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Tém tit

Bai bao trinh bay thiét ké cai tién, tinh toan, mé
phong vi dong co quay kiéu dién nhiét gom bdn bo
kich hoat nhiét dim chit V, co cdu truyén dong mot
chiéu kiéu ring céc, xen ké& 1a bon co cau chng dao.
Hoat dong cua vi dong co dua trén chuyén dong lac
quanh diém dan hdi cta cac bo kich hoat va nguyén Iy
gidn nd nhiét ctia cac dam manh hinh chir V. Uu diém
clia vi dong co nay la cai tién co cdu din dong, ting
dugc chiéu dai dam gitp giam dién ap dan.

Céc tinh toan 1y thuyét va mo phong kiém chimg cho
thdy vi dong co, véi kich thude 2,5mm, dién 4p dan
tbi thiéu 1a 16V. Trong tuong lai vi dong co nay c6
thé ung dung dé dén dong cac khdp cua vi robot hodc
trong cac may kich thudc micro/milimet.

Twr khéa: Vi dong co quay, b kich hoat nhiét, cong
nghé vi co khdi

Abstract: This paper presents the improvement,
calculation and simulation of micro electro-thermal
motor, consists of four V-shaped actuators, one-
directional driving ratchet mechanism and four anti-
reversed mechanisms. Working principle of the motor
is based on shaking movement around an elastic point
of the V-shaped actuator and thermal expansion of V-
shaped beams. Improvement of driving mechanism
and lower driving voltage are advantages of this
motor.

Calculation and simulation shows that micro motor
has only cover diameter of 2.5mm and minimum
driving voltage of 16V. Micro motor can be applied in
joints of micro-robot or in micro/milimet-scale
machines in the future.

Keywords: Micro motor, Electro — thermal actuator,
Bulk — micoromachining technology
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suat

2o Qm Pién trd sudt tai nhiét do T
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v Hé sb Poisson
K.k, K UN /um  Lan luot 1a do ctng cia 1

cap dam chit v, dim quay,
¢b dan hdi thanh rang coc
fins Heé s6 ma sat giita silic-silic
My, Mg, My g Lan luot 1a khéi luong cua
thanh rang coc, banh ring
dan va banh ring bi dan

g m/s Gia tc trong trudng )

I Momen quan 'ginh mat cat
ngang cua co cau chong dao

Chir viét tat

MEMS Micro Electro Mechanical Systems

SOl Silicon On Insulator
SEM Scanning Electron Microscope

1. Gi6i thigu

Vi dong co 1a loai dong co co6 kich thudc cd micro
mét chuyén d6i tin hiu vat ly (nhiét, dién, tu...)
thanh chuyen dong co hoc (thang hodc quay) dung
trong vi dan dong cac hé thong. Cung véi sy phat
trién manh mé cua cong nghé vi co dién tir (MEMS),
vi dong co dd va dang dugc nghién ciru voi nhiéu
tiém ning ng dung trong vi vén chuyen y sinh, robot
sinh hoc, thiét bi y t&, may quét chit luong cao, thiét
bi chuyén mach quang hoc cho mang cap quang,...
C6 nhiéu tiéu chi dé phan loai vi dong co nhu: Theo
hiéu ung dan dong (tinh dién, ap dién, dién tur, gian nd
nhiét, st dung hop kim nhé hinh...), theo tinh chat
chuyén dong (quay, lic, hodc tinh tién) va theo hinh
thirc tiép xuc gitra bd phan dan dong va bo phan cong
tac (truc tiép hodc gian tiép).

Cach phan loai pho bién nhit 1 dya vao hi¢u img dan
dong. Trong [1-3], cac tac gia cong bb vi dong co sir
dung hi¢u ung tinh di¢n. Céc loai dong co nay thudong
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¢6 cong nghé ché tao phiic tap, dién ap dan 16n, dé
gdy chap dién va hiéu suat thip. Mot vai loai vi dong
co su dung hi¢u tng dién tir dugc trinh bay trong [4-
6], nhuge diém ciia hidu ung nay 1a hi¢u suat thap,
kich thudc 16n (do phai tudn thu két ciu cia mot dong
co dién). Cac vi dong co tng dung hi€u ung dién
nhiét c6 thé dat duoc ty trong cong suét cao hon nhiéu
50 v6i cac hiéu tng din dong khac va co dién ap dan
thip hon, momen va lyc sinh ra 16n. Mot sé mau dong
co quay sir dung hiéu tmg nay ciing da dugc cong bd
[7, 8]. Tuy nhién két cdu va cong nghé ché tao tuong
dbi phuc tap. Trong [9], nhom tac gia da cong bd miu
vi dong co quay 1 chiéu dugc ché tao bang cong nghé
vi co khéi v6i 1 mat na trong ddi don gian. Tuy nhién
mau vi dong co nay cé co cu dan dong phic tap, cac
16 xo dan hoi lam ting khe ho va giam vén toc thuce
cua dong co. Trong bai bdo nay, nhom tac gia dé xuat
thiét ké cai tién co cau dan dong, giam s6 khe ho, Iyc
dan dong s& duoc truyén tryc tiép tir bo kich hoat dén
vanh rang bén ngoai qua thanh rang coc gilp giam do
tré do khe hé va 10 xo, tirc 1a giam truot van tde goc
thuc té cua vi dong co.

2. Cau tao va nguyén ly hoat dong

CAu tao cua vi dong co dugc chi ra nhu H. 1. Vi dong
co dugc thiét ké gdm bdn hé thdng dan dong ddi xing
va xen k& 1a cac hé théng chong dao. Nguyén 1y lam
viéc twong tw nhu mau vi dong co [9], dién ap cap cho
cac dién cuc c6 dang xung vudng hodc nira chu ky
sin. O ky dan dong (ntra chu ky dau) dién 4p duoc dat
vao cac dién cuc cb dinh (1) cta hé thdng ddm chir V
(2), dong dién chay qua hé dim va sinh nhiét lam cho
hé dam gidn no déy dam dan hdi (3) quay mot goc ¢
quanh c6 dan hdi O. Thanh ring cdc (4) an khép va
kéo vanh rang (5) quay thuan chiéu kim dong ho. O
nira chu ky tiép theo (ky hdi vi), dién ap dan bang O,
hé théng dam chir V ngudi di. Nho lyc dan hdi cia hé
dam chir V va c¢6 dan hdi ciia dam (3), hé thong tre vé
vi tri ban dau, nhung vanh rang (5) khong quay nguoc
lai do hé théng chdng dao (6). Pé dinh vi vanh ring
(5) khong bi 1éch tam, ta sir dung c&c vau ty ddi ximg
(7). Sovei [9], 6 thiét ké nay thanh rang coc (4) duge
ndi truc tlep v6i khung dam (3) 1am cho két cdu tr&
nén chic chin hon, giam dao dong va truot trong qué
trinh dan dong, dbng thoi cho phép ta ting chidu dai
cac dam chir V (tir 300 1én 450pm), gip tang chuyén
vi cta dinh hé dam chit V, tic 1a c6 thé giam dién 4 ap
dan, tiét kiém nang lugng cho vi dong co. Do két cau
nay don gian nén ty 1¢ ché tao thanh céng cao hon.
Tuong tu mau vi dong co [9], d&é vanh ring (5) quay
dugc thi ¢ nira chu ky dan, chuyén vi ctia thanh ring
céc (4) phai 16n hon hogc bing mot budce rang coc.
Sau mo6i chu ky, vanh rang ngoai sé dich chuyén mot
doan ixp: voi i 14 sé rang coc dich chuyén dugc sau 1
chu ky.
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H.1  Céu tao cia vi dong co

3. Tinh toan dong hoc va dong luc hoc
3.1 Tinh toan van téc trung binh
Thoi gian d& vanh ring quay dugc 1 vong la
__Z _ 720 _12 (Phit) 1)
60.i.f 60.i.f i.f
Véi: Z=720 (rang) 1a sé rang trén vanh ring rotor
Nhu vay, tbe  do trung binh ctia rotor Ia
n, = =T (vong/phit) ()
t 12
Tir d6 ta nhan thdy, toc d6 g6c cua vi dong co phu
thudc vao tan sb f va bién do cia dién ap dan (chinh 1a
s6 rang dich chuyén dugc i sau mot chu ky).

3.2 Tinh toan chyyén vi
M® hinh méi hé dam chir V ¢6 dang nhu H. 2

) H.2  Kétcduhé dam chir V .
Tur két qua tinh todn trong [9-10], d6 gidn né cua dam
don dugc xac dinh theo cong thirc sau:

L =(‘;a(T)[T(x) - Ts]dx

=a, é%L+%(eAL - 1) - C—’;(e'AL - 1)3 3)

2
_2—1I =2L,A2=Bar;
0T

2AL
1 (-e? 41 1 e?Al _q 4
C1 = 5 = 4(—)— ( )

a, (eZAL _ e-ZAL) a, (GZAL _ e-ZAL)

Trong d6 r,=1200 (Qm), T=20°C, L=450(um),
a, =1,25.10° (K™, ¢, (K") va k, (W/um.K) dugc tra

theo thong s6 ky thuat cua vat liéu silic tinh thé don.



Luc dy do gidn no nhiét sinh ra tai dinh B cua dam
theo phuong dich chuyén la:

o (D I
a Fn =2nSE TSlna (5)
Trong d6: n=6, S=ab=30x4,5(um?) 1a tiét dién mat
cdt ngang cua dam don; E=169.10° (MPa)
Chuyén vi D cua dinh hé dam B dugc xac dinh theo
sodoH.3

B K
N g [AD
i H
H.3  So db tinh todn chuyén vi dinh dam chit V
DD=B'H- BH =vAB?- AH? - BH

=\/(L+|:1_)2 - (Lcosa)2 - Lsina

3.3 Xac dinh dién 4p dén tdi thiéu

Dé xac dinh duoc dién 4p dan tdi thiéu, vé mat ly
thuyét vi dong co can thoa man 2 didu kién: Thir nhat
1a chuyén vi cia thanh ring coc dan 16n hon hoic
bang budc ring coéc p. Thir hai 1 momen dan dong
sinh ra boi lyc nhiét phai 16n hon tong cac momen
can.

Qua trinh dan

Vi dong co dugc dan dong béng bdn bd kich hoat dAm
chir V d6i xtng, hoan toan giéng nhau, do do6 ta chi
can phan tich lyc trong 1 bd nhu H. 4. O d6 H. 4b 1a
so dd phan tich lyc tai mat cit B-B, tir do ta co:

m
ﬂTl
—e
IRRARRARA AR RRINRRIARE]

HIIIIIIT

H.4  Sodb tinh todn chuyén vi dinh dim chiz V
SF,- F-SF,=0P F=SF -SF, (7a)
Véi: F 1a ndi luc xuat hién tai mat cit B-B, XF,, ZFe,
k 1an Iuot 1a téng lyc gian nd nhiét, témg luc dan hoi.
bé thuén tién cho viéc tinh toan, ta don gian hoa dam
quay dan hdi H. 4b nhu H. 4c. Goi A 1a chuyén vi
thuc té ctia dinh hé dam chir V (A<AD), khi do:

E :é F - n_k_D:é F, - I’].k.d.i (7b)
r

Trong do chuyén vi cua hé théng dan dong:

n

V6i: r=1040(um), r, =540 (Um), k=127,6(LN/um),
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Moémen dan dong ctia vi dong co duge xac dinh:
M
Md:MF_Mfz_f_MM_MH_MeI 9)
Rdang coc vanh rdang (5)

F /I \\\ Ff4+Ff3/4
4 . —

a

Fis |
\
\

Binh co cdu ché'hg dao

£=30° ,

Gurﬁ

h=

Thanh rang céc

p=10pm
H.5  So dé phdn tich luc trong qmj trinh dan
Trong d6: My 1a m6 men cta lyc dan dong F; My
(i=2,3,4) 1a m6 men cua cdc lyc ma sat ké trén (tinh
quanh diém dan hoi). Cac mo men duoc tinh theo cac
biéu thic sau:
M. =Fr, M, =f.m.gr M, ="f m.r,

(6
3El,h
M, =f.m,.on,F :|—3, M, = f,.F,.r.cosb
M, =k, dr=k_ ipr (10)
V6i  £,,=0,3; 1,220 (um) m,=0,18.10° (g),

m,=15,5.10" (g), m,=4,27.10° (g), k,=2,88(LN/um),
r;=1220 (um)
Diéu kién din dong cua vi dong co 1a My> 0, Dya vao
(9) va (10) ta co diéu kién cho lyc nhiét, d& dam bao
vi dong co chuyén dong la:
o 1¢ M, .
ak’® =M+ +My Mk dpry

g 4 H (11)

+n.k.i. p.i
r

bPé vi dong co hoat dong duoc thi ngoai diéu kién
(11), can phai dam bao mdi chu ky dién ap dan vanh
rang phai dich chuyén dugc it nhat 1 bude rang, tirc 1a
chuyén vi d ¢ dinh dam quay phai 16n hon 1 budc

rang: d 3 ip =10i(mm)

U fms pb D3 iip (12)
N r
+V6ii=1p D° ip2=1.102% —519mm (13)
r 1040

Tur cong thire (6), (13) xac dinh duoc gia tri dién ap
t6i thiéu 1a Upi=15,97 ~16 (V)
Tir diéu kién (11), ta tinh dugc:

ﬁ F,* 4033,6mN
Ung v6i Upin=16 (V), tir cong thic (5) ta xac dinh
duge:§ F, =4558,6mN >4033,6mN . Do do ing
voi dién ap Upn thoa man diéu kién chuyén vi thi luén
thoa mén diéu kién vé luc va momen.
+Vi i=2, ta tinh toan twong tu va xac dinh dugc:

Upin = 21,35V

Qua trinh hdi vi .
So d6 phan tich lyc qua trinh hoi vi nhu hinh vé& 6.
Trong qua trinh héi vi (khi dién 4p dan bang 0), do
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anh hudng cua luc dan hoi ciua cac dam, thanh rang
c6c hoi ve vi tri ban dau va tac dung mdt lyc 1én vanh
rang.

F eI+F ev'F f2

i

H.6  So do phan tich luc trong qud trinh hoi Vi

Trong d6: Fe,=n.k.A 12 luc dan hoi cua hé dam chit V:
=- F ); Fer 12 luc dan hoi
F=-F) F

el

(F ey phan lyc dan hoi:

ctia ¢6 dim O (F’y: phan lyc dan hoi:

la phan lyc dan hoi theo phuong vubng goc voi bé

mat rang cua thanh rang coc dan; NFf]_ la Ivc ma sat

truot gilra rang cua thanh rang coc dan va vanh rang;
=k,..Dy, 1a lyc dan hoi cua co thanh rang coc dan;

voi Dy, =2,5mm 1a do nén 16n nhat ciia thanh ring

céc din khi trugt hai day

K. =4,88mN /nmm.

Khi di¢n 4p dan bang khong (U=0), céc thanh phan

Fev, Fal tréw thanh lyc dan, va d€ hé thong c§'> thé hoi vi

duoc thi tong cac thanh phan nay phai thang cac lyc

ma sat Fs, Fp.

F, +F, >F, cosb +F,, (14)

V6i Fyy = F, = £ (Fy +F, - F,)sinb

Vi: f . sinb =0,3" 0,5=0,15<1 vay tu (14) ta co:

Fo.+F, <F, +F, =F, +F,

Diéu nay ludn thoa man.

Thanh phan lyc Q theo phuong y s€ lam nén thanh

rang coc Va tao ra sy trugt cia hai day rang coc:

Q = F.cosh :(Fe', +F,, - Ffz)sin bcosb

rang  coc,

oo (15)
=%(Fe, +F,, - Ffz)sin 2b

Diéu kién dé ranh rang coc c6 thé hdi vé vi tri ban dau
la:
Q* F, +Fysinb =F, +f(F +F, - F,)sin’b

(16)
Céc diéu kién (15), (16) dé dang thoa mian vi cac
thanh phan lyc ma sat nho hon nhiéu so vdi lyc dan
hdi cta hé dAm chit V va cb dan hdi O.

4. Mo phéng va ché tao
4.1 Mo phéng
Nham kiém nghiém cac két qua tinh toan, kiém tra
nhi¢t d6 16n nhét tai dinh dam, chuyen vi cta hé thong
va ing suét tai cac vi tri nguy h1em nhom tac gid da
tién hanh mo phong trén phan mém chuyén dung
Ansys.
Viéc giai mot bai toan bang phuong phap phan tir hitu
han gdm ba budc co ban sau:
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Budc I- Tién xt 1y, xac dinh cac vAn d&: Xac dinh cac
diém khoa, cac duong, khu vuce va khdi, xac dinh kiéu
yéu t6 va vat lidu, dac tinh hinh hoc, chia ludi theo
duong, khu vuc hay khéi theo yéu cau.

Buée 2- Giai phap: O ddy, ta can dat cac diéu kién
bién, cac rang budc, cic ngoai luc/dién ap va cudi
cung la chay chuong trinh.

Budc 3- Hau xtur 1y: Tlep tuc xur 1y, phan tich va xem
két qua nhu la: Chuyen vi, ing suat, nhiét do va cac
biéu do, dd thi. Cac két qua md phong duge chi ra
trén cac H. 7, 8 va 9.

AN

sze-c3 T
Aane v

H.7 Ket q‘ua mo phong xdc dmh chuyén vi ciia hé dam
chit V, uimg voi U=16V

L™

Két qua mé phong ig sudt tai rang céc va cé co
cau chong dao

Db thi so sanh chuyén vi AD (um) véi b= 4.5 pm

=
©

=
o

.

N
|

Chuyeén vi w_D(u’l;n)
(2} (o<} o
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s
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5 75 10

~#—M0o phong
Tinh toan
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H.9 D6 thi so sdnh két qua mé phdng va tinh todn
chuyén vi cua hé dam chir V



Dua vao két qua mo phong, cac tac gia c6 mot sd
nhan xét nhu sau:

Chuyén vi 16n nhat cta dinh ddm chir V (AD=5,78pum
ung vai U=16V va AD=13,02pm tng véi U=21,35V),
két qua nay phu hop véoi két qua tinh toan theo giai
tich. (Sai s6 giita md phong va tinh toan la khoang
10% c6 thé chap nhan duoc).

Ung suét 16n nhat xuit hién trén mat rang coc Kkhi
chuin bj “bat rang” 1a 727,5 MPa, van dam bao dicu
kién bén véi vat lidu silic. Dua vao g sut nay ta co
thé tinh dugc luc ma sat trén mit rang theo cong thuc
sau:

—fF—fs

ms* max Ih

=6,55uN (17)
VO’I F..,F, Luc ma sit va ap luc phap tuyén tinh toan
=30" 1(um?) la
dién tich tiép xuc téi han giita hai ring coc khi “bat
rang”.
Theo cong thirc (10), ta cd: Fps=1,71 pN. Nhu vay luc
ma sat xac dinh qua két qua mo phong co gia tri gap
khoang 3,8 lan so v6i lyc ma sat tinh theo cong thirc
giai tich (10). Didu nay cho phép ta xac dinh lyc ma
sat chinh xac hon, trc 1a xac dinh gia tri m6 men can
chinh xac hon.
Giita két qua mo phong va tinh toan vé lyc ma sat va
chuyén vi c6 sy sai khac la do trong qua trinh tinh
toan ta coi hé dan nhiét, dién tro suét... 1a hang s,
trong khi thuc té cac hé sb phu thude nhl@t d6. Hon
nira khdi lwong céc chi tiét va hé s ma sat giita cac
bd phéan chuyén dong voi nén silic duge xac dinh
trung binh theo kich thuéc hinh hoc cua chi tiét, trong
khi mé phong, phan mém s& phan tich va dua ra cac
thong s chinh xac tir co s dir lidu khai béo.

duoc tr ng suét 1on nhét Omaxy O,

4.2 Két qua ché tao buéc dau

Vi dong co duogc ché tao tir phién silic kép (SOI),
bang phuong phap gia cong vi co khdi (Bulk —
micromachining), sir dung 1 mat na (single mask).
Céc quy trinh gia cong chinh nhu, ché tao mat na,
quang khic va hién hinh, an mon ion hoat hoa sau...
duoc thyc hién tai phong thi nghiém cua truong dai
hoc Ritsumeikan — Nhat Ban.

Céc chip sau khi ché tao s& dugc chup anh va khao sat
qua kinh hién vi dién tir quét (SEM). H. 10 1a anh
chup SEM cua vi dong co va cac bd phén chinh.

H. 10 Hinh dnh chup SEM ciia vi déng co cdi tién
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Théong qua hinh anh SEM cia vi dong co, co thé két
luan so bg: Cac kich thude hinh hoc va hinh dang cta
vi dong co phu hop véi thiét ké. Ty 18 cac vi dong co
thanh pham cao. Viéc danh gia do dac hoat dong cua
vi dong co s€ t1ep tuc dugc thuc hién trong thoi gian
toi.

5. Két luin

Bai bao da trinh bay thiét ké cai tién phan dan dong
cua vi dong co dién nhi¢t c6 duong kinh ngoai 2,5
mm, mo phong kiém chimg va ché tao budc dau vi
dong co nay. Cac két qua mo phong chuyén vi cta hé
thong trén phin mém ANSYS la phu hop voi két qua
tinh toan, cho phép lya chon cac kich thugce hinh hoc
hop 1y ctia hé théng, dong thoi khiang dinh do bén, do
tin cdy cta cac phan tir dan hoi trong vi dong co. Dbi
v6i lyc ma sat khi mo phong gép khoang 3,8 1an so
voi tinh toan, qua do khﬁng dinh d¢ tin cdy cia Kkét
qua mé phong. Cac tinh todn luc, dong hoc, gilp tim
ra dién ap dn ti thiéu cua vi dong co cai tién (16V
g v6i i=1 va 21,35 V tng vé6i i=2), dong thoi khing
dinh c4c wu diém so véi vi dong co kiéu cii [9].

Vi déng co nay sé dugc do dac, danh gia hoat déng va
chc dic tinh ky thuat. Cac két qua s& duoc cong bd
trong céc cong trinh khoa hoc tiép theo.
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