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Optimization for the Procedure of Chemical-Sucking in Chemical Supply System in
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Student : Yang, FengAn Advisor : Dr. Chou, Shanshan;
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Institute of Sustainable Technology on Environmental Protection
National Chiao Tung University

ABSTRACT

In Taiwan, the semiconductor industry plays important role and create great revenue in
the past decades. However, it is concerned that the high-energy-consuming issue which
includes a large amount of water, electricity, air conditioning, chemical stuff and other
materials during the process of manufacturing silicon wafers in semiconductor fabrication
plant. While facing the impact of global environment and financial, technologists much more
concern about the high price of raw materials, the shortages of energy and reducing the
production cost to be more competitive. The company promotes energy conservation more
actively and works hard for improving equipments to decrease the waste of raw materials.

The aim of study is to optimize the-operation of the chemical supply system, how to
reduce the production cost by decreasing the amount of surplus chemicals in empty drums. In
the study, we review the settings of parameters and hardware design of chemical supply
system by using the Taguchi method so that we could get an optimum combination of
different controlling factors. Besides that, we actually conducted the experiment in an 8 inch
Fab. The amount of surplus chemicals in each empty drum was about 1.7 L (0.85%, 200
L/Drum). However, after we installed the drum lift-and-tilt equipment and increased the air
pressure, the amount of surplus chemicals decreased to an average of 0.5L.

According to the results of experiment, the best set of optimum parameters would be
drum-lift-height: 7cm, diameter of tube: 1.1cm, height of the tipped tube: 0.5cm, pump air
pressure: 5kg/cm?, all could reduce the surplus of chemicals. In these factors, the
durm-lift-height and the pump air pressure could be adjusted by vendors. However, the
diameter and height of tipped tube have to be also concerned with vendors and it probably
cost more than expected. Therefore, we only adjusted the drum-lift-height and pimp air

pressure in this experiment.
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We have developed the drum lift-and tilt equipment by referring to the industrial design
process. After analyzing the amounts of surplus chemicals, we have found that the top cover
of EKC270 and NMP drums have become convex and concave. If the top cover becomes
convex, the tube would be lift higher and increased the amount of surplus chemicals. To solve
the issue, we have also created the cover pressing equipment at the same moment.

Once again, according to the results of experiment, we have added drum lift-and-tilt
equipments in all supply systems and added top cover pressing equipments in EKC270 &
NMP drums. We have also adjusted the pump air pressure to 5 kg/cm?, then found the amount
of surplus chemicals to reduce from 1.7 to 0.5 L/Drum. In this case, we would save about
6,270 L and approximately 31 Drums of chemicals a year, the average unit price of chemicals
144 NTD / L, about a year to save 900,000 NTD, If in full swing in their group of companies

will benefit more than tens of millions of NTD.

Key Word : Chemical Supply System ~ Taguchi Method
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3| EiE I hg g o *71950# v v 2 — (Taguchi Genichi)t Jiw v &8 1 42 > 2 £ 14
BB e g b apho (FE R * 2 2 4 (Orthogonal Array ) & (7§ sk 23] > sa 0 f§ % e
iz 53z 1t (Signal to Noise Ratio; S/N)it 7§ Sk #icdp:t & ~ 17 7 b B3R 4] 715 &2
M B F R EARE b ki Sl & 0 1980 E B v K P Sk th
AT&Tfz 4§ PF 1 As 3 256K DRAM %4z R 42 » & {8 2 % d 18%4% = 3 80% - )Fjé'f
FRPEE v v Vg AR @~ £ ® > d 3t e v E (Taguchi Method)® 12
i W@ Ft A E W v s S TR 42 (Quality Engineering) 2 T
#2% 3+ | (Robust Design) [4]) -

FiExp LB FULEF o § B SR A @ 2L At ekt -
ZA & - BEAE @A S e ﬁlﬁiém,; FOREEME A 3 X T Rt iR

12



Flpt A2 AR o RTEFRIAT R BT

ZEFZ el S Pt AE LT e é%ﬁ@éi%gﬁ’
gl A RT ﬁﬁ?ﬁ L2 BfE4cB10 0 §itdeT [5])
X #%EHT
M Y
. E/Ea EE—
fz 9B+ BE
7 EHE T

10 7 5 & 44\ 2
F AL A 5]

L RREIF(M): fhd At ¥ A AR SR i ASET F 79D
%%%ﬂé@éme@Mn%’*u$ AEF 5 i
2. HHFFQ@) RPIRFET T LK R R AT TS HF T

2 fj it 4o [6]
(1) FoehpeaEpd: GRERTUER - B nS TR -
(2) SRR AR LB 2P B
@) WIE: Al 4t
@ ok

(B5) FHRBEZ D EF)SIEE REIE TR DE A o
(6) FH%F %6 REIANFEBEEFTTH o

(7) TR R RS R SRR R S -

13



(8) Aok iF i ekt ik TR BT S LR B 0 2 S

Q) PRMETRETR  RBETELPEFRETH -

241 BFFA Sk
PAAMASETAASNLT BERTF > A GE LA FE A 0 @
MR A A o Ao BI11ATor 2 4 BUdp £ Sl (Step Function) ¢

—
m-a, m m+aA, y

B1l A& pdp % sk
T ik [5]
(0.% [ym| < A,

L(y) =<
L A(_, .;{iﬁ | }_'ln | AO (22)

L(y) : 4 % Sode

AFERET Um AR T 0 CAE AR AR FIM-AE m AR FIAL 5 2
SO RFAENT INEASORREAAN VA TARE T L EOR AL L
gt U 2b— B g e it 02 o B A D X AR Slied AT 0 drBl12
ATy ASPERREF  RFHEASE 5 AR mr-r%‘r#ffiypaﬁr%éﬁﬂ%ﬁ
EMPEE > SEAE A LE D =03 AR AR R e 0 B AR 5 52358

L(v)=(A,/ A2 (y-m )=k (y-m ) (2.3)

14



<y

m-A, m m+a

Bl1l2 - =%- ﬁia\?ﬁj‘ w

R L TR TR DD 07 R R A L 2B % S ed AW
YeM1345 7 » 4F 2 Sl B S IR A3 2 B e
1. p 412 (Nominal the Best) : 41+ 4535 P B g4 > S FHILams
i ot p AR -
2. Y-l #{(Smallerthe Better) : & i g 4 > LEELE -

3. I~ #ii(Largerthe Better) : St g~ g4 L BELEE ~ -

Ly

Liy)

L ' — F RGN

NS EEREE SR
FH &R [5])

15



%3

LR TR s

EHE £ ERENTRY S/ RESTRY EEFHHLTEY
iz bk k=t k=t Al PR
MSD,— =% [y —m)
e mia MSD. =7 st s AL o) R
= E(NISD} N - B |.|.’—-|1 |
—[I_\_—Jr.'i" —s:]
1
Ly = k[MSD], Liy)=h" Liv)=k—
1B e : . i gyt
L_,_._,_,:ﬁ.‘lll.l Fomf 4+ \.'I Jr.u.s —&'F- + $:J ll_-._.:i =.l'| : 1 I |
|_.l| wi ) |
A kR [5])
15°: %2 ¥
2K AR 4 S o
3mi piEiE
242 B R %
® 2 4 (Orthogonal Array ) mﬁé,ﬂ AP R SRS B EE R A
TERAFZTEYFLE2ZI A RN E T IR/ LBO)EA T ERARLE T ay
%o B SVERDBRFEAFFICR o TERILLG aFE A oERAHLEIRA (70
RAENE S @A 7 F S KBS R A e # oy F3 ek

,r—g-;;;'r

g
1.

VRV ERER O FEREEEN 3 LA AT A S
DR SR 250
BF 2 3 18% » doly, L, Lig, Lao, ...

KT 2

e L

EF]F gk 2 g LA
@

et B n 360 3 o Ao F N F B TS ok &

L2 2t

M3 EF FS A%

L27, i ’ 'lif'%%5 °
A £ A2 % % (Mixed Orthogonal Array) @ ¥ 3 »x"
& > 4 Lo, Lig, Lag ... % > 40 %6 o
24 142% E 4
Expt. Column
No. 1 2 3
1 1 1 1
2 1 2 2
3 2 1 2
4 2 2 1

16
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Column

Expt.

No.

Column

10 | 11

9

Expt.

No.

10
11
12

2.4.3 S/N wt

CR L

v
"

&iﬂlﬂjHﬁﬂ%%ﬁ%“@@%WﬂM%Rﬁ@yN“ﬁ%1

it
%
s

AFT
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T o
= log
1 e s g

(2.9)
n(eta)z. & = % 4 [ (Decibel; dB)

Flitw v BRI T RA T ST BT 0 BA SIN > B KL

LTS

=10%*1
N S s

(2.5)
R EEEELT RA L Z AT

1 ZPr#Eg: pHhEmd ¥Re2Ef 27 VE-

p— (7
S/ Ny = 10logy, ‘ F3 (2.6)

v

2. FoAoHFEFn BEEHFEE Y10y oyn B RISIN T AR S

& P
S/ N, =—10log(MSD)= —10log »——:E:IT
\ ° i - T (2.7)
3. HFAFEIgn BEEFHIEEIYIOY 0 oY) B BISIN W F A G
S/ N, =—10log,,(MSD)=- lUlog,(,l 2 Z _l_‘_ I (2.8)

n 4 _\';

244 B &S

RRE AR RRET A RFIREEFLRE L RHBFLZ T EAH
ke 2 RFIEE AR REF I EFANVZZE c A% 0 0 ¥R Rk
17 (Analysis of Variance, ANOVA) » 4r# 7 #17F » T e & P B TE 74 47 0 R 7]
FPELYETRyG EFIETHFEATLENER P ERT EAHWY ¥ ¥ R
THF o ARTFLAY T UEN - LR TAFEDP B o UAKF P EAR] 0 AT

LREY IR

18



27 HBHAITE

Source SS df MS Fx
% iR T e fd R o
Treatment SStrt « MStrt
- MStrt = —— =
ET SStrt k-1 Str 1 MSE
E
o SSE n-k MSE = 2=
% A _
Total
v SStot n-1
e

TR km: [6]

1.

T=2.2.%

fe 22 R 52 B (Sum of Square Between Treatment; SStrt ) :

2

k A
SStrt:an[Xj—X
j

USRS

)

2

j

2
TS T2

n

j

n

EJEZN %2 (Sum of Square Due to Error; SSE) :

SSE =ii(xij —Y,-)Z =YX

2
T
n.

]

i 5% B (Sum of Squares Due to Total; SStot) : SStot = SStrt + SSE -

nj —2 2
SStot :Zk:Z(Xij _X) =22 % _TT
i j i

#27 (Mean of Squares; MS) @ 3 FlF enT 2 e H g d R et (@

PE&FiE ik %4c-Bl14 :

19
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F{E

®14

PREAITPEEF Bl 4E
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IR ERRG

AR - A AL 5250007 e s PR R0 [ A AT R B E R R <
doR e GEAHTCER A RFIL R AR AT FRE S N AT
At reRBRRTRA RN TR r B AT RBRTE A RERTL 5
yq%@g?%%@&#&&J b i Sl BRIV S8 1 XX

RV AAMFEAMAY > IR OIRE FEERIEE 2E AT e

31 B3 i
nrkmﬁ¢~ﬁﬁ%ﬂﬁﬁﬁﬁﬁﬁi%’?Uﬁﬁﬁﬁiﬁﬁﬁﬁﬁp

FREE AP WL TR R ARG o A2 R HE WA
i B RER AT ERORAE L9 v EATRAR SR TR XK

PoiB i i endR (TR Bl Fod F Rk SRR E R E
HAGE S ML Aokl AAEFTRI O ZEGFF ,%ﬁﬁ@ﬁ%ﬁiara

#H Ak 7 0 o2 g Statisticas 15§ F BTy ©

WA T B A

ﬁiﬁ%%%&*%
ﬁi%i%
ﬁ@ﬁﬁ%%ﬁﬁ%
ﬁ%\ﬁ@%ﬁﬁ#%$&

DE®
Bl15 gr%ﬁ%

32 REHEH
L Sk sucharge unit: rf B ROE L B B mende 4 kR {1
R s gd F 1B S BRI 0 0 8532 3 supply unite &R &Y
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charge unitfickg & S Bcif 278 > AP K F 4T o
(1) chargeunitz # 7 : LEC (% )

(2) &4 @40 L/min (TACMINA)

(3) & # A4 : 3~5kg/em?

(4) P 2% B 0 PFA 6/8”

=H
4
o)
JEN
H
I
5
L
=5
2
¥
N
[l
—FJ
o
B
—
!
g
‘EH"
m:ﬁ
P

,xl/]e_,u LB E
| 'fy/p?%f'ﬁ% ° qlL %r-rvbb :‘—:\ 5}15‘&3&%.\5\‘4}1 ﬁg‘/%’ﬁl] ’ %j&—“‘ gg{«f_*&-f@]

B R BB  AHEIPE S REAARESE -

T

STATISTICAS 478t 48 @ - # i 58 P 3| ITF 5 Nl il o ¥ ## i 07
TRV E K o C GRS 5 - I3 L GUEER sl 2 A TR g
@ g ARG (T RVRTRFST B AT E) S B AR/
@ﬁﬁm‘?%iﬁﬁu@ﬁﬁﬁﬁﬁ? 1T EBP R PR A

WAL AT~ FHREF -FHREFEFHERE 2 FTHEZAEIRRY S48
R 2 %% > STATISTICA & * "15‘ BRAERB L o «‘F*f Uik gy A
e w0 3 H - et TR T 4 g o i 7 5 0p) & - (Predictive
Modeling) ~ # & = & p|(Clustering) ~ 4 #g =5\ 4& 3% (Classification) 2 % #£ % #
73 (Exploratory Technique) « B & i * &R L ¥ F sxehFfl4g 41 £ o v,% oE: 3
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EREArAGEE S FRELAFRE F D "RE A FHEHL L (Data Miner)
2_ ¢ » STATISTICATM data mining solution { &4+ @i¢ ¥ (4w L E4 % ~ £ 7
For it £ WEEE)KR T -1 £-QC miner 22 £ R B
(Unstructured) eir= & 3 3 9738 3+ e £ —text miner - STATISTICATM desktop
(FHURIBLLFnERMEREE U0 £ [7] -

2. FEAAKLIER AT A-BPERIENLL LI ERHELLE G

3. ¥t E 447 STATISTICAS# & (70 v i 2 #ichp A 49 > 35 & SINW ~SIN
R RR AT

23



4.1

41.1

R

CEERASELH
BRARE! 2 TEH TRy 3 XBRILTH T BERERA

ﬁ@@&ﬁﬁ@ﬁﬁ$%ﬁﬁigﬁﬁiﬁ“’Eﬁﬁﬁ'i? BAg g e

For LB Rt B N iFEE AR DRI

FEA R R o TN ERAREE

AT @RS A BT SR RRERL AHERES DTS e

g

B AR HARE R
ipiﬁ@ﬁ%i%@&&ﬁ@?%@@}ﬁ'ﬁgﬁﬁﬁi;p 9o
EFLCE T ERAGTERZ AL A 1B R R i

FF+ o HAREZRIE S 2 BHARL R T HFEIod 897 c AR E R EHE S N

N

m

o BRPFR 5 98.01~98.6 1t 15N > T ER AR E A MA G A 0.8~27
Lz & o

AR 432 L enit 8 54 EKC270 > NMP ~ EBR ~ SS-25E » F]H # * ji
A ER17mm2 15 mmeB g iR E R R s A E T
LR, - B ERETFEREEPRL R REREZSE M 1B
EocE MBI T RS RRER S T A B AR ARERS 924 L2+
(4-®118) > 4p F | B /S F AR B RR K G1LAL 2 % (4o B119) o @ 48 F b 2% F %
v REERARF PE o o F ARER T F 0 I FEf AR EARS > Poly Etche ¢
FRL3IMM, asf E ALl mmehit 8 50 5 Eo] o ST HASE 508 Lk
o @ DEVIRFa g £ REE NS NI0mm . F A6 2 2 T RERASLE

PRI BT R EH Y APFARTIR Y F LB T B iR AT RS -

BT A RIS > A EF AL A VAT Z P e A BT e

Araldpged s 81 B @dar TRal RS mE o EREZ RN
o @wTed- @ hrr R HCITR 77 )R F drx § 4oEKC270 2
Hm’f&rﬁszgﬁi%&ﬁ@ﬁﬁ&rmgﬁm?%i’ﬁ%rﬂﬂﬁf
AR+ 5 ¥ bR F OB g i R F 4oW2000 ~ HiPOy ~ HCIS 5 7 7 ok v v BT

B dIek o @ R EHASER LA L

24



%8

ER A Z AL ERES

B R - FAE| AOg [FHARE
PP PO g RERE | gy [AFEE| AT LR
(B & x&) (mm) (mm) (L)

SS-25E E i‘b”y AR g e qDPE | 580 mmx883mm |” L 17 9 25

waooo  |[ERRAM g0 inpr | 580 mm<8ss mm “%L\ 17 5 18
Ao

EKC270  |CEERAR L ﬂﬂm@ﬁmnt]¥L_ 17 17 25
BEEERE=

NMP N-PA-2a s ShHDPE, 596 mm*945 mm | L 15 23 27
= 8 - PFA

FBR ER XN SUS 316 591 mmx993 mm | = T |_ 15 15 26

I 4, o L

BOE 100:1 / 580 mmx897 1 13 1.9
AamRAE | DR e

H;PO;  |H:PO, ®BHDPE | 585 mmx910mm | = F N 1 7 13

HCl HCl HDPE | 580 mmx8%3 mm | = * 1 7 16

® R n
HF HF MBHDPE | S0 mm<8Bmm | N 1 6 18
Poy Eich |@is/8fi& |®EHDPE | S80uubx8Bmm | . 1 3 08
o &
DEV. 8A1%w ¥4 |£EHDPE 595 mm*913 mm L 11 -10 12
% L

1 & & & L3P 1a.55-25E: semi-sperse 25%Si0;; b.W2000:W % Tungsten, 2000 = %] 5%, c.EKC270:EKC %
o F L 4,270 % A15L; d.NMP: N-methyl-2-pyrrolidone; e.EBR: edge bead remover; f. BOE100:1: Buffer

oxidation etchant ,100:1 3 & p&: 4 i 4% g. Poly Etch:4§ & # 42 %]; h.DEV.:Developer 3 TMAH
(Tetramethylammonium Hydroxide) f i £ 4z & K R 15 #T il &+ 2 & &
2HDPE: & H AR FH T -
3.8US: 7 &héw 7 -
4B BR=ZHFR-%F LA DEV.ASFER S NERF RN L E -

BIL17 % Ry Bl
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IReRE(L)

TR L)

35

3.0

2.0

2.0

1.5

1.0

0.5

0.0

35 ¢

30

25

20

05

0.0

—8—EKC270 —&=—NMP —®—EBR —=—55-25E V2000

1 2 3 4 5 6 L 8 a 1w 11 12 13 14 15

BI18 w ¢ B /Z>11mm % #4i 2% %~ B

—®—BOE100:1 —S-y,po, —® HCl —S HF —& PolyEth —& Dev

/'.""'“-.__ n i /’\‘.
G RN - & = — N

. & / Y / i ° 3
N & . - o o R
@ g -'y// ~ z . — = < L .3___#' = E]

T 2 - = i R 2 \ } S

2 - & & \
”~ = \ = i 'ﬁ‘

p—

LB
R19 wog 2is=11mm 7 i AR % B

% SS-25E 2 W2000%= % $% &~ » FICMP# #2.2 & F 4| % 57 i ¢ cnSiOg:E {7
S 1T 3 (U A7 fr o #4602 3.SS-25E% W2000% A 5] § 4 250%3% 5%:1Si0, » BeAT Bk
PR e R E ARG R R ASIOuTR Y B R RITR Y S
f AT ASTOAT A ¥ FICMPHS & 52 (7 % 447 e 3 5 8 191 (Micro
Scratch) ek *& H 4 > ¥ a0 € 3 = L FUF M S R A 0 P P ER R E SR
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. g?%%ﬁiSlOzl‘éaBB%ﬁ g\,f?%:‘ﬂﬁ{_‘@()’?‘} ’ L_IPJ é‘ﬁPFé&’%iﬁal——)@ < sudie
B §FEERE e LHEEP AL (HDLREF P ENEL
4120 - %@ﬁﬁmﬁﬁmimﬁiﬁiﬁﬁﬁwﬁﬁﬁéﬁ’%”p@ﬁzg

REBER AR -

BE

TAIAT PM RRELH TS 3507 E2aT 50T THIHN

i
W20 52 Brejfe i 4 sy o i E )

412 & BERTHEEST
7 3 dc(Nre) =Dvp/ it B 4 2 IR 124 $HaRIF 4 st o R Lp o
pv2 > @ Ak 4 RIED /D o A pvz/(uV/D)"L e Dvplhe E R A
Fided Qo ME R AKER D A S ke 0 ARF Y AR SN gk
BV E R AR
SRR LS A TS R RS
4§ > 4-BOE100:1 ~ HF2 DEV.% % - Fl215 3 %k e ASE PN GF > o B

#5315 K A & R A 4wEKC270 ~ HPOy 2 SS-25E »

ot B 7 H(NRe>10000)pF » F] 1t 5 oo f§ AESE 40 01 SRR 1S g A A
FA S MU EERBIEYR RS 8 R A 2 EKC270 ~ HsPO, %2 SS-25EH
Nre<10000« B 7 £ 51 s M4 14 8 5imid LSRG § R HH 4 B 5
hih B o
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29 M EER T EERAS T A

T -2 D (m) V(ms) | o (kgm’) | © (Pa-s) NRe AR | TR RE (L)
SS-25E 0.015 1.47 1160 0.006 4191 W R 25
W2000 0.015 1.47 1033 0.001 16262 Bl 18
EKC270 0.017 1.47 1070 0.012 2227 B 25
NMP 0.015 1.89 1027 0.002 17102 B o 2.7
EBR 0.015 1.89 920 0.001 23676 Pl 2.6
BOE 100:1 0.011 351 1110 0.001 35707 B s 19
H;PO, 0.011 3.51 1710 0.049 1358 %1 i 1.3
HCI 0.011 3.51 1190 0.002 24177 Bl 16
HF 0.011 3.51 1150 0.001 40357 Bl 18
Poly Etch 0.011 3.51 1000 0.002 24127 Bl 0.8
DEV. 0.011 3.51 1100 0.001 47181 Bl 12

50000 T
45000 | -
40000 + =
35000 | x
30000 +
Nge 25000 F . . x
20000
15000 + n "
10000
5000 .
0 = X
0.0 0.5 1.0 15 20 25 30
FIFEERRL)

B2l 3@ AeL M RE

42 MuavZiIFREiGiviri
421 XEPHD P
EEPIAYT 0 ZEH T 9 F17L(0.85%,200 L/ ) TE 43 i ¢
BALT Lt F 5 Fpt o B2 BRASE T KRR S AR MRR L

B RUARERE R DR BB RS 7R

422 ERPZHFTEKE
f* BT A A B2 BT AR EERASEZ DL KT

Fo RRARESR I J B2 T i TR R PERARE DT A G
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1o
Ep Rl

,
A
e
Il
Sy
o)
=
el k2
= o
—r ks
=
&%
KEr

NI ghade - SN %_?ﬁ AR~ cgrgigfé BB HE g A JL#HT
g%azﬁiﬁﬂ%’ﬂd%@a:\wﬁ&%ﬁ\%ﬁ%ﬁiﬁ%%ﬁ
PBERASE TS o

ak g

A AL

o

e = 45 5
J& —_— _ _— )}"\ i o -]’. I." ik
1 ;J., 75 A4 I }) —_— 1A f
L1 = -
Y s £ 3] i I ] }\ ;l
A oA A 5 3 ]
= ALE 4 H 4k
L- E L =" ] A 4 _’L o
fr__r’ 1 A<l ¢ N

A4
1.

d & FAT A BENRBRRS DT St io v 2R RaFS o
F Ao
B R SRR R ] BRI T A
2 FHET kR R R AT R AR SRR LR
- F SRR L IR DR R (o £ 10) 0 TR R L 0 B AR IS
RIF PEEOEL AH N RAR DG R ITIEE > LTk AR B F
FH3POs % = B (FEKC270 e} K R A ZpR KAt B R 7 F 5% o
B h s kT il il BRI BUEBET KRG IRRA 2 EREAR
ZH e ey K AER O o ¢ b oaoliquid sensor | = (48Rl ¥ #1432
HEERERHINZF > BRIFERIEN - BfemB 43P R3304
FREFERIDIEN G FETHLL N LR AR B R T ETE Y
23095 P HRRB L RGP F - B e ER R Q205 E L
?&ﬁm’@W%&@%@%ﬂé?%i%ﬁ’#%ﬁﬂﬁﬁ@%@ﬁ%°
AEGIRER AR R F Sbellowsg 550 an 1 F RS R e
%%%’%u?%gﬁw@4£m§%ﬁﬂﬁﬁﬂﬁ@4iﬁi’%@&m
RITEXEFORAELFRETFREDRR > L7 RS MR

Sl R F RS A AIFS o PR E AR F AR R4
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4.

kglem? > @ & R feh1 fE/R 4 i3k @ % 3~5 kglem? » #701ok E % %43
kglcm? ~ 4 kglcm?2 5 kglem? ot 45 M AL B 3R> 5 47 11 CA4 (B A5 cm)
TR AR R E R A ARE R E otk o R Lk RER
TEDTRR) O ARIEFT L AF TR EAERToM . AR ER
T_25cm-~6cmx7cm e

TR EAE R G Ff LR AR T I R LR
BonE BB A FE TR A TS 0 PR EH R R
ZoF EEF 11 mm~ 15 mm2 17 mm o 70t 2 fE B TR TR R B LT
Fvk o A r A RIS H I RSN F AP IR TR HRABEAIEE &
B A RPE e A R RMNAFHERNTARE RERARAFFHFAS
MR UTBROBRU BRBIALEARS C F 2 PIAAERD > HMRT R
FILE4FS PR BR a3 RG50~23mm AR LT B
BRAR ARG > L F A M gF A BB OH RE N LE DR G TR
T B ACKER T LI5mm - 10mm2x v15mm e

FH R FH G AREZERARMEE AT R0g o @ B ARV
Pk ERREREAS ERE LN AR LS B RLG Al A
FE o T RTER A s FIER L ARERRTRURE R
#’%Hiﬁ%gﬁﬁﬁﬁ’ﬁﬁﬁbhmw%&EZ%%u%ﬂﬁ%o

AT G LA S R kB hed 10 2T o

%10 42417+ 2 KL

Factor | Description Level 1 | Level2 | Level 3
A %% R (cm) 5 6 7
B SR BT (cm) 11 15 1.7
C BB & (cm) 0.5 1 1.5
D % mE+  (kglem?) 3 4 5
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423 FZE LA
AERE G B B FE o B LG RDE 2R S LR k6T
424 it FioR Rl
AP UERARE S RTEE P%RAEEHTF LRI AA) - RFE
£(B) 5T B R(C): RF A (D) F AR B HPOA = F HEKC270
Fod HOR 2 4R SR O A B REF > FHREI LR DRBEH 5 B
3,

R LEFA DK FHRLE AL

311 o r 2 9%y 4

Expt Colimn H:0 (L) EKC270 (L) HsPO4 (L)

No. | A B C D [(Datal |[Data2 | Datal | Data2 | Datal | Data 2
1 1 1 1 1 0.72] 075 0.56 0.6/ 078 0.72
2 1 2 2 2 148 152 1.22] 118 146| 1.35
3 1 3 3 3 2.7 2.66) 2.8 265 368 3.51
4 2 1 2 3 092 089 088 087 0.78 0.7
) 2 2 3 1 1.73 1.69] 204 218 252 249
6 2 3 1 2 0.7 068 078 081 092 091
7 3 1 3 Z 1.2 1.27] 1.28] 1.33 1.3 1.39
3 3 2 1 3 049 0.51 0.52] 053] 062 071
9 3 3 2 1 1.1 1.18] 1.14] 1.09] 1.08] 1.15

425 Hchp A 458 B iF 12 ehi- 2
@ o B statisticadc 8 A 4535 H 0 0 ) FEA4FSINGL 5 H B % o2 1247
7o SNV R A At AhEnglics & HOREFE % kG hd % ik
L L $ 838 S/IN=-53.98 - MEKC270:& (7§ 5% » b2 ch§ B Sl & 5 58
SIN=-54.40 » 12 H3POLE 78 5 » & & 7P % S 8cie £ % %878 SIN=-56.44 > o 9 =%
HFEFT 2 HAHO  EKC270 8 HePOsie 7 7 B > H b2 S lice & SA3(R B 3
B7cm)~ B2(s % 2 j21.5cm) ~ C1( r % &0.5cm) ~ D3(% # /& /& 4 5 kg/ecm?) -
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412 v r g skiE%2 SINW 4

Expt Column H,O (L) [ EKC270 (L) | HsPO4 (L)
No.| A | B | Cc | D |Ea@EMN| Ba/N) | BtaS/N)
1 1 1 1 1 -57.32 -55.26 -57.49
2 1 2 2 2 -63.52 -61.58 -62.95
3 1 3 3 3 -68.56 -68.56 -70.87
4 2 1 2 3 -59.13 -58.84 -57.37
5 2 2 3 1 -64.66 -66.48 -67.98
6 2 3 1 2 -56.78 -58.01 -59.23
1 3 1 3 2 -61.83 -62.31 -62.57
8 3 2 1 3 -53.98 -54.40 -56.44
9 3 3 2 1 -61.13 -60.94 -60.94

12412 SINW B2 8 & B3 kB hw im0 #4127 AT KB L 1P S e
TR RSINVE I T30 L w i id 0 R AET A F]F R R EE 0 e 13

st o £ ESINW i % % SLSINY BBl 1 4cF23 ~ 242 25 £ SINw R4 11

\\\?{r

Bk & > o HpO ~ EKC270% HiPOychw B 7 sode i S licie £ % 5 A3(3 % 3

£

R7cm) -~ BL(x# B i2L1em) s CL(% - % &0.5cm) ~ D3(% # H/E 4 5 kglem?) -

#13 v rEgEkES2 SINw 4

Factor | Level H,0 EKC270 | H:PO,
SN
1 -63.136 | -61.870| -63.769
A 2 -60.189 | -61.109 | -61.523
3 -58980 | -59.219 | -59.982
1 39429 | -38803 | -39.145
B 2 -60.719 | -60.822| -62.453
3 -62.157| -62.572| -63.679
1 56026 | -55891 | -37.720
C 2 -61.262 | -60455| -60.420
3 -65.017| -65852| -67.137
1 -61.039 | -6089% | -62.137
D 2 -60.709 | -60633 | -61.5852
3 -60.557 | -60669 | -61.338
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ETA = -1070g1 D0 Sumiy ¥

Fuerage Ba by Factor Levels
hdean=-60.768 Sigma=4.36023 b5 Emor= 062160 df=9
(Dashed line indicates 7 Standard BEror)

Al

B1 B B C1 cz (] 01 Oz (]

®23 1 H 0% &2 SIN v v i [l

ET = -10%0g 100 Sumiy TLN)

Fuerage Ba by Factor Lewels
hean=-60.710 Sigma=4.58771 M5 Emor=.074104 df=3
(Dashed line indicates ¥ Standard Bmor)

Al A £ B1 B2 B C1 c2 3 01 oz 0

B®124 12 EKC270 4§ 2% 2 SIN +* = Ji )
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Porerage Eta by Factor Levels
Mean=-G1.759 Sigma=4.82045 M5 Error=. 224993 d=9
[Drashed line indicates 7 Standard Erran

a7
-5
-5
-G0
-1
G2
Qi
-G
G5
-G
&7
G2
-5

ETa = - 10F log 100 Surriy 7 H)

Al A2 o] B1 Bz B3 c1 cz C3 01 Dz D3

B25 12 HgPO, g S 2 SIN +* w Ji ]
PRAANE 2SN R RETEN G B RS ki Sl s n L FSH
SR EEAREER S Tl 8B BA i 0 A F % H0 ~ EKC2702 H3PO,
B AT AW A 14 £15% 2167 cPEAGOKEF LR SEEER
P<0.05 # 7 k#ERFLBBEFd = BREEHFLITRET wFFC(r F A)KER
AR EEF A FFARFFR)EB(XEEE) A DA+ s BFF P AEF

IS -

214 U HO Bk B R HAITE

H,O SS df MS F P

A 54.83] 2 27.42| 441.04| 1.05E-09

B 22.36| 2 11.18] 179.83| 5.55E-08

C 244.72| 2 122.36] 1968.51| 1.29E-12

D 0.73] 2 0.36 5.85 0.02
Residual 0.56] 9 0.06
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%15 1 EKC270 7 Sk % 2 % £ 3 47 4

EKC270 SS df MS F P
A 2145 2 10.73| 144.74| 1.44E-07
B 41.15 2 20.58| 277.65| 8.17E-09
C 294.22| 2 147.11| 1985.16| 1.24E-12
D 031 2 0.16 2.12 0.18
Residual 0.67{ 9 0.07
716 121 HaPO,F 2% 2 % B #ich 17 4
H3PO, SS df MS F P

A 4351 2 21.75 96.69| 8.25E-07

B 65.99| 2 33.00] 146.65| 1.36E-07

C 282.21| 2 141.11| 627.16| 2.17E-10

D 1.29| 2 0.64 2.86 0.11

Residual 2.02| 9 0.22

FE % A#EH0 YVEKC270 2 HaPO, B i S ¥ & % 5 A3(% 3
% BR7cm)~Bl(# 2 /=1.1em) > Cl(sr % £0.5cm)D3(% f #/& 4 5kglem?) »
KERFHEFRARS FF 2CRBRTFR) Mt st ei7d k&kE » HO
EKC270% HaPO,2
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