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Tém tat. Kep micro dung dé gip, giit va tha cac vat thé trong thé gidi micro. Vi nhidu ing dung quan
trong trong nganh cong nghé ky thudt cao, viéc pht trién va thiét ké cac nguyén Iy hoat dong ciia kep micro
dang la vin d& quan tdm cua céc nha nghién ctru. Pac biét dung dé gip va tha cac vat thé ¢ do dinh cao.
Trong nghién ctru nay, tac gia trinh bay mét dung cu kep micro vdi tinh nang tu dong tha vat thé c6 do dinh
cao. Kep duge céu tao dua trén nguyén ly hoat dong co cdu mém vdi hai vi tri can bang. Bén canh d6, mot
co cau dung dé tao dao dong gitip cho vat thé c6 do dinh cao duoc tha ra bang cach va cham gifta cdc co
cAu. qué trinh gap va tha dugce kich hoat dwa trén ngoai luc tac dung. Loi dung déc diém ctia co cAu mém
hai vi tri cdn bang, dung cu kep micro khong can dung dén bat ky ngudn ning luong bén ngoai nao dé tac
d6ng vao qua trinh giit chit cua kep micro. Céu tric khdp mém gitp tranh cac lyc ma st va mai mon trong
qua trinh hoat dong cua kep.

T khoéa: Tay kep, tuan thi/trinh tu, co c4u 6n dinh kép.

RESEARCH AND DESIGN OF THE MICROGRIPPER WITH RELEASE ADHESIVE
OBJECT BASED ON VIBRATION

Abstract. Pick and place task are largely widespread operations in the industrial world, especially in micro
world. At these scales, surface forces become dominating in comparison with volumic forces. Microgripper
help the human do the task in the tiny world. The paper presented a gripper capable of autonomous release
of micro objects. Release of adhered micro objects is achieved by vibration of end effectors. The vibratory
motion of the end effectors is attributed by an impact bar embedded in a bistable mechanism. External force
was applied to operate the gripper. Exploitation the bistable mechanism behaviour, the gripper requires no
power input during gripping of objects. The compliant mechanism of the gripper help limitation the friction
and wear for its operation.

Keywords. Gripper, compliant, bistable mechanism, adhisive object.

1. GIOI THIEU

Céc thao tac trén cac kinh hién vi dién tir hodic cac kinh hién vi electron doi hoi viée giit chat cac mau vat,
han ché su di chuyén dén murc t6i thiéu ciia cac mau vat [1]. Cac thiét b kep chit véi cac co ciu khoéa chat
gitp thyc hién muc dich trén. Trong sudt qua trinh kep, giit va tha mau vat cua kep micro, hién tugng dinh
gitta mau vat va thiét bi kep xay ra, co thé do d6 nhét cla | mau vit cling nhu méi truong thao tdc, da anh
hucng dén ket qua cua mau vat [2]. Do d6 qua trinh tha mAu vt ma loai bo duge su két dinh giira mau vat
va dau kep can duge nghién clru va phat trlen Céc co cdu rung, lic c6 thé duoc ing dung dé loai bo luc ket
dinh gitra mAu vt va diu kep cua kep mau vat. Phuong phép d6 chinh 1a sir dung co cdu rung dé diy mau
vat tir ddu kep ctia dung cu kep [2]. Co cdu nay duoc gi6i thiéu béi Chen va cong su [2], co cau duge kich
hoat boi lyc tinh dién. Aray va cdc cong su [3] da phan tich su can bang cta luc bam giira vat thé va dau
kep dugc ché tao véi cac kim tu thap micro trén bé mat dé vuot qua sy bam dinh. Chen va cong sy [4] da
thiét ké hé théng diéu khlen micro hoat dong bai co cAu ap dién (piezoelectric). Pau kep cua thiét bi c6 thé
dao dong boi cac co céu 4p dién, giup mau vat va dau kep tach ra. Demaghsi va cac cong su. [5] ciing da
thiét ké mot thiét bi kep micro bang kim loai dé gap va tha céc vat thé kich thudc nano bang cach rung cac
dau kep. Mot h¢ thong comb drive dugc sir dung dé sinh ra sy rung dong két cdu. Fang et al. [6] ciing da
bao cao viée gap va tha cac vat thé micro tir diéu khién hoat dong boi 16p cam bién 4p dién.

Céc co cau mém ciing duoc img dung nhiéu trong cac thiét ke dung cu kep, dién hinh la co ciu kep su dung
trén robot bay do Zang va cac cong sy phat trién [7]. Co ciu kep nay dugc phat trién dya trén co cau meém
trong khong gian, co ciu gdbm ba tay kep, gitp kep chit cac vat thé. Khi vat thé va cham vao phan tiép xic
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cuia kep, kep s& tu dong lai gitip giir vat thé. Tuy nhién, phan hoat dong tha vat thé chwa dugc trinh bay va
nghién ctru, bén canh do, cac thi nghiém thuc té van chua dugc tién hanh nham kiém L nghiém hoat dong cua
co cau kep. Lofroth va Aveci [8] cling gidi thiu mdt loai dung cu kep micro voi chu tric dugce cau tao tir
co ciu mém. Loai kep nay hoat dong dwa vao co cau ap dién, khi cung cép dién vao, co chu sé& kep vat thé
va gnr Khi nha vat thé can ngung cip dién. Co cdu nay ¢6 clu tao phuc tap, can nguon nang luong bén
ngoai dé duy tri hoat dong. Nguyen va Wang [9] da gidi thiéu co cdu mém hai vi tri 6n dinh dung cho viéc
gilt va tha vét thé, cac thiét ké duogc thuc hién ¢ mirc d6 milimet. Nhung cdc thi nghiém cting nhu khao sat
céc yéu t6 tac dong dén hoat dong cua co c4u van chua dugce thyc hién. Phin 16n céc co cau mém tng dung
trong thiét k& kep chu yéu nghién ctru vé phan kep, con phan tha vat chua duoc chi trong nghién ctu.

Céc phuong phép rung tha cin lugng 16n cac cam bién dé xuc tac cac lién két tic dong cudi ciing. Trong
bai nghién ctru nay, dung cu kep micro ¢ kha ning ty dong hoa viéc gip va tha mau vat nho dugc dé xuét.
Chuyén dong rung ciia cic dau kep dugc tac dong boi luc truyén dong tir mot thanh chuyén dong trong co
céu 6n dinh hai vi tri can bang. Két cau mém ciia kep gép micro lién két cac dau kep khong gay ra luc giat,
lyc ma sdt va do mai mon trong qua trinh vén hanh. Phén tich phan tir hiru han ciia kep micro dugc thuc
hién dé mé ta hanh vi cua thiét bi nay. Céc nghién ctru vé qua trinh rung dong ciing dugc thuc hién nham
gitip hiéu thém vé tinh chét hoat déng ctia co cu.
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Hinh 1. Nguyén 1y hoat dong ctia thiét bi.
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2. THIET KE
2.1. Nguyén ly hoat djng

Hinh 1 thé hién so d6 nguyén ly cia kep micro. Toa d¢ Cartesian cing dugc bao gdm trong hinh.
Thiét bi duoc ché tao 13 mot khdi lién, khong c6 cac khép ndi. Boi khong o cac khdp dong ma
thiét bi giam d6 mai mon, giam yéu cau ché tao, ma tang do hoat dong chinh xac co cau. Kep
micro dugc thiét ké dua trén két ciu hai vi tri 6n dinh kiéu Chevron, gom cac thanh dan hdi dugc
ngam & mot dau va co thanh cing bén trong. Hinh 1 miéu ta sy van hanh ciia kep micro. Hinh 1(a)
thé hién vi tri ban dau, co céu 6n dinh hai vi tri ban dau ton tai vi tri 6n dinh dau tién va hai tay
kep & vi tri md. Mot mau vat dugc dat gitra cac dau kep. Nhu trong hinh 1(b), boi vi luc tac dung
F vao thanh chuyén dong, co céu 6n dinh hai vi tri can bang bi tic dong di xuong theo chleu y, kéo
hai canh tay kep déng ddng thoi kep mau vat. Loi dung tinh chit ciia co cAu hai vi tri 6n dinh cin
bﬁng, moét su dich chuyén manh dién ra, co ciu chuyén ddi dén vi tri 6n dinh tht hai. Khoéng can
luc tac dung dé gitr co cAu & trong trang thai on dinh, va vat thé vi mé duoc duoce kep gilt boi cac
dau kep cua céc tay kep. Nhu trong thé hién trong hinh 1(c), tic dung mot luc F theo hudng +y
vao thanh chuyén dong, co c4u 6n dinh hai vi tri can béng bi tac dong di 1én, kéo hai canh tay kep
mo ra dé tha vat thé micro. Trong luc d6, thanh chuyén dong tic dong canh tay kep dé sinh ra su
chuyén dong rung cua dau kep dé bung vit thé ra trong trudng hop vat thé bi dinh chit vao mot
trong cac dau kep. (Tai hinh 1(d))

T6 hop ciia co cau On dinh hai vi tri 6n dinh c6 thé dap ung luc giir kep on dinh ddi vdi vat the vi
mé ma khong can Iyc dau vao va bao toan luc twong tac tinh gitta cac lién két tic dong cudi voi
vat thé bi kep. Khong c6 cac hé théng diéu khién tinh vi, tay kep vi mé lién két véi thanh chuyén
d6ng c6 thé giam thiéu nang luong diéu khién va giam chi phi trong viéc tha mau vit bi dinh.
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Hinh 2. Dic tinh cua co cdu hai vi tri én dinh

2.2. Co cau hai vi tri 6n dinh

Hinh 2 thé hién nguyén 1y hoat déng ctia co cdu hai vi tri cdn bang véi dac trung chinh 14 db thi
duodng cong (f-d) cua co cau. Hudng di ctia ngoai luc tac dong, F, duoc chii thich & hinh 1(b). Vi
tri a 1a vi tri 6n dinh thtr nhat cta két cdu, vi tri b 13 vi tri bat 6n dinh, co cdu dé dang di chuyén
qua vi tri a hodc c. Vi tri ¢ 1a vi tri 6n dinh thtr hai. Khoang cach cua thanh chuyén dong tuong tu
nhu khoang céach cua co cAu. Su chuyén dong clia mau vt bi kep co thé nhan biét khong can luc
tac dong dau vao. Viéc giit vat thé khong can ngoai luc do chinh lyc nén cua co cau khi bi
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bién dang tao ra gitip cho co ciu giit vat thé & trang thai can bang thir hai. Kich thudc cua
canh tay kep c6 thé thay d6i dé dap tmg yéu cau cua kich thudc mau vt can kep. Thanh chuyén
dong dung dé tac dong chuyén dong rung cua cac dau kep khong yéu cau cic co cu tac dong truc
tiép bén trong [2, 4-6].

Hinh 3 trinh bay chi tiét mot phan két ciu cta co cdu hai vi tri 6n dinh cin bang, két cdu co cau
tao gom mot thanh dan hdi nhé véi hai diu duoc ngam vao mot bé miat cing, chinh gitra thanh dan
hoi nay dugc két ndi véi mot thanh dan hdi duge thiét ké dua trén duodng cong cosin. O khoang
gita thanh dan hdi nay, c6 mot doan dugc thiét ké véi bé ngang to hon gitip né déng vai trd nhur
mot thanh ctirng khong bién dang di co cAu duoc tac dong, dau con loai cua thanh cosin nay duogc
lién két voi thanh chuyén dong cua kep gip micro. Phuong trinh dudng cong cosin dugc ing dung
trong thiét ké bién dang thanh. Trén duong cong nay dugc chia 1am ba doan gom hai thanh dan
hoi va m¢ thanh cung. Céc thanh dan héi gitip cho co cdu chiu luc va hinh thanh nén dic tinh co
ctia co cAu mém hai vi tri ong dinh.

Thanh ciling

Thanh dan hoi
j{/
77 Thanh dan héi /

Hinh 3: K&t cau ctia co cau mém hai vi tri 6n dinh

3. PHANTICH

Bai vi sy phure tap cia qua trinh bién dang két hop vdi chi tiét c6 d6 bién dang 16n, phuong phép
phan tich phan tir hitu han dugc sir dung dé tim hleu cac tinh chat van hanh cta co cau vi mo va
dac ta cac dac tinh ctia duong cong (f-d) cta co cAu hai vi tri 6n dinh. Hinh 4 thé hién kich thudc
thiét ké ctia mé hinh. Do day cua thiét bi khoang 20pum. Toa dg Cartesian cling dugc thé hién trong
hinh. Piéu kién bién duoc dua vao & cac dau cudi cia thiét bi. Khoang cach hudng y thé hién tai
thanh truyén. Hinh 5 12 mo hinh chia ludi cta thiét bi. Trong phén tich, vat liéu cua thiét bi 1a
silicon. Béi vi d6 co dan tuyén tinh va mé hinh dang huéng, Modun dan héi E 1a 150GPa, va ti sb
Poisson dugc léy 12 0.28. Phian mém tinh todn phém tr hitu han ABAQUS dugc tng dung dé thuc
hién cong viéc tinh toan véi céc diéu khién bién duoc thé hién & hinh 3.
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Hinh 4. Kich thuéc thiét ké cua dung cu kep.

Pudng cong f-d cia thiét bi dya trén sy phan tich phan tir hiru han duoc thé hién trong hinh 2. Khi
khoéang dich chuyén cua khoang khong gian trong luwong ting 1én tir vi tri trang thai tinh dau tién
(diém a) dén vi tri trang thai tinh th hai (diém b), luc tang ban dau, dén gia tri cuc dai, sau dé
giam vé 0, khi ma vi tri trang thai khong can bang. Khi khoang dich chuyén ting xa hon, luc ting,
dat gi4 tri nho nhat ciia né, sau d6 tang lai va dén 0, vi tri tinh thi hai tai 33 pm, diém b. Ung suét
16n nhat trong thiét bi trong khi khoang cach dich chuyén ctia thiét bi dya trén tinh toan phan tir
hitu han 1a 1.15 GPa. Gia tri cuc dai cia ting sudt nho hon nhiéu so vdi d6 bén udn ctia mot tinh

thé pha 18 silicon thuén tay, 7Gpa [10].
¥
X
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Hinh 5. Chia lu6i danh cho phan tich phan tir hitu han va phlong to phan va cham
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Hinh 6 trinh bay md phong cua thiét bi khi khong bién dang va bién dang khi sir dung phan mém
ABAQUS. Hinh 6(a) thé hién vi tri ban ddu cta dung cu 'kep va hinh 6(b) trinh bay qua trinh thiét
bi hoat dong cua thiét bi khi chiu luc, luc nay thanh chuyén dong di xudng va kéo hai dau kep dong
lai dé giir mau vét. Hinh 6(c) trinh bay hoat dong gilr chat mau vét cua thlet bi, tai vi tri nay, do
dac tinh cua co c4u hai vi tri n dinh, co c4u dat vi tri 6n dinh th{r hai, co cdu kep chit mau vat ma
khéng can dén bat ky mot ngoai luc ndo tic dong vao. Hinh 6(d) thé hién qua trinh tha mau vét,
khi tic dong mot luc vao nguoc lai véi qua trinh kep, thanh chuyén dong di 1én ddng thoi hai dau
kep mé ra dé tha mau vit va qua trinh dao dong ciing bat dau dé tha cac mau vat c6 tinh két dinh
ra khoi thiét bi. Khao sat qua trinh rung dong cua thiét bi dugc thé hién chi tiét ¢ hinh 7.

Hinh 7 trinh bay nghién ctru vé dép ing dao dong ciia dau kep. Trong qué trinh tha mau vat, thanh
chuyén dong va cham véi phan dau kep. Qué trinh dao dong & dau kep bat dau xay ra. Qud trinh
dao dong chi kéo dai 0.08 gidy, v6i dao dong 16n nhat theo phuong y 1a 1 um va dao dong theo
phuong x 16n nhat 1a 2 um. Khi va cham, dao dong dat dinh 16n nhét trong khoang thdi gian 0.02
gidy, sau d6 dao dong tit dan. Qua trinh ndy s& 1am mau vat di ra khoi dau kep.
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Hinh 6. M6 phong hoat dong cua dung cu kep

Su tac dong rung can 1én hon luc két dinh gitra vét thé vi mo va céc lién két tac dong cudi nham
théa man co ciu bung ra. Mau vat tach ra khoi dau kep ra su dao dong 1én xuéng v&i tan s nhanh.
Pay 13 qué trinh tha thy dong. Do dinh c6 anh huong dén qua trinh tach roi vat thé va dau kep.
Mot mé hinh dé danh gia lyc ma sat tinh can dugc xem xét dé thuan tién viée thiét ké tay kep vi
mo. Bén canh dé, do c¢6 su va cham gifta cac két cau nén can khao sat thém tinh bén cua cac co
céu dé tranh sy hu hong cua thiét bi cling nhu danh gia duoc kich thude ti da ciia cac mau vat ma
kep co thé gap duoc. Can c6 cac thuc nghiém trong twong lai dé danh gia sw hiéu qua cua phuong
phap dugc trinh bay co cdu tu dong bung ra.
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Hinh 7. Pép tmg dao dong cia diu kep.

4. KETLUAN

Bai bao trinh bay thiét ké cua dung cu kep micro véi hoat dong kep va tha tu dong ddi véi vat thé
nho da dugc phat trién. Viéc giit vét thé khong can ngoai luc do chinh lwc nén cua co ciu khi bi
bién dang tao ra gitip cho co cdu giit vét thé & trang thai can bang thir hai. Ung dung dao dong gay
ra boi sy va cham gitra thanh chuyén dong va dau kep gitp vat thé dinh trén dau kep dwoc tha ra
ngoai. Qua trinh gap va tha van can ngoai lyc, qua trinh gitr va tach vt thé ¢6 d6 dinh thi khong
can dén ngoai lyc, gitp tiét kiém nang lugng, dic biét khi ing dung trong thé gidi micro. Thiét bi
nay co tinh (mg dung cao trong linh vuc y sinh, phuc vu qua trinh gap va tha cac té bao c6 do dinh
cao. Tuy nhién, thiét bi ciing can cac thyc nghiém dé ching minh tinh hiéu qué ciing nhu khéo sat
thém cac yéu td anh huong dén qua trinh hoat dong ciia thiét bi.

REFERENCES
[1] K. Kim, X. Liu, Y. Zhang and Y. Sun, “Nanonewton Force-Controlled Manipulation of Biological Cells Using

a Monolithic MEMS Microgripper with Two-Axis Force Feedback,” Journal Micromech. Microeng., vol. 18,
055013, 2008.

[2] B. K. Chen, Y. Zhang, and Y. Sun, “Autonomous release of microbjects using a MEMS microgripper to
overcome adhesion forces,* Journal of Microelectromechanical Systems, vol. 2, pp. 652-659, 2009.

[3] F. Arai, D. Andou and T. Fukuda, “Adhesion Forces Reduction for Micro Manipulation Based on Micro
Physics,” IEEE Conference, San Diego, CA, pp. 354- 359, 1996.

© 2020 Trudong Pai hoc Cong nghiép Thanh phé HO Chi Minh



56 NGHIEN CUU VA THIET KE DUNG CU KEP MICRO VOI CO CHE THA VAT THE CO PO DINH
SU DUNG RUNG DONG

[4] T. Chen, Li. Chen, L. Sun, W. Rong and Q. Yang, “Micro Manipulation based on Adhesion Control with
Compound Vibration,” Proc. of the International Conference on Intelligent Robots and Systems, Taipei, Taiwan,
2010.

[5] H. Demaghsi, H. Mirzajani and H. B. Ghavifekr, “Design and simulation of a novel metallic microgripper using
vibration to release nano objects actively” Journal of Microsystem Technologies, vol. 20, pp. 65-72, 2014.

[6] Y.Fangand X. Tan, “A Dynamic JKR Model with Application to Vibrational Release in Micromanipulation,”
International Conference on Intelligent Robots and Systems, Beijing, China, 2006.

[71 H.Zhang, J. Sun, and J. Zhao, Compliant Bistable Gripper for Aerial Perching and Grasping, 2019 International
Conference on Robotics and Automation (ICRA), 2019.

[8] M. Lofroth and E. Avci, Development of a Novel Modular Compliant Gripper for Manipulation of Micro Objects,
Micromachines, 2019.

[91 T.A.Nguyen, D.A. Wang, A Gripper Based on a Compliant Bitable Mechanism for Gripping and Active Release
of Objects, Manipulation, Automation and Robotics at Small Scales (MARSS), 2016.

[10] R. Zhang, J. Chu, H. Wang and Z. Chen, “A multipurpose electrothermal microgripper for biological micro-
manipulation,” Microsyst. Technol., vol. 19, pp. 89-97, 2012.

Ngay nhdn bai:03/04/2020
Ngay chdp nhdn ding: 24/07/2020

© 2020 Trudong Pai hoc Cong nghiép Thanh phd HO Chi Minh



