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VI MO TO NHIET - PIEN SIEU NHO CHE TAO BANG CONG NGHE MEMS

Tran Vin Quan', Bui Hiru Nam’", Nguyén Tién Diing’

TOM TAT

YWién Co khi, trwong PH Bdch khoa Ha Nji

2Tyruong Pai hoc K7 thudt Cong nghiép — DH Théi Nguyén

Ngay nay, cung voi sy phat trién manh mé cua cong ngh¢ MEMS, cac vi mo to dang duoc nghién
ctru, ché tao va tmg dung ngay cang pho bién. Bai bao trinh bay thiét ké va mo phong mot mau vi
mo to quay str dung bd kich hoat nhiét dién dang chit V. Vi mo to cé kich thude ngoai 2,4mm,
hoat dong v&i dién 4p dan tdi thiéu Upi=19V trong dai tan s6 hang trim Hz. Uu diém nbi bat cua
loai vi m to nay la tidu thu nang luong it (dién ap dan dong thap), hé thong diéu khién don gian,
c6 thé ché tao hang loat d& dang dwa trén cong nghé vi co khoi (Bulk - micromachining).

Tw khoéa: Vi mo to quay, B¢ kich hoat nhiét dién; Cong nghé vi co khoi

GIOI THIEU

Cung voi sy phat trién ciia nhiéu cong nghé
san suat m&i lan rong trong MEMS (Micro
Electro Mechanical System), cac b6 vi kich
hoat, vi mo to da dugc nghién ctru, khai thac
va (mg dung rat rong rai [1,2]. Hiéu Gmg vat
ly ung dung trong MEMS ciing rat da dang,
ma dién hinh 1a hiéu Gng gidn nd nhiét. Khéac
vdi cac hiéu ung khéc, hiéu rng gian nd nhiét
c6 thé cho chuyén vi va lyc 16n & dién ap nho.
Mot vai loai vi mé to tuyén tinh st dung cac
bo kich hoat nhiét dién nhu bd kich hoat hinh
chir V [3-9], chit Z [10-11], hay diam “ndng-
lanh” [12-14] .., ching han c6 thé st dung 5
bo kich hoat nhiét dién dé tao ra chuyén dong
2 chiéu ciia vi mé to dang sau do [15]. Ciing
¢6 thé tao ra chuyén dong 2 chiéu cua vi md
to bang viée sip xép cac bo kich hoat gidng
nhu cac banh lai bén ngoai [16]. NOi chung,

C4C Vi mo to ndy ¢ cau trac va cong nghé ché
tao twong dbi phuc tap.

Trong bai bao nay, nhom tac gia d& xuat mot
mau vi md to quay mot chidu ng dung hiéu
mg gidn nd nhiét co thé ché tao bang cong
nghé vi co khéi chi st dung mt mat na giap
giam gia thanh khi gia cong hang loat va ting
do chinh xac. Bon b kich hoat hé dam chit V
két hop v6i hé thong thanh ring c6 dé dan
d()ng Vénh rang bén ngoai, cung véi do6 la
bbn co cdu chdéng dao giit vanh ring trong
qua trinh hoi vi. Mau vi mo to nay c6 két ciu
don gian, ty trong cong suét 16n, dién ap din
tuong ddi nho...

CAU TAO VA NGUYEN LY HOAT
PONG CUA VIMO TO

Cau tao ctia vi mo to dugc thé hién trén hinh 1.

Diém dan hdi w = 4um

Hinh 1: Cdu tao vi mé to
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Nguyén ly hoat dong cua vi md to dua trén ly
thuyét gidn nd nhiét voi trung tam 1a bon b
kich hoat nhiét dam chit V (1). Khi cp dién
cho cac dién cuc trén bo kich hoat, cac dim
cua by kich hoat gian nd va déy dinh dam
chuyén dong tinh tién lam cho thanh (3) quay
quanh cb dan hdi O. Théng qua cac co ciu
truyén chuyén dong (4) duoc gin trén thanh
(3) s& day banh rang din (5) quay thuan chiéu
kim ddéng ho. Khi dién ap dan bang khoéng,
nhd lyc dan hdi & c6 dam O va lyc dan hoi
cua bd kich hoat nhiét (1), thanh rang coc dan
(6) hdi v& vi tri ban dau. Banh rang dan khong
quay nguoc tré lai nho co cau chong dao (2).
Sau mdi chu ky diy cia bo kich hoat nhiét
(1), rang coc dich chuyén mot doan ix p: voi
pla bude cua ring coc ung véi chiéu cao
rang coc h, i phu thudc vao chuyén vi cua
thanh rang coc, tirc 1a phu thudc vao do lon va
tan s6 cua dién 4p dan.

Bai béo trinh bay tinh toén, thiét ké vi mé to
quay c6 kich thudc ngoai 2,5mm sir dung bo
kich hoat nhiét dang chit V dan dong véi cac
thong sb kich thudc chinh: s6 cap dam:n=6,
chiéu dai mdi dam don L =300um, chiéu
rong b=5um, chidu sdu h=30um, g6c
nghiéng cua dam so voi phuong dich chuyén
ctia dinh dim ¢ =2° (nhu hinh 2).

— L

Hinh 2. M6 hinh dam nhiét chi V

TINH TOAN NHIET VA CHUYEN VI CUA
DAM CHU V

Tinh phin b6 nhi¢t va hye diy cia dim
chir V

Phuong trinh truyén nhiét dang thu gon:

Trong d6 J la mat d6 dong dién, p la dién
tr& sut cia dam, k 1a h¢ s din nhiét.

Gidi phuong trinh (1) ta thu dugc phuong
trinh phan bo nhiét bén trong dam chir V:

B

T(X) =T, +F+C1eAX +C,e ™ (2)
2

Trong do: BZIZU k,AZ:B}b va |=2L;
Po

_e’ZAL +1 i 2L _q A

C=F c, -t i

2’ e —e l eZAL_efZAL

T =20°C;p, la dién tr6 suat tai T, (nhiét do

mdi truong xung quanh) va A 1a hé sé nhiét
d6 tuyén tinh. Tur (2) ta c6 do gian dai cia
dam don:

r B, C C
AL = TX)-T. dx=a| =L+ e -1 -=2 g" 1
Oja(T) (x)-T, o{ 2 . }

A
7 ‘ )
Luc day cua dam theo phuong dich chuyén la:
Z Fthermal = 2nAE A_LLSin [24 (4)

Trong d6: n: 1 sé cap dam ctua mdi bd kich
hoat; A: la tiét dién mat cat ngang cua dam
don (um®); E: mé dun dan hoi cua vat lidu
Silicon (Pa).

Tinh chuyén vi AD ciia dinh dAm chir V
Chuyén vi AD dugc tinh theo cong thirc

sau:AD=B'H —BH =+AB”?—-AH? —BH

:\/ L+AL >~ Lcosa * —Lsina (5)

Hinh 3. So do tinh chuyén vi cia dinh dam chiv V
Ung véi cac gia tri U=15+25(V), n=6,
A=5x30 pm?, E=169.10° Pa, L=300 pm,
0r=4.10° K™, 1=1,25.103, p,~1200 Q.m,
k=1,56.10*Wum™K? (tai 300K). Ta thu

d*T .
k v J2p=0 1) duoc bang thong so (bang 1).
Bang 1: Bang thong s6 tinh todn nhiét va chuyén vi cia dam chit V
DE}’R,;‘" AL (um) T (C) AD(um) > Foema (MN)

15 0,1188 200,92 2,9795 4,2
17,5 0,1796 278,28 4,2741 6,4

19 0,2315 334,38 5,2948 8,2
22,5 0,3936 494,52 8,1249 13,9

24 0,47 578,59 9,3189 16,6

25 0,5495 659,83 10,4903 19,4
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PHAN TICH LUC TRONG HE THONG VI
MO TO

Qui trinh din

Vi mo to duoc dan dong bang bon bo kich
hoat nhiét dam chtt V doi xing (hinh 4.a).

d

>Fthermal r
F

14
i

QJ U-IIIII[II]IIIIﬁTIIIII)I)[[H[IIIII
a

Hinh 4 Hinh 4.b

Hinh 4. So dé tinh luc dan dong
Xét rieng mot bo kich hoat nhiét dam chir V.
Cac luc tac dung Ién dam nhu hinh vé 4.b
2F -F-ZF, =0=F =ZF 2F

thermal thermal — e

=F=XF —-nk.A (6)

thermal
V6i: A la chuyén vi ciia dinh dam chix V (ludn
€0 A<AD; Fiema 12 lyc gidn né nhiét cua
maot cap dam chir V; n 1a sé cap dam; F. 1a
lyc dan hdi cua mot cap dam; F 1a noi luc
Xuat hién tai mat cit A-A trén phan dén
dong dam; k=23305uN/um la d6 cing
ctia mot cap dam.

Hinh 4.c

Goi d 14 chuyén vi ctia thanh rang, don gian
hoa d:?lm dam quay dé tinh toan chuyén vi A
tai phan dat luc dan dong F (hinh 4.c).

Trong d6: r, =440umla khodng céach tir diém
dan hoi dén dinh dam b kich hoat dang chir
V.r=1040xm 1a khoang cach tir diém dan hoi
dén ring

I
F= Z thermal nkA z thermal nkd?l (7)

D6i voi thanh ring va vanh ring dan dong,
cac luc tac dong dugc thé hién trong hinh 5:

c6c.Thé vao (6) ta co:

4

Ring coc
béanh din

Pinh co cdu chng dio

p=10um ‘

hﬁym‘

Thanh rang coc

Hinh 5. Phdn tich lee qud trinh dan dong

Trong d6:F dong vai tro 1a lyc dan dong
F,la luc dan hoi cua dam (quanh diém dan
hoi); F,,la luc ma sat giita ring céc dan va
nén Si; F,, 1a lyc ma sét giira banh ring dan
va nén; F,la lyc dan héi ciia co cau chong
dao; F,la lyc ma sat giita dinh coa dam
chbng dao va bé mat ring coc.

Trong truong hop nay, khoang dich chuyén d
cua thanh rang coc théa man diéu kién sau:
d=i.p+g. Trong do: i la so6 nguyén i=1,2...,
p=10pm, g=2um la khe hé ban dau giira cac
rang cua thanh rang céc dan va vanh rang
(xem hinh 1).

Modmen dan dong ciia vi mo to dugc xac dinh
bai cong thic sau:

MdzMF_MTZ_J_MM_MfS (8)

D~é co ciu co thé hoat dong dugc, md men
dan M, phdilénhon M, :M,>M,  (9)

Trong d6: M, la md men din dong F;
M;(i=234) la cAc md men ma sat (tinh

quanh diém dan hoi O). Chiing dugc tinh theo
cac biéu thuc:

M, =Fr M, =fmGr; M =1fmGur;
M, =fmGr,F =k.h; M =TfF.cosar,
M, =k,.d.r =k, .(i.p+g).r (120)
Trong d6: G la gia téc trong truong

(G =9,81.10° (um/s?)); f=0,3 la hé s6 ma
sét gitra Silicon-Silicon; m,,m,,m, lan luot 13
khéi lugng cua thanh rang coc, banh rang dan
va banh rang bi dan; k, =2,88uN/um la do
cing cua dam quay co dan hoi; h=6xm la
chiéu cao ciia rang coc; r, =1220.m: khoang
céch tir diém dan hoi (co dan hoi) dén diém
tlep x(c giita banh ring dan va banh ring b1
dan; k. =21,19uN/um 1a do ciing cua co cau
chéng dao; «=30": gbc nghiéng Cua rang
coc; r, =1180umla khoang cach tir diém dan
hdi dén tam vanh banh rang dan.

Dva vao (8), (9) va (10) ta co:

Y P 2 rl MmMA'HM,ﬁMmk (ip+g)r +n.k.(i.p+g).1r1 (11)

1

. I, 440
. A=(i.p+g).L=12.—— =507
Vay:iogz |7 GPHO =120, =5.07um 40

Z thermal = 5' 2mN
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. r 440 F,=fF =f F,+F,—-F,, sina (14)
A=(i.p+g).+=22.——=9,3um f1 n o e 112
g [ATUPHO =200 =93um (g3

Z thermal —9'452mN

Do chuyén vi thuc t¢ A khi dan dong ludn
nhoé hon chuyen vi AD vay tir (12) va (13) tra
bang 1, két qua tinh toan chuyén vi va luc day
cua dam chit V ta c6 két luan nhu sau:

+ Pé hé théng chuyén dong duoc 1 bude ring
can dién ap tdi thiéu 1a: Upi, =19V

+ Pé hé thong chuyén dong duoc 2 bude ring
can dién ap ti thiéu 1a: Up, = 24V

Qua trinh hdi vi

So @b phan tich luc qua trinh hdi vi nhu hinh
vé 6. Trong qua trinh hdi vi (khi dién ap dan
bang 0), do anh huong cua luc dan hdi cua
cac dam, thanh rang coc hdi vé vi tri ban dau
va tac dung mét luc 1én vanh rang.

Fel + Fev - Ft?

Hinh 6. So do phdn tich lwc qud trinh hoi vi
Trong d6: F, 1a luc dan hoi cua bo kich hoat
nhiét dam chit V: F, =nkA(F,: phan lyc
dan hdi: F, =—F, ); F,1a luc dan hdi cia cb
dim O (F, : phan lyc dan héi: F, =—F, ); F,
la phan lyc dan hoi theo phuong vudng goc
vGi bé mat rang cta thanh rang coc dan; F,, la
lyc ma sat truot gitra rdng cua thanh rang coc
dan va vanh rang; i q
F. =k..Ay, la luc dan hoi cua co thanh rang
coc dan; voi Ay, =2,5um 1a do nén I6n nhat
ctia thanh ring coc din khi trugt hai diy rang
coc, k. =4,88uN/umla do cang cua co
tha}nh rang coc dan. L ] .
Dé h¢ thong co theé hoi vi ve vi tri ban ddu
khi ngarng Cap di¢én ap U thi:

O thoi diém bét diu qua trinh hdi vi, luc dan
hdi F, +F,, thang luc ma sat F,, va F,,; Luc

F,, 0 thé tinh theo cong thic sau:

144

Vi f.sina=0,3.0,5=0,15<1 vay tir (14) ta cod
Fo+F,<F,+F, =F, +F,

Thanh phan lyc Q theo phuong y s& lam nén
10 X0 va tao ra sy trugt cua hai day rang coc:

Q=Fcosa= F, +F -F, sinacosa :% F,+F, -F, sin2a

(15)
bicu kién d¢€ ranh rang coc co thé hoi ve vi tri
ban dau la:

Q>F,, +F, sina=F, +f F,+F, -F,, sin’«
(16)
Tir (15) va (16) ta co:
2F,, i,
|>£ sin2a —2fsin®« —g|=-019
P k, +nk. 1

r
Vay luon luén théa man (16)

Tom lai: + Dién 4p t6i thiéu dé h¢ thong
chuyén dong dugc 1 budc rang la: U =19V
+ Dién 4p tdi thiéu dé hé thdng chuyén dong
duoc 2 budcrang la: U, =24V

MO PHONG NHIET VA CHUYEN VI CUA
BO KiCH HOAT NHIET

Diéu kién bién: hai dé (2 cuc) cua bo kich
hoat nhiét dim chit V dit ring budc ngam va
thiét 1ap nhiét d6 (T, =20°C). Tién hanh mo
phong bang phian mém Ansys va so sanh véi
két qua tinh toan trén phdn mém Matlab tng
v6i dai dién 4p bién thién tir 15+25V, ta thu
duoc cac cac két qua nhu hinh 7, 8. Tur d6 ta
nhéan théy:

- Nhiét d6 16n nhét xuét hién ¢ dinh dam chir
V. Két qua nay twong dbi sat v6i két qua tinh
toan. Tai 25V sai sb 16n nhat Styau=12,05%

- O dién 4p cang cao (hay nhiét d6 cao) thi sai
sO giira két qua tinh toan va mé phong cang
16n ¢6 thé dugc giai thich do trong phan tinh
toan, & don gian cac tac gia bo qua ton that
nhiét do burc xa va dbi luu va ciing khong xét
dén sy thay ddi theo nhiét d6 cua hé sb gian
nd nhiét ar va dd dan nhiét k.
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AN

MER 9 2014
20:45:21

NODAL SOLUTION

STER=1
SUB =1
TIME=1
TEME
RS¥S=0
DX =5.627
sM =20

SMK =353.592

(ave)

20 94,131 168.263 242,394 316.526
279.46

57.066 131.197 205.329 353.592

Db thi so sinh nhiét 4 Tmax ciia dim chir V
800 /+
700 |
600 / —
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100
Tinh todn
0
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Diéndp U (V)

AN

MAR 9 2014
20:45:38

HODAL SOLUTION
STER=1

-.4472-03 128 2.501 3.751 5.002

Hinh 7:a. Nhiét @ phdn bé trén dam iing véi U=19V; b, D6 thi so sanh nhiét @6 Tpax trén dam chiv V

Chuyén vi >D (nm)

524738
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-
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=
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o

PO thiso sinh két qua chuyén viciia dinh dim chir V

1

/n/
P =
/

\

=B Mo phong
Tinh toan

—
o

175 20
Diénap U (V)

25 25

Hinh 8: a. Chuyén vi cua dinh dam chi Vung véi U=19V; b. Do thi so sanh chuyén Vi cua dinh dam chit V

KET LUAN

Bai bao di trinh bay nguyén 1y hoat dong,
tinh toén chuyén vi va dong luc hoc cau trac,
mo phong mot mau vi mo to quay, dan dong
bfmg cac bo kich hoat ddm chir V. Vi mo to
c6 thé hoat dong véi dién ap dan tdi thiéu
Unin=19V trong dai tan sd hang tram Hz. Cac
két qua md phong trén phin mém Ansys
tuong ddi sat véi két qua tinh toan. Sai sb 16n
nhét gitra tinh toan va mé phong 1a 12,05% tai
dién 4p dan 25V.

Uu diém ndi bat ciia vi mo to 1a dién ap dan
thip, don gian trong thiét ké va diéu khién, sir
dung cong nghé ché tao vi co khdi don gian
v6i chi mgt mat na. Trong twong lai, vi mo to
nay c6 thé duge tich hop vao trong cac khép
quay cua vi robot hodc trong cac hé thdng van
chuyén/lap rap micro nam trén chip.
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ELECTRO - THERMAL MICRO-MOTOR FABRICATED

BY MEMS TECHNOLOGY

Tran Van Quan®, Bui Huu Nam?", Nguyen Tien Dzung?
ISchool of Mechanical Engineering, Ha Noi University of Science and Technology,

2College of Technology - TNU

Micro-motors based on MEMS technology are recently researched and developed world-wide.
This paper presents design, simulation of a micro-motor using V-shaped electro-themal actuator.
This motor has cover diameter of 2.4mm, can operate with minimum applying voltage Uy, = 19V
and driving frequency ranging from 1 to hundreds Hz. Advantages of this motor are lower driving
voltage, simple control and batch fabrication based on bulk-micromachining technology.
Keywords: Micromotor; Electro-thermal Actuator; Bulk-micromachining Technology
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