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Abstract: Pretreatment microfluidic chip and instrument for aerospace medicine were designed and de-
veloped based on microfluidics technology to realize astronauts’ body fluids (saliva, urine, blood, etc)
medical assay in microgravity environment. The chips integrated with micropumps and microvalves,
can automatically implement total pretreatment processes including sample introduction, different
kinds of pretreatments and sample delivering out through the instrument operation. At the same time,
the chips integrated a degassing function, assuring that it can be suitable to deal with the body fluids
with bubbles and be used in microgravity environment. The pretreatment instrument consists of driv-
ing mechanisms of micropumps and microvalves and a detection module of liquid level, so it can be uti-
lizable for different pretreatments without any pipe and electric connection, letting replace chips easi-
ly. All mechanical analyses in aerospace environment for instrument were conducted by finite elements

simulation software, including modal analysis, overload analysis of accelerated speed, sinusoid scan a-
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nalysis and random vibration analysis to obtain stress distribution of mechanical structure of pretreat-
ment instrument in different load conditions. The results indicate that maximal stress value was
57.37 MPa, satisfying the strength requirement of space environment. Finally, pretreatment experi-

ment was conducted based on mixed pretreatment chip of degassing mode to indicate good effect of de-

gassing and mix of chip in the result.
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(a) Working principle of ring micropump
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(b)Cross section of steel ball pressing on microchannel
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(c) Structure for fixing the balls
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(d) Drive structure of micropump
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Fig. 1 Micropump drive principle and structure sche-

matic
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(a) Instrument appearance photo
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Bl 2 AR K 25 K A R

Fig. 2 Instrument appearance photo and instrument

layout schematic

3 HFHAEMN

FUL IR L v 5 AN A B A RE S 7R 2 A S i AR
18 7 2 80 38, A S XL R ) 2 R 85 ZR R R L
H Hyperworks #7181, F| il MSC. Nastran i#f
T30 Mt B8, 32 B A 5 B2 43 B L R 5 4 0y
B IR SZ A9 0 B K BEALIR 3h o0 A, IR R AT T 4
R
3.1 ENARTERBMET

K Altair 22 A1) Hyperworks 2 57 3 H1L )
A MRITHE AL, FIH] Hypermesh #EAT A% 2 43, 78
KBS K AE WS ) 43 85 4R X T 3F OC B E AL 5 A



2086 e RS TR 4 25 %
AE A2 < 7 J5 U A DRI g 2 B R 5 S PR A I ®1 ENBNSHER
S BHJE Ry 2L nl FaE T i fk . B Tab.1 Results of static analysis for whole machine

T F2 BR F S TH AR A% AR R4 T 250039 AN
J5.706618 BTG, BEHLANFE K A BEAE K 1R A R
YR8 A 4 2A12 ENRI L AR R Bl FRA, AR
SCAR I S B 2 L 1% O, >R A bolt K rigid BT ##
N7 B T A ol kL R RS T AR 6 A BRAET L
£ 6 A7 miy A T
3.2 WEESW

BT B 7E TR RGNS S
B, SRy 1 4R 2l R 2 BT PR A L RS
S5 KE) 1) AT 0005 S AR Y L 25 R AR B 1) R N
BHIT U E , 5 HAl 5T 6. AL AL 5 B

25 3 CE I UL A HL MO BT

() IR BIHUI RS (66 Hz) () FRIRSHHIA ERAZ (114 Ho)
(a) Primary modal of valve (b) Primary modal of
driving structure (66 Hz) pump driving

structure (114 Hz)

(o) B FEHRIA (87 Ho)
(¢)Primary modal of main (d) Primary modal of case
(161 Hz

&3 IR
Fig. 3 Modal pattern diagrams

(DFRFEFELE 61 Ha)

support structure (87 Hz)

3.3 BNASW
e B iz 3K R R T AR L AR AL T A
A0 P RBT SRS T AT S B n
%UJ?E XY Z =A D5 ¥tin 7. 5g 09 #oa , i
NI EE RS W R 10 1 = B S LK 4 CE El

T T RO .

B [ DR FNVESS FNIP]
Jrim SRR/ () K J)/MPa
X 0.51 28.35
Y 1.12 57.37
z 1.21 53.90

01
&—1.260E+01

9. 450E+00
=—6.300E+00
——3.150E+00

Min = 6.213E-17
Grids 849613

(a) X F

(a) X direction

lo ull
Max =5 ?3?E+OI
Grids 474957
Min = 2.030E-16
Grids BE0558

(b) Y J7i
(b) Y direction

Max = 5 390E+01
Grids 698954
Min = 3 047E-16
Grids 559837

(e) ZJ7m
(¢) Z direction
K4 XYZ 345 il B T sE B g T e pL )y = &
Fig. 4  Stress distributions caused by acceleration

loaded in X,Y, Z directions



5 8 ]

I B, A5 T i) 0 K 2~ I P ) 4 T 0 Ak BELASCAUT 2087

3.4 EZHEMAWN

HT T IR e K A -1 L O 1) 1 5 IR 3 K T
12 fi e 1) A5 D 2R 2 5 | R0 ofE ] 40 0 3l L X AR TR
i i 1F 52 PR sl i g A7 B G AR A UL 2.

®2 EZREMKERHE

Tab. 2 Test conditions of sine sweep vibration
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Tab. 3 Response analysis results of sine sweep vibration
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Tab. 4 Test conditions of random vibration
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