong thi nghiém nay, mot luc mong
muén phan hdi 1a dang hinh sin s& dugc thuc hién. Budc dau tién, ndm van hanh duoc
cd dinh & vi tri tiy y va cac luc phan héi theo hudng X2 va y2 duoc do bang cam bién
luc 3D va két qua cho bsi Hinh 4.24. Luu ¥ rang trong truong hop nay, luc binh
thuong (Fz2) do dugc gan nhu bang khong vi tay cam dugc ¢b dinh va khong cé thao
tac nao duoc thyc hién dé di chuyén tay cim doc theo LMRB.

Theo nhu két qua cua Hinh 4.24 thi cac luc tiép tuyén phan hdi do duoc twong
d6i tot so véi cac luc mong mudn. Tuy nhién van c6 do tré khoang 30 ms so véi gia
tri mong mudn. Pidu nay chi yéu 1a do c6 do tré co hoc ciia phan tng md men Xoan

cua cac BMRA, chiing ta c6 thé dugc quan sat trong Hinh 4.24.

309. .. Fo-mongmuén = .= Fy, - mong muén
Fy2 - thuc té —— Fy2 - thyuc té
20 -
z
o 104
< :
= J
=
o 04
Q
= ]
a
-10 -
-20 -
0 5 10 15 20

Thoi gian (s)
Hinh 4.24: Két qua caa BMRA_x, BMRA _y (can dung yén).
Budc thi 2, tir vi tri ban dau (xp= 0, yp= 0, zo = 200 mm), mot chuyén dong tuy
y cua tay cam dugc thuc hién va luc ¢ gang tir nguoi van hanh dugc do bang cam
bién luc 3D, két qua dugc trinh bay trong Hinh 4.25. Vi két qua nay thi ta ciing thay
d6 tré khoang 30ms giita gia tri do duoc véi gia tri mong mudn. So véi két qua trong
truong hop tay cdm duoc cb dinh, luc tiép tuyén trong trudng hop nay cé su thay doi
cao hon mot chut. Piéu nay rd rang 1a do chuyén dong khong on dinh cua tay cam.
Déi voi luc phap tuyén, ta cling thay ring hé khong thé phan xa lec c6 do 1on nho

hon 5.3 N do luc ma sat ngoai trang thai di néi bén trén. Tai thoi diém ngudi van
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hanh thay d6i huéng chuyén dong caa tay cam (tir hudng vao sang hudng ra va nguoc
lai), c6 mot budc nhay tir gid tri hién tai cua luc phan hoi vé khéng, diéu nay la do su
thay doi huéng cua luc khi do. No6i chung rang lec phan hdi do duoc trong trudng
hop nay khong tron tru nhu trong trudng hop luc tiép tuyén chu yéu dén tir chuyén

d6ng khong 6n dinh cua tay cam do van hanh bang tay.

304 ... Fe-mongmuén — .= TF-mong mudn
Fy2 - thuc té Fy2 - thuc té
20 -
2 ]
o 104
=
: -
=
a. 0+
Q
=3 1
i
-10 -
-20 -
0 5 10 15 20
Thoi gian (s)
a) Keét qua cua BMRA x, BMRA y.
25 1 1 1

- Mong muén Fz» —— Thuye té Iz

Luc phan hdi (N)

Hudng thay dbi

0 é 110 ‘1'S 20
Thoi gian (s)

b) Két qua cia LMRB.
Hinh 4.25: Két qua thuc nghiém cua lec phan hoi hé 3D.
4.7.2 Thiét ké bd diéu khién vong kin cho hé phan hai luc 3D.
Trén co s md hinh thyuc té cua hé phan héi luc 3D da duoc ché tao thi tac gia

tiép tuc xay dung bo diéu khién kin dé diéu khién lec phan hoi mong mudn. Trong
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diéu kién trang théi tat, khi dong co quay vdi téc do khong ddi 600 vong/phat, mic
du khéng c6 dong dién nao cung cip cho bat ky cudén day nao cua BMRA, van ton
tai mot moé men dau ra nho duoc goi 1a mé men dau ra trang théi tit cia BMRA. Diéu
nay c6 thé duoc giai thich bai mé men ma sat khac nhau cua hai dau vao. Can phai
bl vé khong trude khi xac dinh mé hinh toan hoc cia BMRA. Tir két qua thuc nghiém
v6i dong dién dau vao timg budc, mé men dau ra dugc sir dung dé xac dinh mé hinh
toan hoc bang phan mém MATLAB [76] bang cach sir dung phuong phap nhan dang
ham truyén. Vi tin hiéu dau vao ngau nhién, dit liéu dau ra cua co ciu dugce thu thap
va sap xép theo chudi thoi gian ding dé nhan dang hé théng. Théng qua bo nguon
diéu khién thi dong dién ap dung cho BMRA tir - 2,5 dén 2,5 Ava 0 - 2,5 A cho
LMRB. Mé men truyén dong caa BMRA va luc cia LMRB duoc do bang cam bién
lyc ciing la dix liéu dau ra cho hé théng dung dé xac dinh mé hinh ham truyén bang
cach sir dung Iénh tfest véi sb pole bing 2 va zero bang 0. Dt liéu do dugc thuc hién
trong vong 10 s lién tyc véi thoi gian lay mau 1a 0,001 s. Céc hé sé cia ham truyén
duoc xap xi dé dat do chinh xac cao nhat. Két qua nhan dang md hinh cia BMRA dat
d6 chinh xac 92,7% va cua LMRB la 87,3%.

Ham truyén xap xi cho BMRA dugc thé hién nhu sau:

_Y(s) 2,105

" U(s)  1/26590s2+2452/26590s+1 (4-35)
M® hinh viét lai nhu sau:
al + bT +T = f(I) = 2,105] (4-36)

Véi a, b tham sb mo hinh khong doi, | dong dién dau vao cua BMRA, T 1a md men
cam tng cua BMRA, véia = 1/26590; b = 2452 /26590.

Két qua nhan dang cia BMRA va két qua thuc té dugc thé hién trong Hinh 4.26.
C6 thé thay rang, két qua nhan dang cua BMRA vai tin hiéu dau vao dudi dang ham
sin 1a twong dbi chinh xac. Két qua nhan dang BMRA duoc so sanh voi dix liéu thuc
té khi tin hiéu dau vao 1a ham néc véi cac gia tri cuong d6 dong dién 0,5 A; 0,75 A;
1A;1,25A,1,5A,1,75A; 2 A; 2,5 Athé hién trén Hinh 4.27. Két qua cho thay sai
s6 xac lap khi tin hiéu dau vao 1a ham nac tuong d6i 16n. Pit biét 1a ¢ cac muc dong
dien 0,5 A;0,75A, 1 A
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Mo mem (Nm)

M6 men (Nm)

Thoi gian (s)
a) Dong dién &p dung cho dia 1.

1 " 1 " 1 " L

! 1 | 1 . 6 .
— — MO0 men thyc te — — M6 men thue té
04 —— M0 men nhan dang ) —— M6 men nhin dang
= 45
g ]
& s
=
15}
g 29
«©
= 1
3 0
-6 T T T T -1 T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
a) bia 1 cia BMRA. b) bia 2 cuia BMRA.
Hinh 4.26: K&t qua nhan dang BMRA véi dau vao la ham sin.
¥ ‘ — 0.5A- - - -0.75A 1A . 1.25A - - - -0.75A 1A 1.25A
1.75A wreies 2Amimim 25A | 03 e 1BAemaa 1.75A e 2A=mim 2.5A
e e TR B e i tmmdt=] 000 N TN T et et T - TN T =
L2 TP U T L GRS PSR 1 W /é\
&
.t . mel " Ty ———. b ol E
(0]
g
«©
=R |\ S — =
- T
1_/:r.__, -------- P - R A Y A i e T T et
1'/.—-(-.’ _l_‘.’§,\~.'\|“’.’“,—\_|-’.\’ T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 0.0 0.5 1.0 15 2.0 2.5 3.0 35

Thoi gian (s)
b) Dong dién &p dung cho dia 2.

Hinh 4.27: Pap trng budc cua cdc BMRA.

Dé giai quyét van dé trén, ham xap xi £ (I) 1a ham bac 3 dya trén mdi quan hé

gitta T va | ¢ trang thai xac lap duoc sir dung. Ham xap xi f(I) dugc trinh bay nhu

Sau.

f(I) =0,01025 —0,53308 « [ — 1,63852 * I* + 0,42608 * I

(4-37)

Pép tng budc va két qua nhan dang mai cua hé thong cia BMRA dugc dua ra

trong Hinh 4.28. Biéu nay c6 thé thiy ring mé men truyén dong do duoc rat gan voi

m6 men truyén dong tir md hinh nhan dang.
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Tuong tu cho dap tng budc cia LMRB dugc dua ra trong Hinh 4.29. M6 hinh

cua LMRB duoc 4p dung nhu sau:
cF+dF +F = g(I) (4-38)

Véi F(N) 1a luc mong muén, 1(A) 1a dong dién ap dung , ¢, d tham s6 md hinh
khong doi, g(I) 1a ham s6 xap xi duoc xac dinh theo gi tri trung binh cta luc LMRB
¢ trang thai xac 1ap va cuong d¢ dong dién &p dung.
Két qua nhan dang nhu sau: ¢ = 1/649,5, d = 60,69/649,5

g(I) =5,01899 + 9,75739 = [ + 1,28363 = [ — 0,796 * I3

'——2J5A= — 2A- ‘- 175A—-—15A | " 25A— — 2A-- - 1.75A—-—15A
— o= 1.25A - A 0.75A-----0.5A . — - =1.25A---= 1A~ 0.75A ==~ 0.5A
. - S — <
Z : -
5 5 21
£ £ ———————
«©Q «©
E 2 -3 KRNy o] e S N e =T
41 N
- =7 7= -—
54
0,‘0 DfS 1,‘0 1,‘5 2,‘0 2?5 J,ID 3.5 0.0 O:S 1r0 175 2,‘0 2:5 3{0 35
Thoi gian (s) Thoi gian (s)
a) Dong dién ap dung cho dia 1. b) Dong dién ap dung cho dia 2.
Hinh 4.28: Bap tng budc cua cdc BMRA vaéi ham xap xi bac 3 f(1).
30 T T T T T T
— —T25A -~ - 2A=-T175A
— - 1.5A ---- 1A 0.75A—-~--0.5A
25 St Nyt -
~ 204
z A e e T W Fata ik
[5) s i T N Ti = e s — - er— —t e, - -
=,
— 154 == = = =
10 P T i e
5 T i T . T . T . T . T . T .
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
Thot gian (s)

Hinh 4.29: Pap tng budc cua LMRB véi ham xap xi bac 3 g(1).
Nhu di trinh bay & trén quan hé gitta luc tdc dung cuc bo tai num diéu khién véi

lyc/md men tac dong (md men dau ra cia BMRA va luc phanh cua LMRB) tinh theo
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cong thirc (4-24). Can luu ¥ rang lyc phan hoi phap tuyén ludn bang lec tat dan va
tach khoi luc tiép tuyén.
Do d6 phuong trinh (4-24) ¢6 thé viét nhu sau:

Tx] T [sz]
=—[J'R s Fp = 4-39
7| = VR |52 = (4-39)
Vé&i —[JTR],, la ma tran con 2x2 cua ma tran chinh —[J7R]

Trén co s& cac théng sé caa hé thdng phan héi thi nhém xay dung bo diéu khién

vong kin dé phan anh luc phan hdi mong mudn caa ngudi van hanh bai Hinh 4.30

, - Chiéu dai tay Cam bién
Thong 6 vi tri tay cAm [ | cam (dl) b tuyén tinh
(Ry 1, Xpy Yp, Zps Jxy) -
de., de, Cam bién goc

Y

Luc mong mubn Er|Luc-Moé-men|Er| Bo dicu [Lolnl: | 0 o - . an
(Fs, Fy, F) 4’@_’ (Eq. 4-25) | | khién > He thong = Luc téc dong

Hinh 4.30: So d6 diéu khién vong kin cua luc mong muén.
= Thiét ké bo diéu khién PID cho luc phan hdi
Trong bo diéu khién PID thi dong dién dugc xac dinh nhu sau:
Déi véi BMRA_x

~

L(t) = kpyex(t) + kpy [ e (£) + kpyéx(t) (4-40)
Déi véi BMRA _y

L,(t) = kpye,(t) + kyy, [ €, (t) + kpyéy(t) (4-41)
Déi véi BMRA _z

I,(t) = kp,e,(t) + ki, [ e, () + kp,é,(t) (4-42)
Trong do:

kex, Kix VA kpx lan luot 12 gié tri ty 18, tich phan va dao ham, ey 12 sai sb gitra gia
tri dau vao va ra cia BMRA x.
Key, Kiy, V& koy lan Iuot la gid tri ty 18, tich phan va dao ham, ey 12 sai s6 gitra gia

tri ¢au vao va ra caa BMRA y
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Kez, Kiz, VA Ko 1an luot 12 gia tri ty 1¢, tich phan va dao ham, e, 14 sai s6 giira gia
tri diu vao va ra cia LMRB
Dé danh gia hiéu qua cua bo diéu khién, mét trong nhitng tiéu chuan thuong
dugc su dung la ITAE (Integral of Time-Weighted Absolute Error) Ia tich phan sai
Iéch theo thoi gian dugc xac dinh boi:
ITAE = [ tle(t)|dt (4-43)
Trong d6 t la thoi gian moé phong, e(t) la sai Iéch thoi gian
SIMULINK la moét céng cu tich hgp trong MATLAB cho phép mé hinh hoa,
md phong, phan tich dong hoc hé théng. MATLAB optimization cia MATLAB cung
cap céc giai thuat ti wu hoa dé giai quyét cac bai toan téi wu uu rang budc va khong
rang budc. Trong luan an nay, tac gia sir dung cong cu toi uu hoa véi giai thuat c6 san
cia MATLAB (fminsearch) dé tim ra cac hé s6 cua bo diéu khién khi mé phong hé
théng trén SIMULINK sao cho tiéu chuan sai léch ITAE 1a nho nhat. Tir cac hé sé
tim duoc cua bo diéu khién dya trén md phong, cac thong sé thuc té cua bo diéu khién
s& duoc diéu chinh cho pht hop. Céc budce thuc hién ti wu hoa thong sb cua bo diéu
khién duoc thuc hién nhu sau:
- Budc 1: md hinh hoa hé théng joystick bao gom bo diéu khién trén
SIMULINK.
- Budc 2: xay dung tép MATLAB (m-file) véi ham muc tiéu la tinh toan tiéu
chuan sai léch ITAE
- Budc 3: sir dung ham “fminsearch” cia MATLAB Optimization dé tinh toan
c4c gia tri bo diéu khién sao cho gié tri ITAE nho nhét.
Tir cac gi4 tri t6i wu cua bo diéu khién duoc thuc hién trén MATLAB
SIMULINK sao cho tiéu chuan ITAE nho nhat. Cac gi4 tri thuc té duoc diéu chinh

nhu Bang 4.3

Bang 4.3. Thong sb diéu chinh cua ke, ki, ko
BMRA x kpx =10 kix=10 kpx=8
BMRA_y ku =9 kly: 0 kDy =7
LMRB sz:9 klz:O sz:2
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Qua két qua Bang 4.3 ta thay thi khau tich phan (khau I) khéng huong déang ké dén
két qua nén trong thuc té chi 1a b diéu khién PD.

4+ Két qua thuc nghiém: sai léch cua hé théng st dung PID 13 8%

40

3

S, T T - T ———
F. :T::m E it g ::!(?m Dong dién cua LMRB
204 -
—_ 24
= z
° &
a o
3 @
)
a
204
roranay saay sna mnar SN n & T T
0 b 1 2 3 4 5
a - e
(@) Thot gian (s) (b) Thoi gian (s)
Theo doi Fy, Fy, F, Dong yéu cau ciia LMRB
5 . — — . 5 : : T r
... Dong cung CffP cho bén thir nhat BMRA oo DONG cung cép cho bén thir nhat BMRA
4 Dong cung cap cho bén thir hai BMRA T 44 Dong cung cap cho bén thir hai BMRA T
2 S
© LS
& )
-0 g
- ]
-2 4 2 |
3 : : : : s ° ' ' ' '
© E W s ¢
01 gian (s) Thoi gian (s)
Dong dién yéu cau BMRA_x Dong dién yéu cau BMRA y

Hinh 4.31: Két qua thyc nghiém phan héi lyc theo PID.
= Thiét ké bo diéu khién SMC cho lrc phan hdi.
Tong quét ta co: al + bT + T = u(l)

DﬁtT=x1,x2=X1=T

J'Cl e xz (4'44)
. b
g =ton My (4-45)

[x; x,] 14 vecto trang thai, u 14 diéu khién dau vao.

a, b 1a tham sé xac dinh tir nhan dang hé théng (a = 1/26590, b = 2452/26590)

d: bao gébm dd nhidu va khong chic chan cua hé thong, |d| < D

Mat truot duoc xac dinh boi: s =ce+é (4-46)

Trong d6 e 12 sai s6 duoc xac dinh: e = x; — x
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Xd: gid tri mong mudn; x: gié tri do dwogc; ¢: hé s6 do doc mat truot (¢ > 0)

Ham diéu khién duoc dinh nghia nhu sau:

u=a [ksign(s) +cée+ x5 + %1 + %] (4-47)
Tinh 6n dinh cua hé thdng sir dung ham Lyapunov nhu sau:
1
V==5?
55

V =55 =s(cé+é)

= s(cé + (Xpq — %))

) R X bx
a [k31gn(s) +cé+ x4 + 71 + TZ x; bx, \

=s cé+<9’c2d— " _Z_7+d /

b b
=s<ce’+<[—ksign(s)—cé—x—1—ﬁ +x—1+ﬁ_d)>
a a a a

= s(—ksign(s) —d) = —k|s| — sd (4-48)
Khik > D thi V = —k|s| — sd < 0 h¢ thdng 6n dinh.

Tir cac gia tri t6i wu cua bd diéu khién duoc thuc hién trén MATLAB

SIMULINK sao cho tiéu chuan ITAE nho nhat. Cac gi4 tri thuc té duoc diéu chinh

nhu Bang 4.4
Bang 4.4. Thdng sb diéu chinh cua c, k.
BMRA_x c=15 k=14
BMRA_y c=14 k=197
LMRB c=17 k=10

+ Két qua thuc nghiém: sai léch cua hé thong sir dung SMC 12 4%.
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T T v T 30 T T T
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Hinh 4.32: Két qua phan hoi luc theo SMC.

Theo Hinh 4.31 va Hinh 4.32 thi két qua diéu khién luc phan hoi theo bo diéu
khién PID va SMC ¢ tan s6 3 Hz ciia ham sin twong tmg. D4i véi bo diéu khién SMC
cho két qua lyc mong mudn tét hon véi sai s6 nho bang 4%, nho hon b PID 8%. Lyc
theo ddi ciia PID dao dong lién tuc xung quanh lyc mong muédn gay ra béi su lién tuc
cua dong dién caa mdi bo truyén dong. Diéu nay dé hiéu Ia trong hé thdng co nhidu
va co cau khdng 6n dinh, PID khéng thé giai quyét tat ca cac nhuoc diém nay. Tuy
nhién, dong dién dau vao cia bo diéu khién SMC muot ma hon bo diéu khién PID.
Bén canh d6, diéu khién luc cua co ciu truyén dong bang SMC theo ddi tot véi huc
mong mudn. Nguoi ta ciing giai thich rang SMC ¢6 thé giam nhiéu, su khéng chac
chan va su thay d6i cua hé théng. Trong ca hai bo diéu khién, c6 thé thay riang luc
thuc té F, khdng thé theo ddi lyc yéu cau voi luc yéu cau nho hon 5,3 N, gay ra boi

luc ngoai trang thai cuaa LMRB. Hé thong thi nghiém phan héi luc trén c6 thé duoc
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st dung cho cac nghién cu tiép theo vé hé thong phan hoi luc dic biét 1a trong hé
thdng chu té trong diéu khién tir xa, ciing nhu tng dung trong phau thuit tir xa trong
y té sau nay.

T6m lai trong phan nghién ciu & Chuong 4 ¢6 mot s6 két qua dat duoc:

- Thiét ké tbi vu vé thdng sé hinh hoc cuia BMRA va LMRB thoa man cac yéu
cau vé mo men, luc dau ra;

- Mot hé théng joystick 3D phan héi luc véi co ché gimbal két hop BMRA va
LMRB di dugc ché tao va thuc nghiém;

- Céc két qua thir nghiém vé dic tinh hiéu suat ciaa BMRA va LMRB thoa man
véi két qua mo phong;

- Thiét ké céc bo diéu khién PID va SMC &p dung cho can diéu khién 3D véi két
qua cho thay SMC phu hop hon PID trong viéc kiém soét luc cua hé thong phan
hoi luc.

- Luyc tiép tuyén va tuyén tinh mong muébn dap tng tét theo yéu cau;

- Do tré cua hé thong khoang 30 ms.

- Han ché cua hé nay la LMRB c6 lyc ngoai trang thai 16n nén anh huéng téi kha
nang phan hoi lyc cia hé théng.

+ Két qua nghién ciru cong bé boai:

- Diep B. T., Nguyen Q. H., Kim J. H., Choi S. B. Performance evaluation of a
3D haptic joystick featuring two bidirectional MR actuators and a linear MRB,
Smart Materials and Structures, 30 017003, 01/12/2020.

- Diep B. Tri., Le D. Hiep, Vu V. Bo., Nguyen T. Nien., Duc -Dai Mai., Nguyen
Q. Hung. A silding mode controller for force control of magnetorheological
haptic joysticks, Modern Mechanics and Applications, LNME, pp. 1-13, 2022,
https://doi.org/10.1007/978-981-16-3239-6_83.
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Chuong 5
PHAT TRIEN TAY MAY 3D PHAN HOI LUC

SU DUNG MRF

Hién nay nganh cong nghiép da phat trién rat manh vé moi mat nhung van c6
mét s trudng hop phai 1am viée trong mdi tredng khic nghiét, doc hai 1a diéu khong
thé tranh khoi nhu trong nhitng linh vuc hat nhan, ha chat doc hai, phong chay chita
chay, ra pha bom min, phau thuat y khoa [60]. Do d6 dé dam bao an toan cho nhiing
nguoi phai lam viéc trong cac moi truong trén thi mot trong nhirng giai phap dugc ap
dung phé bién nhat hién nay 1a st dung Robot diéu khién tir xa d6 1a hé thong robot
chu-t6 (Master-Slave) [31, 32]. Vi cong nghé hién dai nhu 1a ky thuat camera da
duoc str dung dé quan sat moi treong 1am viéc, tuy vay viéc thiéu thong tin turong tac
tryc tiép cua hé théng nhu Iyc, mé men, chuyén vi... da anh huong khdng nho dén
kha nang van hanh, ciing nhu do chinh xac khi nguoi van hanh diéu khién hé théng.
5.1 Cau tao va nguyén Iy hoat déng.

Tir nhu cau trén nhdm nghién cau da phat trién mot hé thong phan héi luc 3D
dugce dé xuat nhu Hinh 5.1. Hé théng nay md ta lai co ché canh tay nguoi véi cac
khép that lung (khép 01), khép vai (khap 02) va khaop truot canh tay (khop 03). Trén
truc caa khép 01 bé tri mot phanh quay ding MRF (MRB_01) dung dé phan xa luc
tiép tuyén ngang mong muédn. Vé caa MRB_01 duoc ¢b dinh vao than cia canh tay,
trong khi truc cia né duoc lip vao khop xoay cua khop 02. O dau con lai cua truc
MRB_01 duoc ndi véi cam bién gdc dé xac dinh vi tri goc cua tay may. Di vai khap
02 thi trén truc Iap MRB_02 dé phan anh lyc tiép tuyén véi do cao mong mubn. Vo
MRB_02 dugc cb dinh véi bo phan lién két than MRB_02, trong khi truc MRB_02
duoc két ndi véi truc cua lién két khép 02. Pau kia cua truc MRB_02 dugc két ndi
vé6i cam bién goc dé do do cao tay may. Vo ngoai cia LMRB duoc ¢b dinh vai lién
két khép 02, trong khi truc caa n6 cé thé di chuyén 1én xudng nhu mot canh tay truot.

O dau tryc LMRB bd tri cam bién lyc 3D, dé do luc tc dung 1én ngudi van hanh,
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cudi khap 02 bé tri mot dbi trong dé can bang cho khap 02 trong qué trinh van hanh
tay may. Bé xac dinh vi tri theo phuong truot cua LMRB thi bé tri mot b cam bién
tuyén tinh. Bng thoi cdu tao va so d6 dong hoc caa tay may phan hdi luc duoc thé
hién nhu Hinh 5.1, Hinh 5.2

B6 ma tuyén tinh Cam bién luc 3D

Phanh tuyén tinh MRF

Phanh xoay MRF 02

Phanh xoay MRF 01

Hinh 5.2: So d dong hoc tay may.
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Tt cac kich thude va khdng gian 1am viéc can thiét, phu hop trong san xuét caa
cac hé théng phan hdi thi tac gia dua ra cac kich thude co ban caa hé thdng phan hoi
lyc nhue Hinh 5.3. Cha y rang lec phan xa t6i da theo mdi huéng (luc tiép tuyén
ngang, luc tiép tuyén d6 cao, luc tiép can) duoc thiét 1ap 1a 40 N c6 xét t6i kha ning
phu hop vé&i ngudi van hanh. Tir cac luc can thiét ndy chdng toi cd thé xac dinh mo
men x0&n y&u cau tdi da cia MRB 12 8 Nm (T = 200x40 Nmm), trong khi luc yéu

cau tdi da cuia phanh tuyén tinh 1a 40 N.

260

225 {
165

290
260
200
05—

200

Hinh 5.3: Kich thuéc tong quéat tay may 3D.
5.2 Thiét ké co cAu tac dong cho tay may phan hai lwc 3D.
5.2.1 Thiét ké phanh bién dang ring (MRB).
5.2.1.1 Cdu tgo va nguyén Iy hogt déng.

Mot trong cac yéu to quan trong cia hé thong tay may phan hoi luc 1a yéu tb
khdi lugng, cho nén viéc giam khi lugng trong tay may la can thiét. Vi vay nhom
nghién ctru dé xuat mot két cau phanh mai c6 dia phanh 14 hinh ring nhu Hinh 5.4,
Muc dich tang bé mat tiép xlc gitra MRF véi dia phanh va vo phanh tir d6 s& cho mo

men Ién va khéi lugng giam dang ké.
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Than phanh ngoai

Than phanh trong
# Cuon day

Pia phanh
B Luu chat MRF
I Vong chan MRF

O lan

Truc phanh

Hinh 5.4: Cau tao MRB ranh nghiéng.
Nguyén ly hoat dong cuia phanh: dia phanh lam bang thép tir tinh C54 dugc ¢

dinh vao mit bich cua truc 1am bang thép khong tir tinh duoc tua trén hai 6 lan. Dia

phanh dugc dat bén trong than phanh, than phanh duoc lam bang thép tir tinh. Khoang

tréng gitta dia va than vo duoc lap day MRF. Hai cudn day khdng tir tinh duoc dit ¢

hai bén ciia vo phanh nhim tao ra tir trudng chay ngang qua khe MRF khi cap dong

dién cho cac cuon day. Can luu y rang, tir truong hai bén caa phanh phai la hai dong

nguoc chiéu dugc &p dung cho cac cuon day, phat chan cé chice niang khdng cho MRF

ro ri ra bén ngoai.

5.2.1.2 Tinh todn m6 men MRB.

Theo cach tinh mé men trén rénh nghiéng da trinh bay ¢ Chuong 2 thi véi MRB

da dé xuat nhu Hinh 5.5 thi viéc tinh md men sinh ra cua phanh ciing tuong tu.

C

Than__ NN b
phanh \ Flt‘;x TR, —-}r phanh
}_L-x & Ro ¢ \m/
R _T“;\ MRF
F:‘ Rs TR“
I3 / _{{4 \ Cuén
&R;
Phot '
chan s
fevie T ) T ' O lan
phanh o N

Hinh 5.5: So db tinh mé men MRB.
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Tir nguyén ly cau tao caa MRB thi cach tinh mé men dau ra caa phanh duoc
chia ra hai dang chinh d¢ la tinh mé men trén thanh dang (cac vi tri Ei ing véi i = 0,
2,4, 6, 8, 10) twong tng vai cac ban kinh, thanh nghiéng (cac vi tri I; ang véi j = 1,
3,5, 7, 9) biéu dién nhu Hinh 5.5. M6 men dau ra cia MRB duoc tinh gan dung:
Ty = 2(Tgo + Tgz + Tga + T + Teg + Tg10)
+2(Tyy + T3 + Tis + Ty + Tyo) + T, + 2T (5-1)
Trong do:
- Tg 12 md men ma sat do MRF gay ra trong khe thang Ei;
- Ty la md men ma sat do MRF gay ra trong khe nghiéng Ii;
- T, la mé men ma sat do MRF gay ra trong khe tron C;
- T, la ma sat do phoét trén céc truc gay ra.
Khi d6 cac thanh phan md men Tgi, Tii v T, cia phanh dugc xac dinh theo (2-22):

27TTyEi
3

R4 - \4
Ty = RERG1 g _ ( Ri ) 12+ (R;,.3—R}), (i = 0,2,4,6,8,10) (5-2)

2d i+1

2 2 : 13' 2
T,; = 2w | R?1 + R;l smqb+§l sin“¢ )ty

+ -y = (4RF + 6RZIsing + 4R;1%sin*¢ + *sin®¢); (1,3,5,7,9) (5-3)
2R
T, = 2nR}, (b + 2h) (Tye + He %) (5-4)

Véi R; 1a ban kinh caa diém thi i trong cau hinh dia, I 12 chiéu dai cua khe nghiéng,
¢ 1a goc nghiéng, h 1a chiéu cao cua ring.
- Ug; VA T 6 nhét va tng suat chay déo caa MRF tai Ei;
- Wy Va T;;: d6 nhét va ang suat chay déo cua MREF tai li;
- U, T.: d0 nhét sau chay déo, tng suét chay déo cia MRF tai C.
Trong nghién ctru ndy, tng suat va do nhét cua MRF ciing 13 ham cua mat do
tir théng duoc 4p dung trén khe MRF dugc xap xi bang [5]:
Y =Y, + (Y — Yoo ) (27 By — g2Basy) (5-5)
M6 men ma sat trén truc do phét duoc tinh gan dung nhu sau (2-22) :
T, = 0.65(2R;,)? /3 (5-6)

Véi R, 1a ban kinh truc MRB va o 14 van téc gdc caa truc MRB.
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5.2.2 Thiét ké phanh tuyén tinh.

Déi véi hé thdng tay may nhu trén yéu cau thiét ké phanh tuyén thi trong chuong
4 d3 trinh bay va ché tao thuc nghiém mot mau két qua kha tét tuy luc trang thai ban
dau con twong ddi 16n. Do d6 nén trong phan nay tac gia chon lai két ciu cua phanh

theo Hinh 5.6 va chi di tinh toan toi vu véi lec hdm mai F = 40 N.

\

Y% tThan phanh
B& Cuon day

Bac truot

l'ruc phanh

B 7w chit MR
. Vong chan MRI
R

Hinh 5.6: Két ciu LMRB [79]
Luc hdm cua LMRB dugc tinh theo cong thac (2-23):

2m.u.Rg;.Lu

FSd = + Z(T[RSILTy + FOT)

5.3. T6i wu héa phanh cho tay may 3D.
5.3.1 T6i wu hoaA MRB.

Déi voi MRB thi hai yéu t6 mdé men va khéi lugng 13 hai myc tiéu thuong trai
nguoc nhau nhung lai rat quan trong trong thiét ké tinh toan phanh MRF, dac biét Ia
d6i véi cac hé théng phan hdi luc, khéi lwong phanh cang nho cang tét thi kich thuéc
nhé gon va chi phi thap. Tuy nhién, kich thudc nhé cd thé 1am giam md men xoan
phanh. Vi vay, muc tiéu thiét ké t6i vu cua MRB la giam t6i da khéi lwong phanh
trong khi mé men phanh cua né bi rang budc I6n hon hodc bang gia tri yéu cau. Van
dé thiét ké tbi wu ctia phanh duoc néu ra nhu sau:

Khdi lugng nho nhat cua phanh:
my = Vapa + Vppn + Vsps + VurPur + Vepe (5-7)
Vi diéu kién ban dau:

- Rang buoc mé men phanh: T, = T,
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- Gidi han bién thiét ké: x* < x; <x”,(i=1,2...n)
Trong do:
- V4, Vi, Vi, Vigg V& V. tuong ing 12 thé tich cua dia, than vo, truc, MRF va cugn
day cua phanh;
- Pay Pn s Ps: Pur VA pe 1an luot 12 khéi lwong riéng cua dia, vo, truc, MRF va
cuon day;
- xF vax? 1agiéi han dudi va trén cia bién thiét ké hinh hoc tuong wng xi cua
phanh MRF;
- nlasé luong bién thiét ké;
- Tor 12 md men xodn can thiét caa phanh.
Mat d tir théng trén khe hg MRF dugc hién thj trong Hinh 5.7

Hinh 5.7: M6 hinh PTHH phén tich mach toc MRB.

Phuong phap t6i wu cho phanh MR duoc sir dung dwa trén phuong phap téi wu
bac nhat st dung First Order tich hop trong cong cu ti wu hoa cia ANSYS nhu da
trinh bay & trén. Trong bai toan thiét ké téi wu, cac tham s kich thudc quan trong cua
MRB nhu 14 chiéu cao, chiéu rong caa cudn day (he, we), ban kinh ngoai dia R, ban
kinh rang trong Ry, kich thuéc hinh hoc ctia ring (chiéu cao dinh, bé day dinh, bé day
day), bé day dia tg, bé day vo ngoai va bé day vo bén duoc chon lam bién thiét ké.

Tuong tu nhu cic phanh khac khi t6i wu hoa thi khoang cach khe MRF (tw)
khong dugc xem 12 bién thiét ké, duoc xac dinh theo kinh nghiém bang 0,6 mm, d6
day thanh mong cua vo duoc lay bang 1mm va kich thude diy dong c6 dudng kinh

0,511 mm, dong dién ap dung t6i da 1a khoang | = 3 A. Tuy nhién, trong qua trinh téi
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vu hoa dong dién 2,5 A duoc dua vao cudn day vi o xem xét téi cac didu kién lam
viéc an toan. Ciing can luu ¥ rang ty I lap day cua cudn day duoc Iy 70%, trong khi
t6n that tir tinh duoc gia dinh 12 10% dya trén kinh nghiém thwe nghiém, mé men gioi
han 13 10 Nm nhung yéu cau chi 8 Nm, toc d6 hoi tu duoc iy 0,1%

Tir két qua t6i wu ta thay véi Hinh 5.9 hoi tu xay ra sau vong lap tha 30, tai thoi
diém nay khéi lwong cua phanh bang 1,03 kg, khdi luegng phanh giam dang ké so voi
phanh c6 bé mit phang di nghién ctru nhu trén. Dong thoi phan b mat do tir caa
MRB rit déng déu duoc thé hién trong Hinh 5.8. O muc téi wu, gia tri cia cac bién
thiét ké va hiéu suat cua phanh dugc thé hién trong Bang 5.1. Can luu y trong Bang

5.1 rang do day cua dia dat dén giéi han thap hon & muc téi wu.

B S65

n -

Hinh 5.8: Phan b mat d6 tir théng cia MRB.

3.0 . 15
— [+ — Khoi luong
Qﬂ 25 _:' ----- M6 men phanh ’g
= U {122
It 2
S 20 )
£ 15 "%

. =
£ 1.5 g
| 6 <
5 1.0 s

0.5 1 1 1 1 1 3

6 12 18 24 30
Vong lap

Hinh 5.9: Khéi lugng va mé men cia MRB.
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Bang 5.1. Két qua tbi uu cia MRB.

Théng s thiét ké (mm) Dic tinh hoat dong
we=5,52; h¢=15,8; R=34,5; L =35,8 Tomax =10 Nm; m = 1,03 kg
th=46;tw=10;Ri =10;t4=2,0; Rg=31,2 | Tsznrx = 0,1 Nm
Rs=6,0; h=2,6; tws=3,2; twz = 4,6 Pw=37W;R:=29Q

5.3.2 T6i wu hoA LMRB.

Trong d6 mot sé théng sé tinh toan can thay doi cho phi hop d6 14 tg= 0,8 mm,
thanh moéng cua vo phanh tw= 0,5 mm con tit ca thong sé hinh hoc chu yéu cua phanh
(L, hai, Wei, chy, chz, Rsi, R, thi...) déu dugc chon 1am bién thiét trong qué trinh téi wu.
Tuong tu nhu cac budc thiét ké tdi uu da duoc trinh bay & cac phan trén tac gia ciing
dwa vao phuong phap phan tich phan ti hitu han. Md hinh phan tir hitu han va phan
bé tir thdng cua LMRB dugc thé hién & Hinh 5.10, Hinh 5.11 va két qua tbi vu véi
y&u cau luc hdm 16n nhét 1a 40 N dat duoc thé hién Hinh 5.12.

Ll i !
L J {1
J O @ O
L .Y
Y
A
Ll L L
JJ i 1
J J J !
Y
R
AW Y

Hinh 5.10: M6 hinh PTHH phan tich mach tr LMRB.

MN

.594316 .594132

.155e-14 -467217 .934434 1.402 1.8869
.233608 .700825 1.1e8 1.635

Hinh 5.11: Phan b mat do tir théng cua LMRB.
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10 — 80
Luc trang thai tat 1
----- Luec phanh cyc dai 470

460 —~

(N

{50 =
H40

130
420
410

Luc trang thai tit (N)
Lurc phan

lll- 8 1I2 1l6 2‘0 2I4 2I8
Hinh 5.12: Lyc hdm cua LMRB.
Tur Hinh 5.12 ta c6 thé thay riang sau 29 vong lip thi luc ngoai trang thai & mirc
6,2 N. Luc phanh I6n nhat 1a 40 N nhu yéu cau. O thoi diém toi wu thi cac gia tri cua
bién thiét ké va hiéu suat cia phanh duoc tong hop trong Bang 5.2.
Bang 5.2. Két qua t6i wvu LMRB.

Thong so thiét ké (mm) Pic tinh hoat dong
Wer = 1,5; hg =11,3; chy =3,7; ch, =5,0 Fmax=40 N; m = 0,46 kg
R=218;L=392;tw=0,5 Rs=5,0; t3=0,6 | Ft=6,0N; Py =11,5W;R:=25Q

5.4 Thiét ké, ché tao hé théng phan héi luc 3D.
5.4.1 Thiét ké MRB, LMRB.

Sau khi c6 cac théng s hinh hoc téi wu ciaa MRB, LMRB thi tién hanh thiét ké
hoan thién md hinh CAD duoc thé hién bai Hinh 5.13, Hinh 5.14.V6i MRB gom:
than vo (1, 2); mat bich (3); 6 1an (4); truc phanh (5); phét chan MRF (6); cudn day
(7); dia phanh (8);

Ny
V—a?

% ~

g \ /
— 7\ ]
P22AND

Hinh 5.13: M6 hinh CAD cua MRB.
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Hinh 5.14: Mé hinh CAD cua LMRB.

5.4.2 Hoan thién mé hinh tay may.
Cha y riang sé vong thuc cuon day trong MRB 1a 230 (vong) con theo tinh toan
12 233 (vong), trong khi d6 cia LMRB 14 380 (vong) cho mdi cudn day con theo tinh
toan & 386 (vong). Cac chi tiét cia MRB, LMRB duoc thé hién bai Hinh 5.15

a) Cum chi tiét MRB. b) Cum chi tiét LMRB.

Hinh 5.15: Chi tiét ché tao caa MRB va LMRB.
Sau d6 ché tao céc bo phan trén rdi tién hanh Ip rap hoan thién mé hinh nhu nguyén
mau Hinh 5.16

MRB 01
Hinh 5.16: Chi tiét ché tao cia MRB va LMRB.

120



Chuong 4

5.5 Két qua md men ciaa MRB va luc LMRB.
Sau khi ché tao hoan chinh mé hinh phan hdi luc 3D (Hinh 5.16) thi tién hanh
hoan thién hé théng thuc nghiém nhu Hinh 5.17.
B6 ngudn

diéu khién ngudn
= |

B6 diéu khién

NI 6289 card

Hinh 5.17: M6 hinh thuc nghiém tay may phan hoi luc 3D.

Céc gia tri md men cua cA&c MRB nhu sau: m6 men ham do dugc cuia MRB_01
duoc biéu dién theo Hinh 5.18. Trong thuc nghiém lyc tiép tuyén ngang & cudi canh
tay dugc do bang cam bién lyc 3D va tay cam dugc ¢6 dinh theo huéng ngang voi
chiéu dai canh tay 14 100 mm. Do d6 md men xoan cia MRB dugc tinh bang tich cua
lyc do va chiéu dai tay cam (100 mm).

Trong qua trinh thuc nghiém, canh tay dugc xoay quanh khaop 01 va gid tri trung
binh cua luc tai cac gia tri khac nhau ctia dong dién duoc dua vao da dugc ghi lai.
Tuong tu cho MRB_02 thi md men phanh caia MRB_02 ¢ khap 02 duge danh gia
bang thuc nghiém va két qua duogc thé hién bai Hinh 5.19, luu ¥ trong thuc nghiém
canh tay phai duoc xoay quanh truc khép 02. Hinh 5.20 cho thay luc hdm caa LMRB
tai cAc gia tri ciia dong dién duoc dua vao. Trong truong hop nay, canh tay duoc cb
dinh theo huéng ngang va truc caa phanh MR duoc di chuyén qua lai.

Qua cac két qua thyc nghiém do md men tirng tryuc thi ta thay kha nang dép ting
cua tat ca phanh kha tét, tuy nhién van c6 mét sé thoi diém viéc dap ung chua tdt 1am

c6 thé do mat 6n dinh cua hé théng hay thao tac van hanh chua 6n dinh.
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Hinh 5.18: M6 men caa MRB_01.
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Hinh 5.19: M& men caa MRB_02.
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Hinh 5.20: Lyc hdm cua LMRB.
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5.6 Thiét ké bé diéu khién cho tay may 3D phan hdi luc.

Véi hé tay may phan hdi luc nhu trén truée hét tac gia thiét ké bo didu khién
vong ho dé phan anh ting luc mong muén cho ngudi van hanh. Déi véi hai luc tiép
tuyén (khép 01, khap 02) thi bo diéu khién duoc md ta theo Hinh 5.21, d6i luc hudng
kinh thi b diéu khién duoc md ta theo va Hinh 5.22. O day céc thong sb dau vao la

lyc mong mudn va goc xac dinh vi tri caa hé thong.

Tinh toan mé  |?w.Tsn |  Phuongtrinh | fw, Lo .
Phanh MR " Luc ph
men phanh T(Nm)-I(A) an e phan xa
A T
|
Luc mong mudn Xac cjinh vitri | Cam bidn v6c
(Fn Ie) cudi cung g

Hinh 5.21: Luu db bo diéu khién luc tiép tuyén MRB.

Luc mong mudn
(F7)

Phuong trinh
F(N)-I(A)

I

| Phanh tuyén

tinh MR

Luc phan xa

Hinh 5.22: Luu do bo diéu khién luc LMRB.

Tur céc thdng tin cua cac b mé hda la cac gia tri cia goc () va ban kinh canh

tay r dugc xac dinh, mé men xoin cia MRB_01 duoc tinh theo cong thic (5-8), md

men cia MRB_02 theo cong thuc (5-9):
T, = F.7r.cos@

TSh = Fe. r

(5-8)
(5-9)
Trong do:

- Fn 12 lyc tiép tuyén ngang (khop 01) mong mudn

- Fe la lyc tiép tuyén do cao (khp 02) mong mudn.

Dé dat duoc md men ham bang véi tinh toan, dong dién &p dung cho céc cudn
day duoc xac dinh tir cac két qua thir nghiém trong Hinh 5.18, Hinh 5.19. C6 thé
thay rang mé men phanh caa MRB gan nhu bao hoa khi ap dung dong dién 16n hon
1,5 A. Do @6, ta chi str dung dong dién | < 1,5 A va dong dién ap dung nhu la mot

ham cua md men duoc tao ra thé hién trong Hinh 5.23, Hinh 5.24. Ap dung duong
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cong xap xi bac 2 thi dong dién ap dung cho cudn day cua MRB_01 va MRB_02

duoc tinh theo cong thurc tuwong tng (5-10) va (5-11):
1, = —0,0245 + 0,1516T,, + 0,00177T2
I, = —0,027 + 0,1543Ty, + 0,00155T3,

(5-10)
(5-11)

Déi vé6i luc hudng tam dong dién &p dung cho cuon day cia LMRB duoc Xac

dinh tir cac két qua thuc nghiém trong Hinh 5.20. Tuong ty nhu MRB ta &p dung

dong dién 1 < 1,5 A cho LMRB. Sir dung dudng cong xap xi bac 2 thi dong dién ap

dung cho cudn day cia LMRB dugc xac dinh theo phuong trinh (5-12)

I, = —0,1707 + 0,03424F, + 0,000169F2

Dong dién ap dung (A)

Hinh 5.23: Quan hé¢ mé men MRB_01 véi dong dién.

Dong dién ap dung (A)

Hinh 5.24: Quan hé mé men MRB_02 véi dong dién.
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0.0

0.

T
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Hinh 5.25: Quan hé luc vai dong dién ciia LMRB.
5.6 Két qua thuc nghiém.

M6 hinh tha nghiém cho hé thong phan héi luc 3D ché tao va thuc nghiém dugc
thé hién & Hinh 5-19. Hé thdng thuc nghiém bao gdm su két hop cua md hinh tay
may phan héi lyc, may tinh va thu thap dit lidu s& duoc xir Iy véi cac thiét bi: PCI NI-
6289 do hang National Instruments san xuat; mot cam bién luc 3D (OptoForce 3D
OMD-20-FG-100 N) dugc gan trén can diéu khién dé do luc phan xa. Vi tri géc cua
tay may duoc do bang cac bo ma hoa goc, ddi véi vi tri huéng tam duoc do bang bo
ma hoa tuyén tinh. Can luu ¥ rang trong thiét 1ap tha nghiém nay, tin hiéu diéu khién
dién 4p nam trong khoang tir 0 - 5 V tir mdy tinh duoc gui dén bo khuéch dai, d6 1a
bo diéu khién thiét bi Wonder Box do Lord Corporation san xuat. Dong dién dau ra
thay doi tir 0 - 2 A, sau d6 duoc ap dung cho cac cudn day cua phanh MRF. Téc do
mau duoc dit 14 0,01 s.

Sau khi thiét 1ap hé thong nhu Hinh 5.19 thi kha ning dap ang cua hé théng tay
may phan hoi lyc trong d6 luc phan héi mong mudn khong doi 40 N duge dat cho
tirng thanh phan cua luc phan hoi (tiép tuyén ngang, tiép tuyén do cao va luc hudng
tam) tai thoi diém 0,5 s duoc thé hién bang Hinh 5.26.

Trong thuc nghiém nay céanh tay phan hdi luc dugc dat ¢ vi tri tiy ¥ va ngudi
van hanh nam giir bo phan gan cam bién luc 3D va di chuyén n6 theo mot quy dao

tuy y trong khdng gian lam viéc trong qua trinh thir nghiém.
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Hinh 5.26: Két qua thuc nghiém cua hé phan héi lyc.
Qua két qua thyc nghiém ta c6: Hinh 5.26a cho thay luc ngang thuc té phan hoi

phU hop tt v&i lec mong mudn, vai sai s6 tdi da 4% thu duoc & trang théi 6n dinh va
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thoi gian dap tng khoang 0,24 s. Tir Hinh 5.26b ta ciing thay rang luc nang thuc té
phan hdi phu hop tét véi luc mong mudn, thoi gian dap tng 1a khoang 0,26 s. Tir
Hinh 5.26¢, thiy rang luc hudng tdm phan hoi thuc té kha tét vai lec mong mudn,
Véi sai s6 t6i da khoang 6,5% va c6 nhiéu dao dong hon so voi trude day.

Dé thay dap tng linh hoat cua hé théng phan hdi luc da dua ra nhu trén thi mo
thuc nghiém: canh tay phan héi luc duoc dat & vi tri tiy y, mot luc phan hdi mong
muén hinh sin duoc dit cho tirng thanh phan cua luc phan hoi (tiép tuyén ngang, tiép
tuyén d6 cao va luc huéng tam). Trong qué trinh thir nghiém, nguoi van hanh da gitr
bo phan tay cam cd gang cam bién luc 3D va di chuyén nd theo mot quy dao tiy y
trong khdng gian lam viéc.

Véi két qua trong Hinh 5.27 thi luc ngang phan héi thuc té phu hop tét vai luc
mong muén. Tuy nhién, lec phan héi thuc té khong thé nho hon 1,5 N, rd rang la do
md men xoan khong kiém soat dugc (md men xodn ban dau cia MRB). Tir Hinh
5.28, ciing thay rang lyc nang phan hoi thyc té phii hop tét véi luc mong muén, trong
thiét ké nay thi luc téi thiéu cd thé dat duoc 1a 1,8 N. Vai két qua caa Hinh 5.29 cho
thay lyc hudng tam phan hoi thuc té twong (ing kha tét véi luc mong mudn, trong
truong hop nay luc toi thiéu cd thé dat dugc 1a kha cao khoang 6 N, gan bang véi luc

ban dau cia phanh MR tuyén tinh.

50 : :
2 | Mong muon - - = - Thuc té
p— .

20 40
=
<
=10
= 301
=
%)
>
5 201
Q .
2
S 107
Q
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0—1
00 13 26 39
Thot gian (s)

Hinh 5.27: Két qua thyc nghiém MRB_01.
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Hinh 5.28: Két qua thuc nghiém MRB_02.
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Hinh 5.29: Két qua thuc nghiém LMRB.

Két qua thuc nghiém trong trudong hop luc phan hoi yéu cau khong d6i cho thay
dap ng thoi gian caa phan hdi luc 12 khoang 0,25 s va & trang thai 6n dinh sai s6 toi
da cua tiép tuyén ngang va luc tiép tuyén d6 cao la khoang 4%, trong khi d6 luc
huéng tam 1én dén 6,5% vai nhiéu bién dong. Két qua thir nghiém vai luc phan hoi
yéu cau hinh sin cho thiy ring mét luc phan hdi mong mudn c6 thé dat dugc tét nho
hé théng phan héi luc duge dé xuat. Tuy nhién, do md men xoan ban dau cia MRB
va luc cia LMRB cua hé thdng hoi 16n nén khdng thé phan xa lrc nho dén nguoi diéu
khién d6 1a 1,5 N cho vi tri ngang (khép 01), 1,8 N cho luc nang (khép 02) va 6 N

cho luc hudng tam.
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Qua két qua thuc nghiém cho thay rang bo diéu khién hinh cau 3D dua trén
MRF duoc dé xuit c6 thé cung cip luc phan hoi 3D mong muédn cho ngudi van hanh.
Ngoai ra, bang cach sir dung co ché canh tay hinh cau, luc theo mdi huéng cé thé
duoc diéu khién doc 1ap va bo diéu khién SISO dé thuc hién dé kiém soat luc phan
hoi chinh x4c hon. Can luu ¥ rang bo diéu khién dé xuat c6 thé d& dang tich hop véi
bat ky robot bi d6ng nao cho hé thong diéu khién tir xa, trong d6 két hop phan hoi luc
song song véi diéu khién vi tri cua hé thong duoc dé xuat nhu trén.

Mot didu dang chua ¥ 1a chung ta c6 thé duoc st dung tay may nhu mét cha thé
cho tat ca cac dang hinh hoc bi dong (bao géom céc chudi dong hoc gidng hoic khac
nhau). Piéu nay dan dén mot tng dung tiém niang cho cac ung dung hién dai nhu
phau thuat tir xa, hoat dong trong méi trudng nguy hiém... Néu hé chu dong va hé bi
dong co6 chudi dong hoc giéng hét nhau, c6 thé sir dung ban sao cua chuyén dong
khop. Mt khac, trong truong hop chudi dong hoc cua hé bi dong khac véi chi dong
thi vi tri cua bi dong dugc diéu khién dua trén vi tri cia hiéu tng cudi caa cha dong.

+ Két qua Chuong 5 cong b bai:

Diep B. T., Nguyen N. D., Tran T. T., Nguyen Q. H. Design and experimental

validation of a 3-DOF force feedback system featuring spherical manipulator and

magnetorheological actuators, Actuators, 9(1), 19, 2020.
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Chuong 6
KET LUAN

6.1 Két luan.
Trong c6ng trinh nghién cau nay gdm mot s6 noi dung chinh dé 1a:

= Phét trién cac co cau cdu tac dong hai chiéu st dung MRF (BMRA), phanh
tuyén tinh tir bién (LMRB), phanh xoay st dung MRF (MRB) 4p dung trong
cac hé théng phan hoi luc phuc vu trong Kk thuat diéu khién tir xa. Tat ca co
cau trén déu duoc t6i wu hoa vé thdng sb hinh hoc sao cho khéi lugng 1a nho
nhat vai rang budc vé mé men, luc dau ra theo yéu cau cua céac hé théng phan
hoi luc

= Thiét ké tdi vtu BMRA di sir dung hai phuong phap, cu thé 13 t6i wu muc tiéu
don (phuong phép First Order) va toi wu hoa da muc tiéu (giai thuat NSGA-
1) két hop véi cong cu tdi uu hoa cua phan mém ANSYS. Trong qué trinh toi
uu hoa, khéi lugng ciia BMRA duoc giam thiéu véi md men xoan truyén duoc
han ché 16n hon gia tri yéu cau. Két qua téi wu cho thay & md men xoin dau
ra yéu cau 12 5 Nm thi khéi luong cia BMRA dugce dé& xuat nho hon khéi
lugng cua BMRA _ [56]. Ngoai ra, bang cach sir dung cau hinh nhiéu cuon
day, khéi luong BMRA c6 thé duoc giam dang ké, dic biét 1a & md men xoin
yéu cau cao. Két qua tha nghiém BMRA cho thay két qua md phong co sai s6
nhé hon 4%. Thoi gian dap (g cua md men xoén dau ra la khoang 55 ms,
Vi thoi gian nay thi dap (ng tét cho cac hé théng phan hoi luc. Pong thoi,
md men ma séat ¢ thé duoc loai bo trong mé men dau ra cia BMRA bang
cach cap dong dién 0,2 A cho cac cuon day cua dia 2 va c6 thé cung cap mot
lyc d¢au ra mong mudn & ca hai huéng.

= Trén co s6 BMRA di phat trién nhdm nghién ctiru phét trién hé thong joystick
3D phan héi luc véi co cau 2D-gimbal két hop hai BMRA va mot LMRB.
Trong hé thong nay céc ndi dung da trién khai do 1a thiét ké tdi wu vé thdng

s6 hinh hoc BMRA va LMRB sao cho khéi lugng giam thiéu téi da véi yéu
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cau rang budc vé md men, luc dau ra. Cac két qua ther nghiém vé dac tinh hiéu
suit cia BMRA va LMRB thoa man vai két qua md phong. Thiét ké cac bo
diéu khién ap dung cho can diéu khién 3D bao gdm bo diéu khién PID va
SMC va trién khai cho hé théng thuc té. Két qua cho thady SMC phi hop hon
PID trong viéc kiém soat luc cua hé théng phan héi luc. Luc tiép tuyén va
tuyén tinh mong muén dap wng tét theo yéu cau. o tré caa hé théng khoang
30 ms. Han ché cua hé nay 1a LMRB c¢6 lyc ngoai trang théi (F = 5,4 N) 16n
nén anh hudng téi kha ning phan héi lyc caa hé théng.

Phat trién tay may 3D phan hoi luc gom phanh tir bién (MRB) c6 bién dang
phirc tap két hop voi LMRB. Két qua thuc nghiém trong trudng hop luc phan
hoi yéu cau khong doi thi dap ¢ng thoi gian caa lyc phan hoi 1a khoang 0,25s.
Sai s6 cac luc mong mudn caa cac MRB véi thuc té twong dbi nho, cu thé 1a
BMR_01 va BMR_02 khoang 4%, trong khi d6 luc hudng tim 1én dén 6,5%
véi nhiéu dao dong. Tuy nhién, do md men xoan ban dau cuia MRB va lyc cia
LMRB Ién nén khong thé phan xa luc nho dén ngudi diéu khién véi 1,5 N
cho BMR_01, 1,8 N cho BMR_01 va 6 N LMRB. Vi bo diéu khién dugc dé
Xuat c6 thé cung cap luc phan hoi 3D mong mudn (hinh sin) cho nguoi van
hanh. Ngoai ra, luc theo mdi huéng cé thé duogc diéu khién doc 1ap va bo diéu
khién SISO dé thuc hién dé kiém soét luc phan hoi chinh xac hon. Can luu y
rang bo diéu khién dé xuat co thé dé dang tich hop vai bat ky robot bi dong
nao cho hé théng diéu khién tir xa, trong d6 két hop phan hoi luc song song
vé6i diéu khién vi tri caa hé théng dugc dé xuat nhu trén. Mot diéu dang cha
y la chiing ta c6 thé duoc sir dung tay may nhu mot chu thé cho tat ca cac
dang hinh hoc bi dong (bao gém céc chudi dong hoc gidng hoic khac nhau).
Diéu nay dan dén mét ung dung tiém ning cho cac ¢ng dung hién dai nhu
phiu thuat tir xa, hoat dong trong méi trudng nguy hiém... Néu hé cha dong
va hé bi dong c6 chudi dong hoc gidng hét nhau, ¢6 thé str dung ban sao cua

chuyén dong khap.
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6.2 Kién nghi va hwéng phat trién cia dé tai.
£ Han ché cua dé tai.
- Luc ma sat ban dau cia LMRB con cao;
- Hé théng phan hdi mai phat trién téi 3D;
- B6 diéu khién phan hdi luc tinh méi chua cao.
+ Hudng phat trién dé tai.
- Phét trién co cdu LMRB méi giam luc khong tac dong ban dau;
- Phat trién hé thong joystick 3D dung 03 co cu tac dong quay dugc diéu
khién boi chi mot dong co;
- Xay dung hé théng diéu khién kin va 4p dung cac thuat toan diéu khién
hién dai nham nang cao chat lugng lec phan hoi;
- Nghién ctru co cau BMRA méi va ap dung vao hé thong phan héi luc tng

dung trong phau thuat y khoa.
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