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A Study on the Appendages Optimization of a High Speed Semi—Planing

Monohull using DOE

Kwanhee Seo'- Hyuncheol Kim? T
System Engineering, SNSENG Co_, Ltd'
School of Mechanical Engineering Technology, Ulsan College®
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which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

The resistance of a high speed monohull can be dramatically increased at the high speed range due to the severe stern trim, spray

formation and hull bottom pressure irregularity etc. In order to avoid these demerits associated with this resistance increase, various

appendages such as the stern wedge, vertical wedge, stern flap, spray strip etc, have been studied, Each of appendage can control

the trim angle and/or improve the resistance performance, If these appendages are combined for finding the maximal resistance

reduction, there are enormous combination selections, This paper presents the DOE(Design of experiment) using an orthogonal array in
order to decrease the model tests finding the optimum appendage combination, And we evaluate that the method introduced in this

paper makes the optimal combination of appendages efficient and time—saving by applying to high speed semi—planing monohull, Here,

the maximum speed and the least fuel expense are adopted as the decision criteria,

Keywords : Orthogonal array(Zln HiQ). High speed semi—planing monohull(1<s Bt M) - Appendages(271=). DOE(AE A=)

1. M

i

VEME2 MA| SFEE AXISE Aol w2t tEd, okEy,
AZO|A _T'_7|

Ford gl 21OM S0| QoL M, HEM 2
Qlsl cHsMo| 7Eh Bo| AZ=E|1 RUCH (Lee,
et al., 2010; Seo, et al., 2005). CHEAM2 225|= £ Hlol|

2} b2k Msd(displacement hull), BFEES! M3(semi—planing
E) o

2t DRel M5 M2 JIXID AR Ao D% 23 o
Mol=g, MioliAle] Bzt 2y o Mr{wel ot

b ebH 87120l oist B2 7ot

&xoz palz|o] Mol7(stern wedge), A7 |(vertical
wedge), S| (spray strip), A10|EHstern flap), T A7
O(fin skeg) S0 ZH=|lon], O BRel Mo w2} a5FA|
Egg 1~-3°0l& JHMAZ|, NME2 3~10% HE ZADAFl=

2oz Hg7 lct (Seo, et al., 2005).

Karafiath and Fisher (1987)= Z2|2l1} 72&&loflM 2] Moy
717t olxlE Melnt EE Y AR |3 2ol oish 47| =27
HE2 %M |(velocity-length ratio)ol| 2} A2 A5
on{, Muller—Graf (1991)= S2 9X|(round bilge) Mol F&¢
S AR | /ol wWE 25 MstHslol oist d7E
I99CE Seo, et al. (2005)= 60Ma HHEES EEEMEol| 6
Mojyo|et 289| SH2lR k|| £[& =Flof| tish o7

M
W51 o0, Lee, et al. (2010)2 Mo|y7|2t 22X =

0%
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g Lo |

5|
AL 37| 2 Adx| SIxI0] HE AHE SulsH IR

Sl A5t Park,

rx 2t O‘tgl 4>

fjo x

A IEE skl REAEE &

. (2011)2 HEME F2 DMl M| ] 2I1E0] 22

JhMol| Hekg olxle AHE =RIEINC

Aoz x&e| BItE xpte 3| fleiMe 2 499
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M =X 2™ 2 (step by step decision method) 22
AlS Sl 2 AZES ARZSI0| f7kEe] galnt 9IXIE 25t

2rl22 wasoR Hgsleid 2t

o
B QB2 0jd 4 ok 531, DLSHESE ol2fE MR TS

i
)
|0
iva
-
QO
=
@
©
~
o
o
)
rlo
w
-“>
M
ad
10
— o
0z
=
™
=
o
(T

o=
SI%Ct
Ui 2 dAqoMeE 1% eEEMo| di|sls fIIEEC
2 x=gke 30| 2lal| 2w (orthogonal array)S olEsh Al

& HIZ2(DOE: Design of Experiment)2 X-g310{, £24M< 7

M7ZH ZHollM =Y 8L =8k TEsia O Bl

S TESIGCE 8|0 AERF(test error) & EASBIHM 2
o

AIE 340t B8 Eisoz T 4 g

2.1 AAM & Frl=el &

2 AT dAMR 50MZ 1 BERMo|n, FL x|t

MAEA2 Table 12t 2Lk,

Table 1 Characteristics of the design ship

Item Description Unit Design ship
L/B Length/Breadth - 6.73
B/d Breadth/Design 3 308
draft
d Design draft m 2.3
dr Test draft m 2.22
Cb at dr| Block coefficient - 0.49
Longitudinal Center| % a
LC8 of Buoyancy (from AP) 8.52
. 15(Cruise)
Vs Design speed knots ~ 35(Max)
0.34(Cruise)
Fn Froude number ~ 0.80 (Max.)
Remarks Semi-planing n.wonohlull Wllth 4 waterjets
builded in strip

|
trim)2| 24t S71=2 oI5t go| dhystn, 2 == 2Kspray)oll
A =3
— =

7|2 Ack =

| F2 YERIE wAle| SR £ FNESS
N 4 FUTrlet ducyolkel B HsPA 3 Fofok
Ick. olfst T B Mol 45 WIS Sish 7| HpE

[

252 FAYsA S48 MEHEH oSt 2ot

ok rx o

d

Mo|7|(stern wedge)
o7 = Mo|EcKiransom)ofl F&iz= 47|22k f2I1E2
= SEFA| 2251 2dn) o By ols| MolBch 29

= 1 slof o] EElS JWMSkE ojeke et (Fig. 1).

o
R

i

(a) Stern wedge
Fig. 1 Shape and wave pattern of stern wedge

(b) Wave pattern

Molsz|el Ziolet MLt o|2= zigol| Wt 0.5 < Fn
< 0.90IM 2F4 ~ 12%2| XMgt 24 gaE JHd2C} (Karafiath
& Fisher, 1987). S5t =32 olAte] D&MojlM = MolFol F
olo] S=AIS ZJ|| 5l0 7| 58S SHAIZIoZM 2F 14%
olAle| ol Mzt 2112 LIERYZ| S Bich

EH2[AH|Zx|(water spray strip)
SEEFER = MR 252 #HB0| F2=Eo] Mmet
=2 water spray)& XSt FR2A, El¢ EHAM 249}
st M2 s F|= sk it (Fig. 2

oo - T1=22 =

| S8 ).
0 HIEES MEe 20| zolEleE S22l ottt A
FHEO| Mx| H 9|
==, SE2HERIE MESH 0| Mx[gtozM ol2{st §
AMS siXs| UAAZ = Ut (Gonzalez, 1989; Shiming &
Yuncai, 1982). EEst SHERIM AR 2 A4S 27|
1 EEA EE2P| ZERZ JE|0 AEE TRl AT o

Mot BT ik

(b) Wave pattern
Fig. 2 Shape and wave pattern of spray strip

(a) Spray strip
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ol 5Q 4|82 JIFIC} (Kawazoe, et al., 1994).

Fig. 3 Shape of fin stabilizer

o AA|2(fin skeg)

E 270as Mo| MsiFol| dolgetoz Balsls f7lE2
M, Al Mo|ERE JhMsi MolFe| dETof 7(elgt M
TUBOR0| Feig dAZICE 55|, EME FED|Q| 49
sl RTOIMel SES YK St2E FrESS Y|
= dge ook £k 28| ARldss Elske 22 A0
(small skeg) Aer2 x5, ESA| F7HEES F5M ER

nl Chy

Fig. 4 Shape of fin skeg

o] A (stern skeg)
Mo| AH| = sMolell Mo|Rol| Mx[sio] Mute| AZ

A

2 SMAPID, Mute] HERAC| Bt IS ESECL =

B, W22 Mxlsts ROZ AREICE YENE FAUIS T

3 Dol B2 Al o4 RYT 2H KM S0 Hat

g 7R o1 ZBMS0| HEEES Jhse sieReTRRE
[e]

¥
m]
Tn
i
ol
k=)
to
du
1o
02
00l
1o
B
4
Si
H
Jhu
[l
)
rn
inl
k1
]

1

OflM Mol 27|02 QIeh OFEME S7I32 HA AMakef oF 2 ~

4%0|0d, EE sl Ao Jekg FA| gk=ch

Fig. 5 Shape of stern skeg

2.2 77122 FE1} ARt 7 MY

& gFMo| EE MBS F|ASSIHA S M58 e
T e U=l 2N T2 3| flof H o= A &
M| QolofM HMelst, Mo| A= LM (barehull)oll Z&kst

0 LA SHbarehull resistance) 22 EFSIFC 2] Mol
7|, 222N, #H AHDE FUtEel FET XK main
effect facton)2 AHSID 2+ MAZ|Z0| w2t AEsF(test
level) 2 ZH3ICE ol AMets 7hME| ) MolE
(stern flap), SEIY(duck tail), EEE(trip tab) S Clket oiE
M7t Zkx|(energy saving device)S0| 7Ht=| X (T £I1E EA
o| Z=EMI} MAM E4S 125101 Melsiict

MYE FIIES0] gt T 72 chant 2ok Moy |
ol 42 F2 dARAEE 40|, Zk, £, ¢y 0| UX|gh 1
SMofME Zolot A=t £ Meof| 71 2 dsks olzct
(Karafiath, et al., 1999). B OZ Mo#7|e| ZtLI} 7°~13
S Z=apMEt ol Zavstnd, Moj#7|e] Zol= HA M
BiZl0|9] 2F 0.87%~1.79%7Kl= ZATE 10| RS2
MojEct Zo|7} 7610 MEZoMe MEEIIE THE 5=
C} Seo, et al. (2005)= 60Mz Mo Mogyz|e| Zolz
x| Merzlole] 2F 1.0% 2eiolA fete sRI5INCT

SH2HERS £ MARAZE 20|, T
0|, Mojzo| So| Uct ZE2 Mufe| FHE(breadth at
waterline)2| 2.2%, Zo| 2k Zo| Zx= SH2le| 0|5 1
5lof Mo|$M(AP)225E] 3 StationollM Z2 Z|tHZ Slof &
X2 ZAaAIF M4 Bt 10 StationollA 07} 2|2 SI%CH A
x| =0lz D&Y DTS Y2HS BALL EEEIE 51
o= HMO{5IX| 2510 Moz 225K UEF 50 ~ 60M =
A} AR (Seo, et al., 2005)2 EFSIACH

HAATel =2 MARAZRE 20|, 0|, & 2T 50| 3
oo, 2 MAAMel AR, 2 400mmZ sl, 370l w2 =
2 Z0[2} =0|2 Fol5ICt. 0{7|M Zolof| e Metx7iez
|[2Zlol= MolEctollA 4,000mmol4t, Z[thZiolE= 5,700mmK|
49| HZ2RI(knuckle line)7kX|2] 0|7t M| JFssind, /&
HES| AFolM SR 2folok Bict.

Table 22 Z&st F7l=80l tist a3} QIX} =522 LIE}
HCt

—_

fjo

b

o

ChetRMelS=2%] X|51 ® X3 S 20144 68



Table 2 Main effect factor's levels about appendages

Design variable Unit [Level 1|Level 2 o] WeAE0| USAIE B o, 4TS WOAES Lo
A Angle of stern wedge |Degree| 7 11 T s FRLIXZ HYsh= 20| 22HolCt
Attached height Of | h ./ Draft 0.5 0.4
B ) _
water spray strip |k g/ Draft 0.15 | 0.11
—&—— Length of stern wedge(700mm)/Ship length = 1.2%: Fn = 0.33
¢ | size of fin ske Length o 4,000 | 5,000 ----@--- Length of stern wedge(700mm)/Ship length = 1.6%: Fn = 0.33
%1 Height 400 | 500 6.1
D Length of stern wedge mm 450 550 -
AxB Interaction -
AxC Interaction o K N R SRR R RN ER R pn °
- - ¥
vy 15 o s o
v, Ship speed 2 knots 2(3) 59F e 5= el
’U3 | ,‘r’; : :
v, 35 i '/
Remarks: -

. 5.8\\\\\\\\\\\\\\\\\\\\\\\\
AiD;: Stern wedge | 8 9 10 11 12 13 14
AiDz: Stern wedge |l Angel of stern wedge (Degree)

A,Dq: Stern wedge |l (a)
AsD,: Stern wedge 1V
BW: Water spray Strip I ——&—— Length of stern wedge(900mm)/Ship length = 1.2%: Fn = 0.88
Bz: Water spray strip I —@—— Length of stern wedge(900mm)/Ship length = 1.6%: Fn = 0.88
— 2.9
Cs: Fin skeg | i
C,: Fin skeg |l |
h e Height above draft at the end of spray strip in |
' io's directi 28 .
the fore ship's direction T | |
h e Height above draft at the end of spray strip in - B '\\l IR ¢
o | — |
the aft ship's direction I R
2.7
2.3 FUIE F51} olXle| wWSALE -
| I N
2'68 9 10 11 12 13 14
HIl2E2S C|ekst &2 HoloM 1Re| E2lnl 8= EMo| Angel of stern wedge (Degree)
daks 0|x|22 FUIE Ziol| wME = Qe We %mter (b)
action effect)2 0[2| EASPH L} LS o Ssto AEAH o Fig. 6 Interaction effect of the angle and length of
Te{g Beot ok 2 dAPoiMe fote Fa1 olxle] e stern wedge
g BAS 9l FAM S7127l0] SN0l MBS 3t 28l
& 2P| gle AR0lle ISEES HESIT, BUiE7ke| ok Table 3 Deviation of Cr and trim according to the
Q01 M3lg 3t 2P} gle FRole 2t 2Ik2 MAlZ ol £ stern wedge's level
2l 9l Xsle| HsP| 2 HOoZ ojAlE= HE Mz =8kelo] I Level's gap
SEEO| = A2 Z JPYsIIct Moliy7|e] Ztzet Zolol| ch Iltem Unit | Wedge angle: | Wedge length:
St FAF AMMo| ME & Zl (Karafiath & Fisher, 1987)& 4 Degree 100 mm
AHHHD i ok ZH (=] o| e[~ oo % (o]
MTHEM Fig. 61+ 2T FARMS| el Mol oI5 AoiX Rate of Cc:hange % 14~19 02 ~ 0.7
EA(Cr)el HalE AHEM FellS2(Fn=0.33)1t =4 in L1
(Fr=0.88)0llA] Aoj#7| ZtEeloll w2 Crato] ek et Rate,oft‘?ha”ge Degree | 0.15~05 | 005~ 0.1
2 Uetdct maik Ztzet Zojo| et mEAtRe 92s ¢ nmm
% ol
2Lt 2 Aol HAM2 Mo|Y] Zize| =& R0V} 4 ohH, fUt=E0| oAfRCl AZni| JHE FIlEe| SMof o
olo{, Zole| == X0|7} 100mmO|E2 Fig. 622 FE 2t =& ot o= ol UX(TH FUIEEC| MSMMLoIAH| stk o
alol e E2 o YoiMEANCel Hsle FHsi = el ior%#&.’m w2t DSEE0| 2 HOR ol
Table 32 Zct 07| ZiT #3lof 25t Crgt ¥ EE H3lE = Moolel Ztzel i FotE AEe Ssioi ERT X5 H
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2ifFER2| =0| J2(1 H A

: 8 el 3
718 MZ Zgkslo] mSARR AFQIKIE ZASI

Ct (Table 3).

3. AMHHES 0|23 MEA

=

Asluz|of HEHI B2}

Table 22+ 20| MA|H2| %".’:.4?_'7(}% TEOZ MYE Fl=

Se Za7} olxje| £52 Al ~ D22 BElof L,(27) Al

Hi x| Z (Clarke & Kempson, 1997; Koh, et al., 1998; Taguchi,
1986)0| w2t MEAIEHE $AHsIFCt Table 4= A1B1C1DT ~
A2B2C2D22| F7I=E0l| thet 2t £=of o Eote Yoix el
(C.)E HEtlct J2|10 MAME EHME FXI0|22 Ho|#

(maker)7} M2t At

ﬁ_

oo xio=
FM 588 M35

047|A1
Fi(v,) DM o, mie] A7 HEATEY (kg/year)
flo) A&, O 2 &8
BHP(v,) : A% v, < 0| 7|2 MZa (ps)

Table 4 DOE and resistance test results

047 A1
G -
Cplv;) 1 M% , of WE T N
np(v;) M o, of w2 Metss
Al (29 ¢ e FIte =gl ulzl Weix| ooz 2ALE

MoflA AMYEl0] Al (3)z} Zo] LIEKH £ UC

3
L f(v;) Cplv,)
F('U;) : : )
UD(U )
HAML| FEIXA= 4chHe| 7|2l M ET L Mat=|od,
Zo| FRE2 2% AElolM TEEH (cruise speed) 55%, Z

L2 (maximal speed) 15%2 HE5HH, 45 Ao HE%
2 25%, =|Ci<E 5%2 A=si Uct w2 ¢EH|R0 24

B R0t2 MEAlS| SHESE 4] (4)2 Zo| L 4 ick

+ Flvg )+ F(v,) (4)
Uy UZCT(U2)
n,(vy) n,(vy)
3 3
v;C v, Cr(v,
+0.25— 2~ 4iCrl)
770(713) 770(714)
o7|M, vy, vy, vy, v, 24215, 23, 30, 35:=E0A2] =

Ch &

= &2 (m/s)

Fy = Fl, )+ Flv,)

+ 0.05

3.3 oi=H| ol fet 2Y FUkE =g 1T

Table 42| MeA|&ZnlE
2 F o MEQIR} =54 F
Z} AlolXjol A SNH|(signal to
°,_|X|- AKI:I:! F o| 6I-O T-

FoIxte| | oEnt HhE » 2 HESI0] H5(9)2 AMSHH o

1p 20| LiE = ATk

Al(Qof MEstH FotE =gl
&F2 Table 5, 62+ ZCk 047|H
noise ratio)2| x| gts 7, A
24 +EE FE y, B e

2

oo N u9|_

Outer array residual resistance

Leost Inner array coeff. ¢ (x107%) Test case
A B AxB C AxC e B) o v, v, v,

1 1 1 1 1 1 1 1 6.078 | 5.961 3.920 | 3.014 AiB1C1Dy

2 1 1 1 2 2 2 2 6.194 | 5929 | 3.876 3.034 AiB:C,D>

3 1 2 2 1 1 2 2 6.207 | 6.005 | 3.922 3.178 A:B,CiD,

4 1 2 2 2 2 1 1 6.249 | 6.072 | 3.963 3.175 AiB,>C2Dy

5 2 1 2 1 2 1 2 6.283 | 5.976 | 3.912 2.846 A-B1CiD;

6 2 1 2 2 1 2 1 6.510 | 6.136 | 3.952 3.109 A2B1C2Dy

7 2 2 1 1 2 2 1 6.210 | 5.944 | 3.896 3.090 AyB,C1D;

8 2 2 1 2 1 1 2 6.383 | 5.977 | 3.875 3.203 A2B,C,D>

Basic symbol a b ab c ac bc d
Group 1 2 3 Group
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Table 5 F values according to the appendage

combination
Append
Copnﬁ;“;;i%i ABiCiD; | ABiC.D, | AB,CiDs | AB.CoD;
F, 18.245 18.229 18.398 18.507
A
Coprgsi':]iaﬁ%i AsBiCiDs | AsBiCoDr | AsB,CiDs | AsBsCoDs
F, 18.263 18.614 18.296 18.410

Table 6 Sum of £, values according to levels of test
factor

Factor A B AXB C
Level 1 2 1 2 1 2 1 2

Sum of #,|73.38|73.58/73.35|73.61(73.18|73.78/73.20[73.76

Factor AXC e D T

Level 1 2 1 2 1 2

Sum of £|73.6773.30(73.43|73.54|73.66(73.30| 146.96
e iAo 2xfet
72
T = — 5
C 3 (5)
Sp=2w5— CT ®)
]
17
Sys Sp+Saxps Sor Sae OF Sp =] Tl - T (7)

i

S, =8r—(Sy+Ss+Sc+Sp+S4 5t Sic) B

=

Table 7 Variance analysis of fuel expense viewpoint

;;S;r S o v Fo | F(0.1)
B 0.0084 | 1 | 00084 | 25 | 853
AXB | 00452 | 1 | 0.0452 | 13.3 | 853
C 0.0388 | 1 | 00388 | 1156 | 853
AXC | 0.0173 | 1 | 00173 | 5.1 | 853
D 00163 | 1 | 00163 | 48 | 853
e 0.0068 | 2 | 0.0034 | 1.0
T 0.1328 | 7

S WS, @ RIRE, V: 24 For 4B SHY FO.1): F-2X
(7 |¢—+1o%)

Table 70llA HRIWR 17, 07 =03 (02 BEFHAL FII2
SHAoIXle| 2t =& WalZ2 AZZol| Xl0|7} gich)g HEsk=
4 %ﬁlat(Fo)Ol FOIFE 10% O[ollA 72 &dol| siE=l=
A= AxB, CE2 UEIGCE J222 WSEE AXBRt &1t
Ct ZAek ool g2 37 71x|22 et 0|22 o]
72| Zt=(A 2Rt S EefMER2| F0I|(B 21Xl WEf
| 201, 2t =glol| w2t A= AH[Z0| Xjol7h Lo HAAH T
fin skeg)el 37| et Fek2 nlES & = Urk

Table 80lA WaArEo| 2|5 Zptg FAet 21t A1B10] %
Zstoz LIEfY, Moiy7|o] Zrt 242 729t S22 |NE

|

2}
x|o| BE X7t =2 Z{0| HAZAH|Zo| JHE Releh Hez

>
I

al

0.

oogir%rgn\'m

—

1

Table 8 F,—analysis of interaction AxB

Interaction A A
B1 36.475 36.878
(Average: 18.237) (Average: 18.439)
B2 36.905 36.706
(Average: 18.452) (Average: 18.353)

ISk Table 9= FEI} QXS] £+FE £ ol Eds
Zujo|of, F o ol MiMoz X g JKle F2 Zt

2t A1, B1, C1, D2olct

Table 9 F;—average analysis of main effect factor

Level A B C D
1 18.345 18.338 18.301 18.415
2 18.396 18.403 18.440 18.325
Gap 0.051 0.065 0.1390 0.090

Table 82} Table 92| Zof2FE] M=H| X
2IE o2 AIBICID2 &, Stern wedge I, Water spray
strip |, Fin skeg 122 MA3IQCE

Szioll 48t 2E

w
N
ﬂ
2
Ap
J

0x
°
o
4>
o
ﬂ
i
I
Mo
P
o
rx
ox
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Table 120ilA1 HRIMERl 1, : 07 =0 (712 AEHR0I9
2t 7 k2 oM glol xfolvt gict) 8 BYsk= 48 &
HZHFo)ol F2l5=F 10% OlHoflA 7|2t& o]l iY== QIXk=
B, C, AXCZ LIEISiCH

et wozkg AXCe F&ut ¢IAL B, Cofe| & Hak=
oixielol| 2 Fek2 7|X[L AUSE Y 5 UCE 0|2 MoK
712 Zt=(A IRhet A To| F7|(C 2lAhe| ZRiof w2t |
tf Szoiof xfo|7t L, SE22f{MIERI2| F0|, EAH T2
37| AR} EEBE FEES nlRA UZE Y Urt

Table 10 Cr according to the appendage combinations

Appendage

nganat%n ABiCiDr | ABiCoDs | ABCiDs | ABoCoD:
Cr 3.014 | 3.034 | 3.178 | 3.175

Appendage

Cg’r‘;;nat%n AsBiCiD, | ABiCoD; | AsB,CiD:s | AsByCoD,
Cr 2846 | 3.109 | 3.090 | 3.203

Table 11 Sum of Cr according to levels of test factor

Factor A B AXB C

Level 1 2 1 2 1 2 1 2

Sum of Cr|12.40/12.25(12.00(12.65|12.34|12.28|12.13]12.52

Factor AXC e D T

Level 1 2 1 2 1 2

Sum of Cr|12.50(12.14(12.24|12.41|112.39|12.26]  24.65

Table 12 Variance analysis of maximum speed viewpoint

f;ff;r S ¢ v Fo | F(0.1)
B 0.0518 | 1 | 0.0518 | 23.4 | 454
c 0.0195 | 1 | 0.0195 | 8.8 | 454

AXC | 00162 | 1 | 00162 | 7.3 | 454
e 0.0088 | 4 | 00022 | 1.0
T 0.0963 | 7

Table 130AM WSAFRO| =M xotg BAMSH 21}, A2C10]
FMzpoz LIEWL} Moo 2ot 2 1128t HAHH 9

3717t 22 Zo| o £xol Felet Hez LERTE

Table 13 Cr—analysis of interaction A xC

Interaction A A
C 6.192 5.935
! (Average:3.096) (Average:2.968)
C 6.209 6.313
2 (Average:3.105) (Average:3.156)
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Table 14 Cr—average analysis of main effect factor

Level A B C D
1 3.100 3.001 3.032 3.097
2 3.062 3.162 3.130 3.065
Gap 0.038 0.161 0.099 0.032
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Table 15 Cr—comparison according to optimum
appendage combinations

Test ontot vien | point of view
Combination A1B:CD» ABiCD2
Fn (i’ifﬁg) Cr( 10°)| EHP(ps) [Cr( 10%)| EHP(ps)

0.345 15 6.077 1,139 6.283 1,167
0.528 23 5.964 4,002 5.976 4,008
0.689 30 3.902 6,572 3.912 6,583
0.804 35 2.985 8,795 2.846 8,555
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