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Microfluidic chips have become a critical component in advanced applications such as biochemical analysis, medical
diagnostics, drug development, and environmental monitoring because of their ability to precisely control fluid flow at the
microscale. The functionality of these chips is highly dependent on the precision and dimensional stability of microchannel
structures formed on them. While injection molding is an efficient method for a mass production of microfluidic chips, it is
required to minimize undesirable deformation due to thermal and mechanical stresses, which can degrade the overall
performance. This study investigated global (Macro-scale) and local (Micro-scale) deformation behaviors of injection-molded
microfluidic chips. Effects of processing parameters, including mold temperature, melt temperature, filling time, and packing
pressure, were investigated. The Taguchi-based design of experiments approach was employed to systematically analyze
these effects and to determine optimal conditions to minimize deformation.
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2t} Chu 52 o=E E-(In-mold Bonding) FAolA E1}
IeoE washs lola A MRS Agelel, Ui LE
slo] QAT ARSUS AanF|n T2

ol BAl FES FNE ¢ S-S Hasklei12]. E3,
Attia 52 v|A| AEAIE (Micro-injection Molding) ol 4] =)
stol A3 42 50 10 Y BAS AU 9
5 AlEdo|dat Aele Haste] Ak 2k, 4, ¥4 =4
= FAHgbels WS AdSAT13]. olHF dAEe 34
WA e AolE f1g 483 dolE g Agsiglot, W
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Fig. 1 Microfluidic chip manufactured by injection molding

<,

N

S —-

'
we -

Fig. 2 3D model and dimensions of the microfluidic chip
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Fig. 3 Mesh convergence test using switch-over pressure
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Table 1 Injection molding processing parameters and their level

Processing parameter Level
Symbol Description 1 2 3
A Filling time [s] 0.1 0.3 0.5
B Mold temperature [°C] 70 95 120
C Melt temperature [°C] 280 300 320
D Packing pressure [%] 100 150 200
‘ . - Packing time [s] 6
T - Cooling time [s] 15

Fig. 4 Finite element model of the microfluidic chip

Table 2 Lo(3*) orthogonal array table and switch-over pressure

o83l AFE nigto g AA AT Arte] AFAS 11y Run Result Processing parameter
slo] W3] 2712 0.30 mmz % xgs}gau}. Ps[MPa] A[s] B[’C] C[°C] D][MPa]
22202, Fig. 49} 72 HH(Node) 4= 8928671, 94 1 22412 0.1 70 280 22412
(Element) <= 474972702 1A4E 33 $3tas moe 1 2 16.378 0.1 95 300 24.567
shelct. E3E, Alo|E Qdatel] fIAIRE 83719 ARl AlE =4 3 12.053 0.1 120 320 24.106
= AAsto] AulE W /-5 siAe FAda HedS ok 4 9.398 0.3 70 300 18.796
SFAT. 5 6.490 0.3 95 320 6.490
6 12.883 0.3 120 280 19.325
2.3 5d U 23 7 4822 0.5 70 320 7233
2 Aol uAlRAl o) AEAdE FAT B4 I 8 10.460 05 95 280 20.920
= TR e 3 HeE S AL 39 2R, 88 25, 9 6.661 0.5 120 300 6661
HQF Qb= (Packing Pressure)S A1A51% 2, Table 13} ZHo| 4
f%l 3529 ¥4 HERE 5o
4 AIZHA)S] H9l= AF F40 vlA= 9FE Leste] ARSEE Lo(3Y) Fusjdus ggste] 34 21 23S 44
0.1-0.5 s= A4ttt 5% 2=B)%} &5 2=(Cx= Aol akal, AR AlETolAS #'35}‘214
A 7Hg%h Mg ZE7tEY0|E A9 E Y 2= MYE HOF M A= (Ps) AR 2ol S50l 99%el E
17}

F 70-120°C, 280-320°C2 AAalich. Wt oFd  li AJHe] AW 24 whelA K9t TR ABEL a7t

D) T4 ¥ 2ol vioh W A Al A A2 ) AT el G A2, BED L), €8S
Bl Hop Bk e A, BO AR S |OR  SE)E WeE A4 LGY AmIUS N0E 55 o
= Wl 7ol 100-200%2 AAsHSict. A Aeetglon, 2ok M gkelo] Wl 4.822-22412
S 3 W4 3 A Pacing Tine)e] A9 /1% o MPa eyt H32002, 290 690 98 el v
& Foto] WOt Aol 65 oY A W Meh WS B A4 MYk BAFE WS DAY U)E AE}AO
OFeS SISkt webA] £ iAol MOk AKKS 62 3w, Table 29 FAWS 2T olF QWD WY sl B
3. Wt AZH(Cooling Time)o] 39 Hwe] Wz A28 gt
o glore, JHgHRl 15 58 $AIste] sl4e Aasiart. AR we) £2) A FUF FHRANN G4 Q3
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Maximum Deformation Point ‘L#x

Fig. 5 Global (Macro-scale) deformation measurement location

kN
a

Micro-channel

B D

Fig. 6 Square section edge points of microchannel
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. 8 Changes in Y and Z coordinates at 8 measurement points
before and after deformation
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gofol vlo|zz Ajde] Hug At

ey = (( VBefarei VAﬁer)/VBefore) x 100 % (3)
Vasier = Vizss T Vazagt Vazset Vaass t Vaszg + Visgs (4

Viefore = A1ByxA,Cy x 443 )

B WY E(ey ) ARESE a4 W] el HES 99,
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Fig. 10 Comparison of shrinkage deformation in X, Y, Z directions
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Table 3 Simulation results of global deformation

Processing parameter Response value

Global
deformation
[mm]

0.1533
0.1557
0.1577
0.1576
0.1702
0.1514
0.1683
0.1506
0.1642
0.1387

Run

>

B C

w)

|| N || R W=

— W W W[ N [N =] =] -
W WIN[ =W —=]W|[N|—
—_ N = W= W[ N W N -
W= W | N[N =W W| | ==

Optimum

0.1700

0.1656

0.1612 4
- //

0.1524 4

Mean of Global Deformation (mm)

0.1480 T T T T T T T T T T T T
Processing Parameter Level

Fig. 11 Main effects plot for global deformation

3.1.2 B sitM Ant

Table 3¢] 71/\17‘4 HE AlEdold An, FHd WHEge
0.1702 mm, Z4 HE-2 0.1506 mm=Z SRAE I} o] & vg
o7 WMye Ao g} 2ol Fe) 2 W 2T w56
7] Y&l ohtA] v o] AXjol| we} a9} E (Main Effect Plot)
BT BARAS Qasiglon, 24 B4 W) Jat 7]
=8 kst

Fig. 119] F=ay= 24 4y}, CE5 2=yt 7H & 9%
n A Wz UEien, I FHE olo] DY oE), A
AlZh), BEE 2%) o0& §gof u|x= JFfeo] & AL
MRS

&8 220 AR 3H0A A9 f5dT S &
=5 AHsk= 7MY 8% 84 F SR, 11 Hstof et A

Fo #EEY W S9o] A depiohal deA ok &5
2o o] Y #i—. %?%‘01 i ’Eﬂﬂ S Hylow, o

© &8 27 WE A, AV 9% WielA mEA i
sto] 5 Alxto] R‘:P%ﬂi - &Eo] HdsHA FAE e ¥
ol AA=7] o= sjMEt. 1 8§ =7 AU
A dod S £ 5 2AVE T 4 gloeng, wy F
43} 9I3) A4 e= 2do| Basit

N
o

HU
1o

>

£



386 / May 2025

Table 4 Response table for global deformation

Level A B C D
1 0.1556 0.1597 0.1518 0.1626
2 0.1597 0.1588 0.1592 0.1585
3 0.1610 0.1578 0.1654 0.1553
Delta 0.0055 0.0020 0.0136 0.0073
Rank 3 4 1 2
SS (E-2) 0.0049 0.0006 0.0279 0.0080
Contribution [%] 11.84 1.45 67.39 19.32
HeF (D) S7HerS #go] Fadhe A 2ol
ol Hef el 255 FAIZF 59 HHo| B% AsiA ¢
ZhE|o] o] B o AA|E7| oz sAEH. V&
Aol A Het o] E5EY Af, Al vt +YsH
FAEA] ol ARl =5o] WS, o] = Qlsf A& ¥
Fo| S7Feh= Aol Harg vp UeH17]. ohel, b ¢hEo]
WA oA Wi S3o] Frlste] 3] AlEe] F3
of A = v 4 Jler=, 29 Het ¢he e
= dHst= Aol Fasith
ST AHARS 2 oA HFo] fash= Ao 2
o, o= A&7t 53 WollA 35 AlRte] EojsA Wi

gelol uthRd BEvt getey) oz usct, v,
F4 Azro] Aol d B9 44| BFo| BRANAL, B F
SlollA] st gelo] WAlste] Al X4 AUET} A5t
% qleka Wag vt QIeHIg). T $ Aol U Ao
FAlo] RSP oloiA AE We] Agte] WA FHe
Aol glomz, 4 ARk 2 A5 Agsjok gk,

T LRGP S FEUSE Wo] sk A4S 1

oL, e 3 WS HnRe o) Wyl njE g
FHAOR Aech ol 3 St UY 4F olHoR A4
i W2t ) JX@H“&H % o4 wah w3k Aef]

=

Ao Qi) 42 wao] SokaT, o1 £ ool
W 774 Ak Askck 2 ek gek19]

ALY ATKTable 4] w2, 8§ Lmb s|oj=r}
67.39%% 713 AujAel WS vlAL WeE SRIET. B

orelo] 7lojm= 19.32%2, WHE 23l glo] Fo3H W
qgs sh= Aer yehylth 3 AR 7lol=rt
4%, Hot O]—E:LJ Zdk 1454 JoFS u]wh:} HL]—D:I =3
7147t 1.45%0) EaFste] AAA HE Asol ALY
H| 22| oh= Ao SISl o3t 74 AXE vt
2 AANA HYE Fadlels A ¥ ¥ 2

1-B3-C1-D32o.& EgE] ot g 23 715— z7] A
;‘T&f}f}&]x] oro 2% War 23to 2 WEHFS 0.1387 mmE Lt
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Fig. 12 Deformation behavior of microchannel cross-section at 8
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Table 5 Total volume and volumetric deformation rate of microchannel Table 6 Response table for volumetric deformation rate of micro-
Run Total Voiume Volumetric deformation channel
[mm”] [%] Level A B C D
1 0.13751 2.4740 1 2.441 2.487 2452 2.569
2 0.13763 2.3898 2 2.491 2.509 2.510 2.402
3 0.13753 2.4606 3 2.540 2.477 2.511 2.504
4 0.13745 2.5193 Delta 0.099 0.032 0.060 0.164
5 0.13733 2.6049 Rank 2 4 3 1
6 0.13769 2.3492 SS (E-2) 1.4699 0.1573 0.6991 4.1200
7 0.13752 2.4684 Contribution [%] 22.80 2.44 10.84 63.91
8 0.13743 2.5316
9 0.13730 2.6213
Optimum 0.13785 22332  AfolE HolA] g=th.
HeF dold s 712717F WA At H oA STk, 5

26000 b oA Mol 7P WA Uehve el dEE. o

T T T T T T T T T T T T
Al A2 A3 Bl B2 B3 C1 C2 C3 D1 D2 D3

2.5500 -

2.5000 -

24500 ../
5% 3739 FUHol A 7hs Aol Atk olejdt A F
A3 W 9lel o) LeRgs ZRsAe] glout, utola

A WP ALSL] AL B Y AL A

2.4000

Mean of Volumetric Deformation Ratio (%)

.J
g

=TS
=

ke
Processing Parameter Level =0° =o=

Table 62] 4] Aol mb2r, ujA]2] Wy 7P 2 FF=
L

Fig. 13 Main effects plot for volumetric deformation rate of micro- _
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Table 7 Residual stress (Mises-hencky stress) simulation results

Mises-hencky

Type Parameter combination stress [MPa]
Reference A2 B2 C2 D2 12.790
Global Al B3 Cl D3 9.798
Local Al B3 Cl D2 9.230

..

Fig. 14 Residual stress distribution under reference condition
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