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Design of collision protection system of handling
robot for microfluidic chip

LIU Chong'?,LIANG Yong',LI Jing-min',LIU Jun-shan', WANG Xiao-dong'**

(1. Key Laboratory for Micro/ Nano Technology and System of Liaoning Province,
Dalian 116023 ,China; 2. Key Laboratory for Precision and Non-traditional Machining Technology
of the Ministry of Education , Dalian University of Technology , Dalian 116023, China)

Abstract: To ensure safety for a handling robot used in polymer microfluidic chip, a reliability design
was presented by researching the collision protection between handling robot and objects around. A
collision protection system mainly based on a relay and a electromagnetic brake was designed to distin-
guish collision signal and to complete protection for handling robot immediately. The position preci-
sion of the handling robot caused by the collision protection system was calculated and analyzed. The
experimental results indicate that the inertial displacement can be controlled to less than 1 mm and the
collision protection system has no affect on position precision. These results means that designed sys-
tem is beneficial to reliability and automation of the microfluidic chip automated fabrication system.
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Fig. 1 Automatic fabrication system and microfluid-

ic chip sample
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Fig. 2 Model of handling robot for microfluidic chip
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Fig. 3 Control circuit of collision protection equip-

ment for handling robot

EEEES S5 30

i 45 8 R AR LA AN X ik i Y e 56
PARKER 7% ml f K5 % H 2 iz g H oo, in &l 4
JI7R . K 5% 18 ) 5 00 R TN % OHE VR PR 2 AL A%
g AL AR s 80 Y6 TE B /N I A% B 41 A 1
TR DME S AR R B HE S . HME RS AR S B AT
1750 mm, 3 10 mm/r, & K E 350 pm,
X ARG 5.0 pm, WK 2241 B 42 25 mm,
R PE 130 mm/s. fEIZM %z dh oo TR Ik
22 K1 — S 5 L UL Al IR H ML 5 L O — i B 3 P T
18 - 5 N TR 0 1 T I ) Bl . PRI TS
Wiy iz Bl 15 VR 25 0 O |32 1 5 A SOR T B e R
ol o A o) ) 0 iR RE B T 5 A% Bl 22 FTOR S K 4
VL7 e Fi i ) gl i 10 2 3

El

i s s

BEIRE NP
-” R B R (&
7 )

B4 K8 H 0B 3 BT 5L B I B A A 18]
Fig. 4 Picture of actual object and inside structure of

precision beeline movement machine
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robot for microfluidic chip
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Fig. 7 Picture of handling robot for microfluidic chip

RIS AR A R AR R AEVLAS AN B LT B
W X Sz sh B0 & 1.8 )5 1848 sh 20 &
2, Ko 0 2 il 18 A AE I AL S O KT F 96 v 1) 3 45

Bl
r——FHlzh
[~ JCi ) /_/ /

‘N/' L .‘\Y/-
ABC ABC ABC

v=80 mm/s v=110 mm/s v=130 mm/s

Pl 8 A i 2 R TG B A B0 T B AL B B X L

Fig. 8 Comparison of inertial displacement with and

HNW&KI\O\\IOO

Inertial displacement/mm

without brakes

8 5 O A RS 5 T DA S I I 7 T H I AL 2
NAE X Bl 2 5k AR bR 5 5 02 8 1 59 AR bR
AR P A DB LB PP 7 2 T ) B 5 ) RS



o1 Xl

s S5 RO A SR AR DL RIS DR R B R BT 143

BRI HE A LR DT F JS AL N SR TS
TE1) P4 B 5 ) B A B ) 22 1 B Ay 0 X ) A
Ao I T o S A o R 2R T 0 HE SR PR B
AE DN 5 DX JE] BLC PN A8 5 1 i o o 8% o L 0 4t 4
W 1 i,

x1 SRBENSEAMEKREE
Tab.1 Collision experiment data of handling robot

for microfluidic chip

DL A H B (mm/s) v=80 v=110 v=130
& A i 2l z & = & & i
YA [ WEXEA 0.4 4 0.7 55 0.8 5
BE | WEXEB 0.3 35 05 65 0.5 6
(mm) | WHEXFEC 0.6 4 0.7 7 0.8 8
Xifi | fB1 —45 —45 —45 —45  —45  —45
WER | P2 —473 —473 —473 —473 —473 —4T3
BARRR | BB —867 —867 —867 —867 —867 —867
(mm) | PB4 —1329 —1329 —1329 —1329 —1329 —1329

il Sh FUAS 1 3h 5 A O T L AL RS AR
AL AL R FE LR A1 8 BT L T RLE R T
WETI BTG B0 T S B AE BIL & N A5 1 i ol 2 A%
BEA T LBl A B8 G BE A 14 n i 38 KL A o=
130 mm/s B, ZE M & X (0] B P& ik 8 mm; 76 H
P ) 20 A1 0 T 5 45 1 BIL R N 0 A I ol
BN AAEPLES ANBERT o A2 AL 1 mm,
AW HAR. MRHER 1 PR LRE . X #l 4
AR T R 28 X8 7 5 AL AR (B 28 0 22 YAl 48 S 5 I
B A AR A, 5 il 52 06 BT 4R AR LGS AR 20y
A Ul BIAL a8 A TE 40 09 1 3 2 o el T 22 AL A
AT 51 AT AR T S AR 0N 12 lf 4R O 4 0
BRAEDLAS N E DR FE 1 5% 0 v] LA Z 0

FARREOLT % T W — A % iz 3 F & R A
X [a] AB AT C N, A — 3R HLAS 6l
W HL S 18 T B A B e I 3% 2 AH A5 I SR T AN
8 FIFE L LR EAMHEN., 2 ERE LR

S E k-

(1] F&#. #oRiss s M dtat: Bhas et
2003.
FANG ZH L. Microfluildic Chip [M]. Beijing:
Science Press, 2003. (in Chinese)

(2] F, 2k, #il, & DREELEY COP %

FAF BT AT 32 0] 2 ol T RS % A RO ) i 22
FPLas N X Wi Hiz v 6 A Ss st Jr
T A S5 R BO™ AR Y

(DA G Sk W 8 Figk 1l LI
T 3 R BE 45 1F R L & M X (R AB F1C N R HT
PRSI RS AR /N, ¥ <<1 mm, 5 AT L Z W L
ar N A Briz sl Ik RE /Y 52 R 5 45 I X 2 JE) FY i
PRSP L i B K 22 (H 43 02 0. 3 mm,0. 2 mm,
0.3 mm, [ #4 R /R B4 0.5 mm, 7EIR % 7
VEIE B A S DRI A8 1 L A% i A 22 ) R
YRR R 22 5 R Y

(2) JoAtL ) 6 Sl g, IR 8 A 1 Al LA i
TE 3 s B2 25 F T L & X E] ALB AT C P Y HiT
iR RS T A N <S5 o e L5 el TS TR
PEAL#S i fx R 22 fH 20 % & 0. 5 mm, 1. 5 mm,
3 mm, BT WS AL AR ATEBAT TS LA Y
HOLT . X MRz sl F 6 A S atEiEr AR
JE o 3K R]RULE DLAE 0 AL 08 T P s g sk b
.

AR SC IR N 114 22 42T g A BE U R L B X
O R BRAE B A AE BRROR 1208 A A Sh Ak il i &
G AT E 19 Rl F8E IR 7 R G AL A A% ] SR s AN
AZ I ETEE T L B T — B R AR P AR A AL fR 4
PR IFE N T xRy R BN 3T R
TEPIRTRE R RE W . SE B I R T AR R R AR AL
i N 55 G0 F BRI R 48 I 2 R B 20 L T R 40 1) 2
R TG HAT 280 T 45 B AT AL FS AE 1 mm LAPY
TR AR . B AR ML A Al $3E £ 2
BAR S TR A S i R G L ] i
PEAVE ALK, A B T 52 BUGIOR #2288 A2 7 1Y
AL AL

Frm AR ER &) . 2% HE T4, 2007,15
(7):1090-1095.

LUO Y, WANG X D, YANG F,er al.. Variable
temperature quasiZcreep experiment for fabrication
of microfluidic chip using Cyclo2olef in Polymer (
COP) [J]. Opt. Precision Eng., 2007,15(7);
1090-1095. (in Chinese)



144

Pl

K% T

17T &

(3]

(4]

(5]

(6]

1E& &

EweR, Mo, 2. ARG YRS AE W
P B 5o B L) ], 7 B ALK T 42, 2005,16
(14) :1229-1232.

WANG X D, LIU CH, WANG L D. Development
of hot-embossing machines for fabrication of poly-
mer microstructures [ J]. China Mechanical Engi-
neering ,2005,16(14) :1229-1232. (in Chinese)
LIJ M, LIU C, QIAO H C, et al.. Hot emboss-
apoly ( ethylene terephthalate )
(PET) microfluidic chip [J]. Jowrnal of Microme-
chanics and Microengineering :2008(18) :1-10.

R Ab k4. T 0] Tl B @ N B 48 B9 = b AT 5 G
BRI O [T]. k% 4% T 42,2002,10(2):
165-170.

CHEN W. ZHONG J. Research on three reliability
distribution methods of an industrial robot system
[J]. Opt. Precision Eng. ,2002,10(2);:165-170.
(in Chinese)

T AR P 4. TR TR LA 5 o B R R E AL
REWEEMRARE T EII]L A% hE 2,

ing/bonding of

I

X (1963 — )L B WAL AL T
WA HR AT, EENE
LA T A A LR 5 . E-
mail: chongl@dlut. edu. cn.

£ OBA9S2— )T KR E AL
LWL EENF RO S R
B H BRI L2, E
mail : liangyong1115@ yahoo. com. cn.

T A, EE N E RO R AR
E-mail:jingminl@163. com

L7]

(8]

(9]

2007,15(8) :1254-1256.

CHEN W, ZHONG J. Optimum reliability distri-
bution of precise conveying robot system based on
precision and cost controls [J]. Opt. Precision
Eng. . 2007, 15(8):1254-1256. (in Chinese)
. BB T BEAURE S Ry it (2 O[T
AL AR, 1994(11) :49-52,

DAT SH. Lecture 2 Feed system design of CNC
(section 2)[J]. Manufacturing Technology & Ma-
chine Tool ,1994,11:49-52. (in Chinese)

B U BEENURE S R ot (2 =) [T,
H AL AR ,1994(12) :46-50.

DAI SH. Lecture 2 Feed system design of CNC
(section 3)[J]. Manufacturing Technology & Ma-
chine Tool ,1994(12) :46-50. (in Chinese)

KR . AR R T (B R R B (M. bt
A2 Tl s it

CHENG D X. Mechanical Design Handbook (Axis
and Connection) [ M]. Beijing: Chemical Industry
(in Chinese)

Press.

XIZE W (1975— ). B L FR#EAN. T
P RIS B, EEMNFE ML R
GEAI O o R AR R DF 5T, E-

mail; liujs@dlut. edu. cn.

AL R R . £
BB B4 R R BT 5E. E

mail : xdwang@dlut. edu. cn.



