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Abstract

In this study, Causes & Effects Diagram was applied to find out the key factors that affect the quality
characteristics of the gurley and the thickness of the membrane in the middle of the manufacturing process of
lithium battery separator. Moreover, Central Composite Design (CCD), one method of Response Surface
Methodology (RSM), was employed to optimize the process parameters in order to improve the production yield
and lower the cost. The results showed that the average of membrane gurley (in second) is improved from 10.8s
to 9.27s, where its target is 9s, and that its standard deviation is reduced from 0.66s to 0.56s. The average of
membrane thickness (in pm) is improved from 20.43 pm to 20.02 um, with the target of 20 pm, while its standard
deviation is also shrank from 0.18 um to 0.12 pum.

Keywords: Lithium Battery, Lithium Battery Separators, Causes & Effects Diagram, Response Surface
Methodology, Central Composite Design

Received: Sep. 23, 2017; first revised: Mar. 5, 2018; accepted: March, 2018.
Corresponding author: P.-S. Wang, Department of Industrial Management and Information, Southern Taiwan University of Science and
Technology, Tainan 71005, Taiwan.



THEARE - FEEER T REREE 453 45 2 /) 2018 459 A 10—23 11
393

W= $HL R P RO REVREN T BE AR > SR BRI SRR e A U P 2 S8 B 7 SR PR
AVEESRE o B E ROl F TG RIRRERRE AR SE - AT RSl PR R s ~ SR 28 - WIS RE(EIRER IR e
FEN i AR A R ARE N

- I RaRs

WE# 3C B T A Y & SRk T A SRR A B - S REM AR TSR =
ThE ~ fEERER A~ MRS~ (RE MR FIRIRIE R S Z BN BB R TEMAES A

SR TAR AR B SRR BT - AR - SRR - ERR KRR o H PR R s e
B E BB - PR SR D RETE R PR IE Skt - [ 1 TE Bl T S 2R RS - 0 H SR e AR
o IR B 2 Bl T DAERR R _E AL B Fridid » 5 1E SR EYE R EE M A S B R - e 1 Rl
HMRIEEEAE IE SRR EIRE EhI EEEIR > AEAE B PR (s (A A -

EEDN G e e S 3 AT S AR RN N PN A TR S N et
SKEFTRAMEHEL - AT - BN E A MR SRR R fn it - AT AR FRRER SR A
NEIFTHTEE 2 PPIPE A GIRBERR - FORTELI HBURE 2 1% - JHNERE T B SR e A R L T e Z S8R
{EAAL A B - HISIERS BT RARERVERE K ARERE - Bk R AT FEEhi -

= ~B3 Bn

AU FERE S E AR 2 SR 2 BR LA - KA R E kG R EmER R
W KEHEE - S HERESE - MR EEEHAERE
(=) PR S b et 2 P B DV S T i B R P R R EE B3 T E AR I - ARBASTR
HdtE FIABRSE A\ B IR G ERE B 5T TR TR B e 2 RIS IN T - FEEFEI BRI T 21T
S EEEE -
(=) HERh st OB —E S B R BRI R E(L 5 R T RS ERERE
[EAHRA LRI > AR RA 2 B i B M R /KB A e (A BT o€

YRR
- AT 5

et L8 o WS IO AE B A IR AR B 2 [ B R 10 W o R e T 5 A A B PR 52 > [HIRER
TEEE - [Alike 2 I REIk & AR - B S TR L S R TEEa1] o RN BRAA R AR A
BT WLURH ) RRORIEIRRR ~ AR « M- A e SRS = 2] - FEsHEE T o (AR
ARSI IE IR A MR RE R BHRA - EENEERE B EE - THREE ~ WREEm LU B 7 2 TEREE
J3TH[3] -

FREERE AR B BAFRILEREN: - iRk Tt B BB P IRA(EESEN - A2 At
BRI - W FER SRR T E R T - (REEAR S A R 5 > OREF—EHIIERGRE - HIERTR
B S AR e MR A BE A 7 A R IS By H fE S5 - BRI H g S an B 1a e 2R 2 KRR 2 EIH H A
RHESHa > stERALESE - SHREEHEE - S0OR - BE - ThUREE - Z LS ARENEERE -



TMERRZF - THEZH LRI 353 452 /Y 2018 49 /7 10—23 12

e AE B LA B AR 2R S A PR e - (ELE PR 5 5 B PR b I R Bt 2z M - FE &I
a2 T - 25 pm RFRRRAVREENE - FRIL 2SN EECRIREEEE R B3 —  IREAEFINES
Ay R e

PR 2 378 SR BRI < FLIS AN ~ o3 ff e LIS B R & S Y B LR A 2 - PRI FLIR
SRR B EIMMERE T E A R GHTEE - SIS N ERIRIEREBRE S - FLE/ NGB T
W AP EHRBETEE > BRI REG RS AR AR - BE ISR - B4 BN
BIRE  RILEE 95 > SAIGHEENANMER ALY > EREES 2 EEREEBES
BT R A] AR AR $A i B R T E PR AR EGR LIRS - MRRRBE A - TP E g R
Ay B ERMMERE - PRRETMEREMERZ A R AR S B P ORF R HRE - B IE S rTRERYIB N ©

PR B AR P B 2 R BREA IR A RIERE - BRI IS =B ] DU D 8t A
B - EEAERNER - WMNEEKIRE R AR ANE R » BEE L REEEET - SR g
Ry B RARLYE T EEE SR AT B an S GBI IR B AR R & A S > IRy R P Sz P ROLR
R BRI A G el -

PR IR A — EARE R B E Y 2 ERE - Fifh T B I A 5 T Y R e A & e A
FYBIRGR I IR (R - & BB R SRR R A S Y E G TR A BRI E R - ((EEAVBIRIAES N IR
TR s 2 27 At P i (A R - A Rk PRRR AT PN BT RERS © RS IEH B (6 Y St v] RE A B R A 1
PRSI R - SREHISHRE S S R SRR S [ SR EE MG RS - BEE i T B RIE R e (T - S T
R & LIRS - IRIRAIBIRGR MR N - ERRAAE SR - R (R AV IR & &
Ry ERELA4] -

e

HrorErpkEsET (central composite design, CCD ) » iR ARTE /Y R T a2 R F5%5T > FHiN_EfhE: (axial
runs ) Kz HfaEG (center points ) i Ry — (S e B 5 - S INEiRE AR 2 B T —ZH (quadratic
terms ) BEAN AREZCH > AN B2 B T AR » th o Bl st s HIC 3 — P X B A BAF A TRIAE
HoEom s rT A BRI — 40 A BSEECH > HEAMHE — SR EREEE[5] - J7iEFE AB]FEH
FELE R R N ] BT 2K AR R AR SR E BB RN & WA M S FE A B A s T
KERE(CHESHAS - B HESSEECEASVART SRR BRI EIRE - —RB2Eid
FEpEGETEE T =EE Sy - —E 2k HFEGT GREEREGESZ Ry nf) > 2k (EshB6508E - 1 nc {008
aBe (18 1 5 k=2 F1 k=3 (A 19 H REREET) ©

x3
%3
[
@ (0, x) P
(-1, +1) {+1, +1) //
x b 1
~a, 0] ©,00 | (a, 0 ! |~
-1, -1 (+1,-1) /
e (0, —ax)
(8) k=2 X st ot (b) k=3 B 7 it

W1 k=24 k=3 & 55 e & & $K$4[7]



FMerRE - HEEER TR 953 45 2 /7 2018 479 A 10—23 13
i\ﬂ%%mﬁmwwéﬁ

TREFIEB] AR AR ( co-extrusion blowing film ) SURE Rl FARCHAA — Jci i - St Hh = e Pt -
ATFES JE E L SGE ~ AR ~ R AR « AR ERCE S =R R FLEE R ~ LR ~ 1%
PGP ~ BAEAFLME « Bt E SR SRR - B 0RGET— s  R R A LM% (PVDF) Has
oy T1E Ry K ERMIRBE AT S O (S e R B 2 B A T A R Bt 2 4 TR - Dl [10] 71
FIREERFEZ TG RALNE (PEO) SRy &R & /) T 5ERE B E A GAnE GIREERE - DUeAH
1F Ry St PR A A M T BB 2 e M - WTam OB T S -

Miranda et al. [11] A 7 {BAL3HgE T EMATMERE - 7GR IR 28 (PIfLIRREE - dhifrEm
JEIE) $EEME A RE IR 2 - Nunes-Pereira [12]#5 H B PE BERRAY 2L - AR BB (LE2 M E SZIERHFAE
By )N - ORI AL B R R A MR 2 8K > AR 2R (montmorillonite, MMT ) FyfE}
IRE S ERARLME - ZRIGHEY) P(VDF-TIFE) BAMERERAT - Ma etal. [13]/E1EAFFE 4 NI FUEE
BT O EAFMRMEER > ARIBEILERAVEPNIERE (PAN) FORMAER - HH7eBUREeipsH] Celgard PP
PREERARLE - ZABRRFEEST PAN ZORMRMERAAE Bt B ERAYERARE UL S S BV E M A S 4 Y o
{EERMERE -

FH BT SRR T A > A RSP B R S B LT M AHRANT I - EEREEHYH - (b
SRR AR T IR ST - BB BN /K AR » QLR IR (R R 2 BOR R R L St
PRBERE AR e A SR AR SR ¢ AT ZER B A T R & G HE TR S 8RB - DI EE
BpA R b A AL R

;\pi--%;;

AW TR SR R T REC TR A - BoE R R RIRRE SR b % E A E R AT
YA BFETRE - A B B A R v S IR 5 BRI A B DR T > IR S e T B B2 B 28 T
o aRE RGN TKE R ERERIT R R 2 R E IR ITE R - RRAHE
SaFE1S 2 Big iR A S R R b2 % AWTFEAVRZA0E 2 o -

e LR R W
\’ v
K F % RIS S Rl
Jo B Bcdy FEILT %

|

v

f
it
3
1%
I

W RF A 4T

W2 &=z 3iam

- EFRRET RS

EIERAF S EE N B - BREEER Ry R T E o EEl R - B A
Z Wt ELE SRR A ST E G - DU EeE T SR A A BT S PP/PE 18 S TRE 2 %2
BOA RS R E R 2 A R R R s A S R R R - 4] 3 Foms



TMERRZF - THEZH LRI 353 452 /Y 2018 49 /7 10—23 14

% A B A8 S0P
8 ¥ M8 ST iRk

OVEN &% F 4

Bk ERER

HEARIEAREE 1A 4 R

i PN L EL L
R4 15 838

LR AR

#RERE
AR

iy fefz &

LR

Y

AL i

I x ik R

B3 REHUARSFAZERSTR ¥ HILE IR

FHSERI BN T - BREEARCRERE - BHEEA SRR E N B HREARIERZ
SYATERETADHE - BRI - B R =10 S8 A S A T 81 -

= ~FE Y &2 (RSM)
AWFCHI A FE A s~ BERAE > T AT R

(- ) sz ¥+ (Factor)

H R B R P T 2 RASER + - W] ERAERH IR I A SE 07 A SR - RS2 0Eh 2 N\BEH
FHRE LARRGl T4 i R B B S A H e SR s B S N [ 14] - A FTaCim B R A am %
e = (ERASREN T RE DR (A) ~ BddURE (B) ~ BifiifEs (C)-

() FHRPPER

AR CCD thofs&patst - 5 PO EAE 7 ST i RIRT AP Bt TR B - 4%
IR R T 25 9 L BT P9 — (S - PSR RO BB IA 0 » T DA R D RS o
BT CCD HUgh#nk — Jtum[1s] -

AR FI PR SR Minitab 51t — SRR oh ok S pa s P BTBROENE - BB R Talst - st
SR L BERET S IEE S » Hoch S RSBSOS nf KR T30 - NA ZCHRBEER - ne ZH LBk
B AEERIEE 3 (HET (k=3 ) SOEBRKEG AR 8 (HE T8 - 6 (EME:ER - 6 (Hrp L858 -
f L TS » AT = AR -



TMERRZF - THEZH LRI 353 452 /Y 2018 49 /7 10—23 15

2104 ERRPLREY

HEH  EX (A) EZDRE (B) Fhir {5 (C) FfufpfER

1 -1 -1 -1
2 1 -1 -1
3 -1 1 -1

. 4 1 1 -1
5 -1 -1 1
6 1 -1 1
7 -1 1 1
8 1 1 1

HEH  EX (A) EZDRE (B) Fhir (s (C) FhufpfeR
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FACTOR
RUN A B C Y11 Y12 Y13
1 -1 -1 -1 14.32 14.54 14.37
2 1 -1 -1 13.31 12.56 12.68
3 -1 1 -1 13.52 13.11 14.13
4 1 1 -1 8.29 9.33 8.02
5 -1 -1 1 12.71 12.67 12.22
6 1 -1 1 12.91 12.73 13.26
7 -1 1 1 13.96 14.32 13.87
8 1 1 1 10.90 10.24 11.41
9 -1.68 0 0 15.73 15.57 17.19
10 1.68 0 0 11.97 11.68 12.55
11 0 -1.68 0 12.64 12.29 11.76
12 0 1.68 0 9.21 9.59 9.03
13 0 0 -1.68 12.02 12.33 11.56
14 0 0 1.68 13.08 11.80 12.06
15 0 0 0 9.79 11.10 11.11
16 0 0 0 11.37 10.14 11.56
17 0 0 0 11.08 10.66 10.98
18 0 0 0 11.76 10.98 10.66
19 0 0 0 10.22 10.36 11.21
20 0 0 0 10.37 10.93 9.64

PRRAERE (Y1) RefErh m s sy -
Y1=10.7711-1.1902A-0.7823B+1.1904A%+0.4935C2-0.8902A*B+0.4783A*C+0.5648B*C
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F AR EERRIRRERE (Y2)  RERERWENR 4 For > RETREHER

Estimated Regression Coefficients for Y1

Term

Constant

A
B
C
A%A
B*B
C*C
A*B
A*C
B*C

0.507387

Coef
10.7711
-1.1902
-0.7823

0.1162
1.1904
0.0021
0.4935
-0.8902
0.4783
0.5648

SE Coef T
0.11948 90.154
0.07927 -15.015
0.07927 -9.869
0.07927 1.466
0.07717 15.427
0.07717 0.027
0.07717 6.396
0.10357 -8.596
0.10357 4.618
0.10357 5.453

S = PRESS = 17.8379
R-Sq = 93.47% R-Sq(pred) = 90.95% R-Sq(adi) = 92.29%

P
0.000
0.000
0.000
0.149
0.000
0.979
0.000
0.000
0.000
0.000

W4 g fr (YD) it »ird

T BCE PR RS (Y2) SE(ERY —FEBR > EERHRE (B8 5 B -

RaTATERE

Fyas

24 BWAR (Y2) 2 5%ER
FACTOR
RUN A B C Y21 Y22 Y23
1 -1 -1 -1 20.30 20.24 20.34
2 1 -1 -1 20.74 20.42 20.62
3 -1 1 -1 20.76 20.69 20.49
4 1 1 -1 21.19 21.17 21.41
5 -1 -1 1 20.17 20.01 20.23
6 1 -1 1 20.24 20.29 20.14
7 -1 1 1 19.41 19.45 19.40
8 1 1 1 19.98 20.17 20.08
9 -1.68 0 0 20.08 20.12 20.36
10 1.68 0 0 20.67 20.69 20.58
11 0 -1.68 0 20.28 20.11 20.04
12 0 1.68 0 20.16 19.99 20.26
13 0 0 -1.68 20.97 20.97 20.99
14 0 0 1.68 19.97 19.84 19.84
15 0 0 0 20.42 20.29 20.40
16 0 0 0 20.45 20.38 20.31
17 0 0 0 20.50 20.34 20.32
18 0 0 0 20.44 20.33 20.24
19 0 0 0 20.54 20.43 20.42
20 0 0 0 20.46 20.42 20.37
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Y2=20.3914+0.1778A-0.3494C-0.0882B2+0.1107A*B-0.2357B*C
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AR AR R AR A SR B B 90% LA - R E A RHIH -

Estimated Regression Coefficients for Y2
Term Coef SE Coef T P
Constant 20.3914 0.02409 846.350 0.000
A 0.1778 0.01599 11.124 0.000
B 0.0103 0.01599 0.642 0.524
C -0.3494 0.01599 -21.859 0.000
A*A 0.0108 0.01556 0.693 0.491
B*B -0.0882 0.0155%  -5.669 0.000
Cc*C 0.0145 0.01556 0.935 0.354
A*B 0.1107 0.02089 5.301 0.000
A*C -0.0210 0.02089 -1.008 0.318
B*C -0.2357 0.02089 -11.286 0.000
S =0.102320 PRESS = 0.797444

R-Sq = 94.08% R-Sq(pred) = 90.98% R-Sq(adj) = 93.01%
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Residual Plots for Y2

Normal Probability Plot
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%65 fkE

K EEE YRS HEHE

(A) EEDRE 0.7469 122.22 j&
(B) R 1.6818 125 fi&
(C) BEFrffEs 0.5803 201.91%
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