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This paper presents the design and analysis of a microgripper utilizing a
V-shaped electrothermal actuator with a high displacement
amplification factor (ky = 4.4) and an integrated self-locking
mechanism, which allows the gripper to maintain its hold on objects
without requiring continuous power supply, thereby significantly
reducing energy consumption. The system consists of a central V-
shaped actuator that drives the lever arms and gripping jaws, along with
a ratchet-based self-locking system actuated by two smaller V-shaped
actuators. By applying a driving voltage of U = 29.9 V, the total
displacement of the gripping jaws reaches Ax =112um , enabling the

microgripper to handle objects with a minimum diameter of 43 pm.
This design ensures high precision and adaptability in manipulating
various object sizes. Furthermore, the microgripper structure is
optimized to enhance displacement efficiency and gripping force while
maintaining a compact and easy-to-fabricate design. Future
improvements may include the integration of force sensors and an
automatic voltage control system to further optimize performance and
energy efficiency.
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Bai béo trinh bay thiét ké va tinh toan mot IOaI vi tay gap su dung vi
chip hanh dién nhiét dang dam chit V, c6 hé s6 khuéch dai chuyén vi
l6n (ky = 4,4) va tich hop co cAu ty khoa, gitip duy tri trang thai kep ma
khong can Cap nguon lién tyc, giam tiéu thu ning luong dang ké. Heé
thong bao gdm mét vi chip hanh chit V trung tim diéu khién tay don va
mé kep, cing vé6i hé thdng tu khoa sir dung co cdu ring coc dugc dan
dong bai hai vi chip hanh chit V nho hon. Khi 4p dung dién ap dan U =
29,9 V, chuyén vi tong cong cua hai méa kep dat Ax =112um , cho phép
kep vat c6 duong kinh nho nhat 43 um. Thiét ké nay khong chi ¢am bao
kha nang thao tac chinh xac véi nhiéu kich thudc vat khac nhau ma con
c6 tiém nang phat trién thanh hé thng tich hop thong minh, ching han
nhu cam bién do luc kep va diéu chinh ty dong dién ap dan dong, m¢
rong ung dung trong vi lép rap, vi robot va thir tai vi md yéu cau do
chinh x4c cao.
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1. Gioi thigu

Cong nghé hé thong vi co dién tir (MEMS - Micro Electromechanical Systems) 1a mot linh
vuc tién tién két hop gitra co khi va dién tir ¢ kich thudc micro, voi ing dung rong rai trong cong
ngh1ep, y hoc va qudc phong. MEMS cho phép ché tao cac thlet bi siéu nho, trong d6 vi cam
bién, vi chdp hanh va mach dién dugc tich hop trén cung mot nén vat liéu nhu silic hodc polymer,
tao ra cac hé thong thong minh, linh hoat va tiét kiém nang luong [1]. Trong s cac (mg dung cia
MEMS, vi tay gap la mét linh kién tiéu biéu, dong vai tro quan trong trong cac thao tac chinh xac
nhu nidm, kep va di chuyén cac vat thé kich ¢& micro, duoc ng dung trong vi lap rap [2], vi van
chuyen [3], vi phau va nghién ctru vi m6. Hién nay, vi tay gap dugc phat trién dua trén nhiéu co
ché dan dong, trong d6 phd bién nhit 1a co ché tinh dién va dién nhiét. Vi tay gap tinh dién [4] -
[6] hoat dong nho lyc hat tinh dién, mang lai uu diém vé toc do phan hoi nhanh, tiéu thu nang
luong thip va quy trinh ché tao don gian, nhung bi han ché vé bién d6 chuyén vi. Nguoc lai, vi
tay gap dién nhiét [7], [8] st dung hién tuong gidn no nhiét dé tao luc kep, cho phép dat duoc luc
kep 16mn hon nhung gip nhuoc diém nhu sinh nhiét cao va thoi gian hoi nhiét kéo dai. Co ché nay
dya trén sy gia tang nhiét do dé lam gian né mot phan cAu trac, tir d6 tao ra chuyen dong mong
mubn. Nhiéu nghién clru gén day cho thay vi chdp hanh dién nhiét kiéu dam chit V dang duoc
phat trién, ing dung tuong ddi rong rai [ 9] — [15] nho kha nang sur dung vat liéu tuong thich, quy
trinh ché tao don gian, luc tac dong, chuyen vi 16m, dién ap dan dong thip. Bai bao _nay tép trung
vao viéc thiét ké mot vi tay gap dua trén cdu trac cta vi chip hanh dién nhiét kiéu dam chir V, tan
dung cac wu diém vuot trdi cua hiéu tng kich hoat nay. Thlet ké dé xuat khong chi tdi wu hoa
hinh hoc nham khuéch dai chuyén vi 16n ma con tich hop co cu khoa tu ham, giup duy tri trang
thai kep ma khong can cép ngué)n nhiét lién tyc, tor d6 giam dang ké muc tiéu thu nang luong.
Bén canh d6, goc nghiéng cua canh tay gip ciing dugc thiét ké nham nang cao hiéu suit va do
chinh xéc trong thao tic v&i cac mau vat nho. Két qua nghién ctru duoc ky vong s& mang lai mot
giai phap hiéu qua, c6 kha ning img dung rong rai trong cac linh vuc yéu ciu cao vé do chinh xac
va ti wu hoa ning luong tidu thu.

2. Phuong phap thiét ké va nguyén Iy hoat déng

Sum|

32°

@)

Hinh 1. Cdu tao chung vi tay gdp Hinh 2. Co cdu khéa ham ding rdang céc

Hinh 1 chi ra cau tao tong thé va nguyén tic hoat dong ciia vi tay gip. Nguyén 1y hoat dong
clia vi tay gép dua trén su gidn nd nhiét cua cac thanh ddm manh (dang chit V) tir d6 sinh luc co
hoc dan dong cho tay kep thuc hién nhiém vy. Khi cép dién ap vao cac dién cuc @, dong dién
chay qua cdc dim manh chir V @ lam ching néng 1én va gidn ng nhiét. Sy gidn nd nay day
thanh (3) va (4) sang phai, truyén chuyén dong qua khép (5), khién hai ma kep (6) quay quanh
khép ban 18 (7) va thu hep khoang cach dé gitr chat vat. He rang coc (8) va (9) giir thanh (3) ¢b
dinh ngay ca khi ngimg cap dién, giup kep chic chin va tiét kiém ning lwong. Céac kich thudc co
ban ctia co cdu him dimg dugc chi ra nhu Hinh 2.
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DPé mo khoa, dién ap duoc cip vao cac vi chap hanh chit V (10), lam gidn nd hé dim, ning
rang coc (9) dé giai phong thanh (3). Nho lyc dan hdi ciia hé dam, thanh () di chuyén vé vi tri
ban dau, mé tay kep va tha vat. Thanh gat & khép (5) hd tro day vat ra, tranh hién twong dinh
kep. Lo xo chiu nén 12) gitp khir khe ho khép ban 1&, dam bao do chinh xac khi thao tac.

Co cdu nay giup tu dong hoa qua trinh kep — nha, giam thoi gian thao tac va han ché can thiép
thu cong, néng cao hiéu suat hoat dong cua hé thdng.

Gbi dinh hudng @ 13 duoc gan v6i nén, dong vai tro dinh hudng chuyén dong cho céac
thanh ddy va rang coc. Kich thude hinh hoc cua 10 xo 12), khép ban 1& (5) va cac thanh day duoc
chi ra trén Hinh 3.

|
1
_~o| 1
|
1100 W\F‘
P —— 2 A0um
T46pm 2
=] W= 6um
Mit cat A-A
Nén

'I

Hinh 3. Théng s6 kich thuée co ban ciia khdp ban 1é, 10 xo va thanh ddy

3. Két qua tinh toan va lwa chon kich thwéc cho vi gap
3.1. Tinh todn dong hoc
Céc tai liéu [8], [10] da chi ra phuong trinh can bang ning lwong nhiét & hé dam chix V (2):
d’T kS vt 0 )
St h-ga 4.p,.I
Véi T 1a nhiét d6 caa dam; T, 13 nhiét d6 moi trudong; U 1a dién 4p cdp cho hé dim, va cac
hang sé cta vat ligu silic [11] — [15] (hé sb gian nd dai @, =3,25.10°(K "), dién tro suét

P, =230 Q.m, hé¢ sb dan nhigt ks=105.1o*EK, hé s6 dan nhiét cia khong khi
um

k, =0,0257.104EK, hé s6 hinh dang S = O,6265£+1,1188); L, w, h 1an luot 1a chiéu dai,
w

um
chiéu rong va chiéu day cta cac dam don (2) (Hinh 3). Giai phuong trinh vi phan (1) va xac dinh
duogc do gian nd dai AL theo phuong ox cua dam don L [8]:

2 h. 2L
AL=g - Sy L€ =D @)
4p,L° kS| T(T+1)
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Chuyén vi tinh tién theo phuong oy [8], [11]: Ay = \/ (L+AL)* —(Lcos8)* —Lsin@ 3)
Tir biéu thirc (2), (3) véi chiéu dai budc ring coc p =8um, khe hé ban dau theo phuong Oy

1a 2sin(32%) ~ Lum ta 1ap duge Bang 1 mé ta gi tri dién 4p hoat dong Gmg vdi chuyén vi Ay cua
thanh day tai timg budc ring coc.

Tuong tu nhu trén, véi chiéu cao rang coc la Sum , ta tinh dugc dién ap hoat dong cua co cau
dan dong khéoa ham1aU=9,1 V.

Hinh 4 biéu dién cau tao hinh hoc cua vi tay gap ¢ trang thai ban dau (chua kep vat). Goi cac
diém A, B, O, K 1a cac diém thudc tay gap nhu hinh v&. H, E 1a hinh chiéu cua A va K 1én
phuong ngang. Piém E, O va I 1a cac vi tri ¢6 dinh. Goc nghiéng ban dau cua tay gip so Véi
phuong ngang 13 a = 45° va ky hiéu cac gia tri 46 dai cac doan tay don & trang thai ban dau nhu
sau: OE=¢; OB =h; OA=3a; EK=y; BK = k.

Hinh 5. So do tinh todn chuyén vi ciia ma kep
Hinh 4. Vi gap ¢ trang thdi ban dau (chuyén vi A-A’)
A’,B’,K’, H’ 1a vi tri méi cta cac diém A, B, K, H sau khi cénh tay gap quay mét goc ¢ (Hinh 5).
Chuyén vi thu dugc theo phuong thang diing cta thanh day do dam gian né nhiét la Ay = KK'.

Khi d6 chuyén vi & dau tay gép duoc tinh bang: Ax = OH —OH (4)
Mat khac: OH = AO.cos(a — @) va OH = AO.cosa thé vao ta dugc:
Ax =a(cos(a — @) —cosa) (5)
Toa do diém K 14 (e; y). Goi toa dd Bla (X,;Y,). Do OB=b, BK =k , suy ra:
b =X2+Y] (6) K =Xy —e) + (Y —y) )

Giai h¢ (6) va (7) véi 2 4n X,,,Y, ta thu dugc toa do diém B, két hop véi diéu kién tung do

diém B 1a 16n nhat hay: Y, = Max(Y,;Y,,);

L i L e i M U e e 2 )

’ 2(e* +y7%)
X —e(bz+52_k2+y2)—y\/4b2k2—(b2+k2_y2_62)2
B 2(62+y2)
cosa:ﬁ:e(bz+€2—k2+y2)—y\/4b2k2—(b2+k2—y2—ez)z ®)
2b(e* +y?)

Tuong ty nhu vay khi K’ ¢6 toa do (e, y — Ay) ta tim dugc toa d6 diém B’ va co:
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e(b* +&* —k* +(y—Ay)2)—(y—Ay)\/4b2k2 —(b* +k* —(y—Ay)* —€*)’

cos(ax— @) = ©))
2b(e” +(y — Ay)*)
Thay véo biéu thirc (5), ta thu duoc:
P+ — k2 AV ) = (v — AVNADZEE — (B2 + K% — (v —AV)? — )2
po| AV HE KO - AR K At

2b(e* +(y - Ay))

Két hop v6i biéu thiic (4) ¢ trén, ta s& thu duoc mdi quan hé giira chuyén vi & dau tay kep Ax
va do gian néd dam AL.

3.2. Tinh hé sé khuéch dai k véi bg thong sé chon trude

Véi bo thong sé kich thude chon so bo QUAN HE GIT'A DIEN AP VA CHUYEN VI
OA=a=800um; OB=b=600um; 120
OFE =e¢=320um; BK =k=507um; ~ —+— Chuyén vi Ax
KE =y=100umkét hop voi biéu thic sd 5 <0 - ® - Chuyén vi Ay

(3), (4) va (10) ta thiét 1ap duoc quan hé =
chuyén vi Ax, Ay véi dién ap din U (d0 thi&

Hinh 6). é 40 :
Puong kinh vat kep dugc xac dinh: 20
D=2(A_ . —Ax)=2(e—acosa—Ax) (11) 0
A A4 ‘- 0 5 10 15 20 25 30 35
Do hai bén tay kep chuyén vi dong thoi BIEN AP U (V)

nén chuyén vi thuc té cua thiét bj 1a2Ax suy
ra hé so khuéch dai chuyén vi

Ax
k,=2— 12
a=2% (12)

Y
Puong kinh kep vt co gia tri 43 - 189m, ta cd gia tri hé s6 khuéch dai k, dat duoc sau khi
tinh toan khoang tir 4,3 dén 4,4 theo cac murc dién ap U (Bang 1).
Bang 1. Chuyén vi Ay, duong kinh kep vét va hé sé khuéch dai tmg véi tirmg bude rdang céc

Hinh 6. D6 thi chuyén vi theo dién dp

S6 buéc ring céc 1 2 3 4 5
Chuyén vi Ay 9 um 17 um 25 um 33 um 41 um
bién ap hoat dong U 11,3V 16,5V 21,2V 25,7V 29,9V
Duong kinh vat kep AD 185,8 um 150,7 um 114,9 um 78,6 um 43,5 um
Heé s6 khuéch dai kg 4,3 4.4 4.4 4.4 4.4

3.3. Tinh todn luc kep tay gip
3.3.1. Géc ldc ¢ cua tay kep

Kich thuéc 16 xo 12) cho trén Hinh 7. Lo xo duoc bd tri tai
diém I voi muyc dich khir khe ho khép quay tay kep ¢ diém O,
nhim dat duoc su tdi wu vé& do bén cua 16 xo. Goi ALx 1a do
bién dang cua 10 x0, do bién dang 16n nhét caa 10 xo md phéng
dugcla ALx  _=25um

Dé chuyén vi ma kep 1a nhiéu nhat thi goc quay ¢ cua tay )
kep phai l6n. Va dé lyc dan hoi cia 1o xo gitip triét tiéu khe ho Hinh 7. Thong s6 l6 xo
khép ban 1€ O 1a chu yéu, it can tré téi luc kep trén ma kep, ta nén chon OI ¢ gié tri bé nhat (vé
mit hinh hoc Ol phai dam bao 6n hon mét nira chiéu rong cia 16 xo). Chon O =80um (bé rong

ctia 10 xo thiét ké 1a 146 zm). Goc quay tdi da cho phép cua tay kep:
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<arct ALY, 17,4° (13)
arctan =17,
¢1‘[121)( OI
Do goc l4c cua tay kep co gia tri nho nén ta co thé 1Ay ALx =~ I'T (véi I’ 1a vi tri diém | sau khi
o _ , .0l OI , ,
tay kep quay mot géc p): ALx~11=BB =E\/(XB — X)) —(Y, - Y,)* (um) (14)

3.3.2. Luc dan dong F 16 thiéu dé hé rang coc hoat dong

Luc kéo F do sy gidn nd nhiét ciia hé dam chit V (2) gdy ra duoc tinh theo biéu thirc [13]:
AL

F= ZI’ZEAT sind (15)

Véin 1a sé cap dam, E 12 md dun dan hdi cua vat
lidu silic, A =w.htiét dién dam, AL la d6 bién dang dai
ciia dam, 013 goc nghiéng ctia dim so véi phuong ox
(Hinh 3).

Mit khac do co cdu rang coc khi chuyén dong truot
s€ tao ra mot lyc can l1a hop luc ctia lyc ma sat va phan
luc phap tuyén mé ta nhu trong Hinh 8:

Véi F, 1a lyc dan hoi (hé dam dang chit V) do ring
coc cua chi tiét s6 (9) tac dung duoc xac dinh [11]: | — _—

o Do g Huo6ng chuyén dong  Vector luc
2n.E(12.1.cos“ @ +A .L"sin” @ . s L . o
3 Al (16) Hinh 8. S0 do luc can tai rang coc (tai thoi
L diém hai dinh rang coc tiép xuc)

w.h

F =KAl=

V6i K 1a d6 cimg quy doi hé dim, I 12 mé men quan tinh ctia mat cit ngang dam: J =

Khi Fg 16n nhat thi chuyén vi 1a: Al=5um (chiéu cao riang céc); Phan luc phap tuyén
F, =F cosa' voi o’ = 31° 1a goc nghiéng rang coc; Luc ma sat gita hai mat phang rang coc 1a
F,=f,.F, vaf, =0,3; Lyccan tong hop cua céc lyc néu trén 1a F, = 2(17}. +F,)

Dé thanh diy co thé ting 1 budc rang coc thi F> Ijz tuong duong:

F> FC =2(f,,.F,.cosa'+ F,.cosa'.sina')=2F,.cosa'(sina'+ f, ) an

Suy ra, lyc gidn nd nhiét ti thiéu dé vurot qua budc ring dau tién 1a F >10040,1uN ~10mN .

Két hop vai biéu thuc s (15) va bicu thirc s6 (3) ta tinh dugc dién 4p tdi thiéu dé co cAu vuot
qua budc rang thir nhat 1a U = 10,9 V. Khi hai dinh rang van con ma sat thi lyc dan dong:
F, = F —F_. Sau khi hai rang coc da an khop thi luc dan dong lai c6 do 16n ban dau: F=F

3.3.3. Tinh toan lyc kep F,

Ta tinh lyc tay kep dua theo phén tich luc dugc chi ra nhu Hinh 9, cy thé: F laluc dan dong
dugc tinh trong muc 3.3.2. F, 1a hinh chiéu cua luc F, trén phuong BK véi diém dit tai diem B,

. . F, AL .
V6i B 1a goc tao boi tia BK va KE: F, = ?".cos L= n.E.AT.sm O.cos 3 (18)
F., 12 Tuc dan hdi do 10 xo tac dung vao tay quay tai diém | . D6 cimg quy doi cua 10 xo k c6 do lén:

3

4L .a+L
L (19)
al ) e+,

a
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w

3

Véi o= (ﬂJ va E 13 m6 dun dan hdi vt ligu
a

silic, h 1a chiéu day cua dam, L,, Ly va W,, W, l4n

lwot 13 chidu dai va chiéu rong cia cic dim nhu

trong Hinh 10.

Lo xo trén bao gom 2 dam dang cang cua c6 do

cing k, = 502,9'”% m va 5 dam dang cang cua

c6 do ctmg k, =62,9“% 1 do hé 16 xo duge

.1z e . Hinh 9. So do luc tdc dung vdo tay ke,
mac noi tiép, nén do cing tuong duong la: & e

LaJ Wq
k,.k
k,d=1—2=11,9/”V . L
Sk, +2k, um )
Do 16n lyc dan hoi: F,, = ALx.k,, (o) I

i ) Hinh 10. Cdu tao dd‘m’dang cang cua

Tur bicu thtc s0 (2) ta thu duge: Ax =a(cos(ax —@)—cosa); Coi thong s6 a va goc ¢ la cac
gi4 tri hang s6 thi quan hé gitta Ax va o 12 ham don digu tang v6i o thude mién gia tri (0; 7/2), ta
chon o va a c6 gia tri 1én nhat ¢o6 thé dé chuyén vi 1a 16n nhat.

Mit khac, khi xét dén d6 16m cua luc kep F tai diém A tinh theo phuong trinh can béng
moment tai O: Fr — F,.OB.sinOBK — F,, Ol _ b.%.cosﬁ.cos(ﬂ—a + @) —ALx.k.Ol o1

! OA.sin(a — @) a.sin(a — @)

Tir biéu thac (18), ta tinh duoc luc kep 16n nhit tai bude ring tha 5 véi U = 29,9V 1a

F =21346,5uN ~21,3mN

4. Két luan

Nghién ctru nay da dé xuat mot thiét ke moi cho vi tay gap str dung vi chap hanh dién nhiét
chir V, mang lai nhiéu cai tién dang ké vé hiéu suat va kha nang ung dung. Voi hé s6 khuéch dai
chuyén vi cao (4, 44), co ché tu khoa vat kep ma khong can duy tri dién ap dan cung véi kha
ning diéu chinh dé kep cac vat c6 duong kinh khac nhau, thiét ké nay mo ra tlem nang ung dung
rong réi trong cac h¢ thdng vi co dién tu va vi lap rap chinh xac. Uu diém ndi bat nhit cia thiét
ké 13 co ché tu khoa nho két cdu ring coc mot chiéu, gilp giam ti€u hao nang lugng trong qua
trinh van hanh. Thiét ké nay khong chi don gian, d& ché tao ma con c6 kha nang thich ng linh
hoat v6i nhiéu kich thugc vat kep, tir d6 mo rong pham vi st dung trong thuc té.

Huéng phit trién trong tuong lai c6 thé tap trung vao viéc mé phong klem bén, ché tao thir
nghiém, do dac cac dac tinh, danh gia nhiing uu diém ndi troi cua vi tay gép; tich hop cac cam
bién do luc kep, phat trlen hé théng diéu khién tu dong dé diéu chinh dién ap dan dong t6i wu
nham nang cao hiéu suét nang 11I0'ng Ngoai ra, nghién ctru sau hon vé tdi uu hoa cu trac co khi
va vat lidu ché tao c6 thé giup cai thién do bén va do tin cdy cua vi tay gip. Nhitng cai tién nay
htra hen sé nang cao gia tri ng dung clia thiét bi trong cac hé théng vi lép rap tu dong, vi robot,
va cac thiét bi thr tai vi mo yéu cau do chinh xéc cao.

Loi cam on

Nghién ctru nay fiu’qc tai tro béi Truong Pai hoc K thuat Cong nghiép — Pai hoc Thai
Nguyén theo dé tai cap co so, ma so T2024-TS18.
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