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cone rotor of] A& A 85}0]

A7 (robust design)¥ Z] XA (optimized Design)sH-S H|387]5S Zr= multi-bladed
Zlo] 2 moltt B m2A Eo|A+= Larger the better & EPlo 2 sttt o]E 9J5f.
2787 noise factor of 2|35} A& (variation) F0] 1L AEAKTS (performance) 2 & & Q= A2 5%
4 7}A] control factor & 7g/d% © éiﬂr. 2 23 17 oA Aol 2. o] 3AN Ak, 3. 279 4, 4. &40l Y]
7ER] QIRPE AAREY LY o] 5 3 pFECR Uro] AuH]ES I3t o]% noise factor °F model ° F-%-9] 4of wet
H]od 42 sto] AlEAIRMY] HlojE S Ll é"* tlolgE 7|9tz S/N ratio 5 Al4tstal ANOM #4415 S5l 1.
Reduce the variation, 2. Performance S 172{3t ZF QIAI=9] £&8 AMEHSY A Asty rElS UHS9ith 72/ ANOVA
E5to] mHlo] XA W= (Total Sum of square of Error)o] 2t QIAFS9] HgFaig obH 9kyl control factor 710 == A
2 &A517] sl Interaction plot & AAISICE Opx|9to 2 e} 2 AN siAut tgo] ustA sl Ad-E shof 74
LS AAlsHI.
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Abstract: In this project, the goal is to apply Robust and Optimized design method directly to multi-bladed cone rotor
with flight function. And performance target is Larger the better. for this, four independent control factors are selected
qualitatively to reduce the variation caused by the two noise factors and to increase the performance of bladed-cone.
The result as follows: 1. Seam length, 2. Seam angle, 3. Wing stiffness, 4. Hand grip, these four factors were selected
and given 3 levels each. After that, the flight measurement-time was obtained according to the number of noise factors
and models. Based on it, the S/N ratio was calculated and the ANOM analysis was performed to select the level of each
factors considering 1. Reduce the variation, 2. Performance for the optimized model. And ANOVA was also performed
to obtain the influence of each factors to optimized model’s total variation. As the last step of statistic analysis, we
suggested Interaction plot to check the independency among control factors. Finally, we showed improved model based
on statistic & dynamic analysis
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B: Slope for the ideal function 8 angle of seam (angle of attack)
y: Function (response)

M;: Input signal (i: signal level)

k;: numbers of input signal

T, numbers of combination for noise factor
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1. A & (Introduction)

1.1) Robust Design & Optimized Design

ARl FEoA AR Qe W2 AERES
ohefer &7 (Noise factor)ol A €3t 7|52 8
& A=F A Ao olFA EAH itEs
Robust Product 2t stof, ©xpel M-S FAEA
(Robust Design)2} sttt

J2]1 noise factor o QJ3t WES ZFo A3HA
2004 27t b5t FHAY Hdess DAt Sh=
OAQ1E A7 (Optimized Design)2}t St}

ojfi meAEoNE BHo ¥Es Fol7] ¢t
FARALL Al dste FA Vless DA She
R GA ] W&ol disl olsiisty] sl A= ot

1.2) Outline of the project

7]& ‘multi-bladed cone rotor’ TJX}QIo|A TEO] ¥
& (variation)> £o|TA AFTAIT (P15)S ==
o] =Aolch. wety AES AFojUAL (control
factor)S =HdA 02 MASIY ZF QAT 3 JHR] 5

oz Ukl Auud AZC 11 Aaud B

71202 AEZX|4 (noise factor)} &~%&& vty 71H
A Add2 AdYshR. 544 dlolgAlES &8 SIN

= 3
ratioc 2 L5ti 0|2 EC|Z ANOM, ANOVA BAS
A883YTE. SIN ratio @ A% (V)0 tHet ANOM graph 2
Z1Eog ZF Rttt EA QR AR AA
A|A wdlg gks9ich 121 Interaction plot & £5
Alo1IARS Atele] =£33782 &Rlsklnt ol AR

L 6] =2
et sjde ol PYE 2w Atk
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1.3) Material & Initial dimensions
L& WZ|, =
4 cmxbcm, S04 471, 29E

Ef: 14 cmx 14 cm BE2iE]

2 87,
|E2Y [Lh

A-4 84|, £H|0]

2. P-diagram & Signal

2.1) Noise factor

4SR12t (noise factor)e AHOE £ Qe QAUXE
CHFSH 3t 2 oOjgict, O| TRHMEM = 229l
A2 Human factor (EN&, 3|&, 31=) M| Apat

Rain condition (RHRH)CE ZUfOCOH LAZXA2
2972 2UL 0| 2
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2.2) Selection of control factors
71E9] ARl

Aol e1X} (Control factor)s E-dA0Z

3, =ejAlor AFAt s &

ES 4
T A
FEO=2 o] AojIALS AAsith. Add &4

Q4 (Design factor)o|A] 4 7}A]
R

(1. A, 2. g0l 3. f-54F, 4. 271 H &)
Qo] 22| JHAFZ Cone rotor Off HrY5H7| 95

2| 2B siFEHE Aoda 2ESES LUEIMH.
dgjn SR+ factor)of QJ3t H=
22 St A|ZAlZE (performance)S

Myt 2= o2 20

(noise

(variation)& Z|

Zojststs a5
1. O|ZAZO] (M),
2. O| 2 Zt (Y= 2}0|, S = HISGH)
3. F7He Z= (Stiffness)
4

. &20| (Human factor 1121)
9| 4 | HO|QARE MEASH 0| QL Ched
o|SAf Zol= 3 HHL H
£ 5 AGAZE & U1 O|FM A

¥
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ol _[.,_|_
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=
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TESM0] HIFA7F HEHO2 23 Al =
= A EotE Ao ZUHY YE= RPZRUAM
207t Ao dES /AE + WA E AoH.
ORA|Rfe 2 £O0|= AMFO| HIYAHE == HAH2IE
FYSH ot e s E¥ + US AoIH

2.3) Input signal (Signal factor)

7|I2M 22 Input energy JHES 2 ALEEHD. O

Z2MEME HYAE B L= =0| (Potential

energy)OI Signal factor O|{ 2m, 2.8m, 4.9m A
FoM H™EE ofH.

2.4) y (response - flight time)
AFEE0! AIF0 Biets 7S (880l s e ot
DZ2AMEOME H|3HX|Q H|8Y X|7t (flight time)O|

response O|LC}.
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2.5) P-diagram (Parameter-diagram)

L5 £78% 9 712 RHY 27| YO o5 B
@ Noise factor i Zﬂ*'ér%q
I - Human factor
- Rain condition
Input signal Output response
B 4. Test Results

Quality characteristic

(Heigho) m

Bladed cone

Table 3. Test results (reference state)

Control parameters (factors)
- Ol8A

® gj](%é;r;& 1 13z 1255 09 1 13 1325 14ls 1 218 2055 2165

= EQOI 2 11s 0.98s o.7r% 1225 132s 1295 2 1.88s5 n 138s

I:igl 1 p-diagram for multi-bladed Cone rotor 3 0.58s 0.93s 0.96s 3 1.35s 132s 1.19s 3 1.70s 187s 1655

4 wzs 09s o B L 1aes 1068 4 18 ams 13ss

5 1055 psas oS s L3 13s 129 s 205 201 1365

OF A A'I I' W 7FR| % o]z 12| ZF2O |Z = | 1285 1005 083 5 13 1125 1395 5 205 185 195
o 1 = -Il r | 1|O1 rgr 2 |- | H o |-E 7 116s 1.00s 1.055 7 1.33s 125s 14s 7 2.025 2118 1.96s
EEHE P_diagram % l_r ; 9*.”:'_ J-E:‘]Igl E%% InpUt 8 oses 1135 095 B L 12 1ss 8 1ees 191 2.04s
s Loes  Lam 1am 9 Lass 13 145 B 25 aam 2ass

Signal Ol %0" 2% Z-” O‘I (I)_l ZI-O-” 2' EH response 7|- EEJ— (Origin) 103 1125 1065 (Origin) 136 1395 1435 (Onigin) 201 2085 2025

22| 2 SA|0 ZSARI0| o5 SEAHO| AH 7|

54 STOM AlYOtCh HR[7F A7

1 0.58 1128 1038 1 1.368 1.208 1385 1 1.85 2035 2,038
2 0.995 1065 1075 2 1235 13 1395 2 198 1785 195
3 Ortho On aI arra tab Ie 3 0965 138 1125 3 1265 1218 118 3 165 184 L5
5 128 0.928 1128 s 1.358 1.268 135 5 208 10 %
Table 1. 4 control factors & 3 level (s) s
1 Level > Level 3 Level B 1115 0.985 1135 7 L3 1255 17455 7 195 1965 1985

olSA (<720l iel) Y Cover %2 Cover 1 Cover * - e e ¢ o - - : e v
oSN ZE () 20° 25 50° 9 1135 106 0.9 a 1.295 1255 13% 3 2,055 2035 2.025
ol o o 1 3 (origin) 103 0.525 0ss  (orgin) 1325 1185 13%  (orgin) 1385 1515 1978

Stiffness (Z) 1 2 3

Table2 2| Orthogonal array table & 7|2 =
#9| Tablel oM Yl 7t&| Z+ factor Of Cfst M| 7t Table3 £ H|7} 22| 92 reference state Of CH3|

| AZS LIEFYQICE Table4 = H|7[ 2 rain condition Of CH3 M| AFZO|

Al ZFA| Input signal (2m, 2.8m, 4.9m)0|A] 10 7}X|

Table. 2 Orthogonal array table

OlZM (ratio) OlIFM Z=() ZEOICN)  Stiffness () 2ES LR 2RO,

1 Y4 Cover 30° 0 1

2 % Cover 45° 1 2 ] .

3 44 Cover 60" 3 ; 5. Static Analysis

4 v Cover 30° 1 3

5 s Cover s s ; M Aato| o9& Mg E CIo|EAE 0|85t &4

6 ¥4 Cover 60° 0 2 A FME 5t 2 BES M- st= AYoln

7 1 cover 30° 3 2 . _

8 1 cover 15 0 ; 5.1) Dynamic S/N ratio & S (slope)

’ ! eover 60" ! L Signal to Noise ratio 2 2AZZ AlS CHH| 22 H|
i : : 22 QUisith 5, CH| s Z9 W 20| UG

Ol = &5t Input signal O] ¥OfLt & HEFL[O] 7|

Table 2 = Z1i’d (Orthogonality)E ©|&5I0{, U B}
o 2 SH=A& Hl&&2 UEH 7210 S/N ratio 0| 1

712 AojQIArt SUAo|EE JpHoL F4HQl 2

or



4 Tae. H. Lee (©] B &) A At

fE

S/N = 10log(%) = 101log '»fsz) )

5

B (slope)2 ZF ZHIOo| 3| YAl (ideal function)2| 7|
=715 0|t 22 AHSAIZEH 50l Ot
87t A ®B7F O

MSE = Mean Square of Error & 22 3| HA O
2 JTSIR| Zote HA HO[E{Zfute] Zfolof| CisH
MFsto] WA 2 DI O|%e 2WY wE
(variation) 2J0|atC}, kM S/N ratio Of Cisf &

A% sid EFr A CjH HSHIEY A0S 4%

[ —

5.2) Ideal function & £ (slope) for each model

B (slope)2 g0l Hier B7F A/ &7t HEH. 9 71|

DEo| o3t Ideal function It slope & CH21f ZC}.
Model 1 Model 2
25 25
PRLYTYEN
2 - 2 /:04067x.;
R
15 15
} 1
1 1 !
0s 05
0 0
1 2 3 4 s s 0 1 2 3 4 s 3
Model 3 Model 4
25 25
: yeossed 2 y=0a1.}
g i H
15 15
i . s
[ e 1 EIE
.
0s 05
o °
1 2 3 4 s 6 o 1 2 3 4 B 6
Model 5 Model 6
25 25
5 y:l)‘lii?xi 5 v=04277¢, 2
15 A s .
.
| ?
(o * | B
05 05
o o
1 2 3 4 s 6 0 1 2 3 s s
Model 7 Model 8
25 25
2 U 5 ‘/:unruax_'
15 t 15
b .
. . :

7| A& 3

Model 9 Model Original

reoson 3 -oaser

C
om

1 2 3 4 H 6 0 1 2 3 4 H 6

Fig. 2 Ideal function for each model

Table 5. B (slope)

B1 B2 B3 B4 B5
0.4449 0.4067 0.395 0.41 0.4337
B6 B7 B8 B9 B (origin)
0.4277 0.4369 0.4248 0.4441 0.434

5.3) MSE (Mean Square of Error)

MSE (Mean Square Error)g OHZidl 22 Ao=2
TEE0l AL, e #5H7] s BRst AES Al
AlH E9sct.

MSE = —ov ZZ M)? — (2
nk_l ?’bk—l (:hj 18 ) _[)
i=1j=1
58S, = 88; — §5; — (3)
E o
SSp = > ) i) — (4)
i=1j=1
S5 — [:EA_J.Z Mf vi_l) [:E_J' 1 J) _ (5)
B r T
k
r= TUZM'EZ - (6)
i=1

ro. numbers of combination for noise factor
M;: Input signal (i: signal level)
k: numbers of input signal

(r0:6, k=3, Mi=2m, M,=28m,M;=4.9 m)

SAHMLZ SSr = HA| Ho|E 2L RF50l| Cet
o|0|stH, SSg = & YA (Ideal function)2 24
£ Qe HEE 9O0j5tH, SSy £ variation &2
UM MUER| i SES UERHCH Chaty
MSE = SSy & AQEZE UEZfe=Z A Oo|g
72 oojsiet

5.4) S/N ratio Calculation & result

mjo

(=13

hu of o

U

fon

variation &

AL (2) - (6) M= Ol-&sf0f Zt EHO| Oigh MSE
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o = o = H (=} = = = =
WS Aot (MY S 0|85t 2t Z-Ol S/N ratio & =M & ot7| 9o d2fZst of0 CfZik ZO| LtEf
5 [ o HM O =
75 ZWe ogut PO Lol #42 stk
Table 6. S/N ratio result for each model ANOM - (5/N, 0| &M Ratio) ANOM - (Y_bay, O 4 Ratio)
s
Model Sst Ssh SSv MSE B (slope) S/Nratio a /_—_-_e
6
1 432136 4257782427 0635775732  0.037399 0.4449 7.236698
2 362123 3558496105 0.627338954  0.036302 0.4067 6.51495
1s
3 306001 3356532264 1.034777359  0.060869 0395 4.087962 o s
0s 0s 1 025 0s 1
4 36.7233 3615503007 0.568269926  0.033428 0.41 7.01462 o et
5 40.8937  40.46470026 0.428999744  0.025235 0.4337 8.723707 Flg 3 Seamratio (ANOM anaIySIS graph)
6 30886 3034657373 0539426272  0.031731 0.4277 7.607953 o = L . — _
O|ZA Zolof Htfsir= S/Nratio 2t Vo cys =
7 415746 410628374 0511762603  0.030104 0.4369 8.021445
8 393299 3880782531 (0.522074686  0.03071 0.4248 7.690853 Lt 34F0| 7| 20 3402 MEHSIY LY,
9 44832 444442149 03877851  0.022811 0.4441 9.368193 . = -
— Ratio =12 Z74Z20|2t 3¥F 5ecm 2 MYstAL.
(Origin) 409476 4051155649 043604351  0.02565 0.434 8.658986

ANOM - (S/N, O| &M Ztx) ANOM - (Y_bar, Ol &M Zt )

5.5) ANOM analysis (S/N, ¥) ! u

99| S/N ratio ZIFZIr A0 ol Fafzl HZ
AlZtoll TSt ANOM 2t 1%F Zit= B 20

Table 7. ANOM (S/N) Fig. 4 Seam angle (ANOM analysis graph)
Ol2M ZHEE SN ratio & 242, o 1 4xof 7t

0.25 95946536639
0.5 7782093408 =
= 7 =
: 5300163716 Y = SHRIRE Y7F 2 +F0|M SZStER 9f7to
OISM (Angl ANOM(S/N . = =
e - S/Nratio & £3{LE{ZE 1 £2 MU
30° 7.42425404
45° 7.643170148
60° 7.021360575 ANOM - (S/N, &T0| 7 ) ANOM - (¥_bar, &TH0] 7H)
&80l @i ANOM (S/N) . =
0 7511834718 b
1 7632587742 £
3 5.944371303 i, £
stiffness () ANOM (5/N) 8
1 8.44286623 !
2 7.38144334 . . T
3 626427819 Fig. 5 number of handgrip (ANOM analysis graph)

£70| 4 E3H O SM ZHES; 22 0|2 24F

Table 8. ANOM (_17‘)

oM V7t 275122 9F7to] S/N ratio 2 232t
0.25 1.405555556 E 1 _}I\__i_% t%gfﬁq
0.5 1417777778
1 1.468518519

Oo|FM (Angle) ANOM () ANOM - (S/N, Stiffness T) ANOM - (Y_bar, Stiffness T)

30° 1443518519 . G\
45° 1416111111 !

60° 1432222222
=0l @) ANOM (¥)
0 1450185185
1 1419074074 ; ' .
3 1422592503 . )
Fig. 6 Stiffness (ANOM analysis graph)
1 1484814815
2 1425 HIHo] Ao AL S/NratioQ} ¥ E 01420 &
3 1.382037037

7| 2o 14F02 MBI
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5.6) Optimized model 2

ST= Y03t O] SS12 U0l HiE
Table 9. Optimized level for each factor o

T3 e oren Zo
O] 2 M ratio O] 2 M angle EFO] 7= Stiffness 73
11 30° 0 1 SS(ratio) SS (angle)  SS (ETOI) ss(A)
Value 18.056 9.529 0.597 0.811 7.120
Percentage (%) 100% 52.78 % 3.30% 4.49% 39.43%

Model variance (TSS-error) — 100%

4 N

Ssratio
52.78%

SSstiffness

39.43%

SShandie
4.49 %

N

Table10 2} Fig.8 Of| A= A|O{QIAtOFCH M| O
HESF (variation)of| O|%|= F&FS Y25t A S}

Sf0f AA|StRAT

Fig. 8 ANOVA influence percentage

Fig. 7 Optimized model

Table9 = Zt Ao{QUzte] 2 XetH ~F5 BE

25t AAlSH =AU ANOM 24 ZIHE Ol F

M Zol'z g7 ZolH|et 22 5cm, OlgM Zk’

= 30°, &0 = 07, "7 F'2 =34

st2to 2 stQICt 1281 Fig.7 If 20| X35t 2w 6. Initial & Optimized model

Model Original
5.7) ANOVA — Parameter sensitivity

ANOVA, 2AHRM O =Haj g I FAL0|Q] t0|7} : '
HE9o| At (MSE)2 H| (ratio)Z H|WLSH0] (F-Af 15 e
o9 2|2t BEEA Af0|9 {2 S H|Z) F-test & : Lot
S5 SAXMOE Qolujst B 0|7 UL O
ol YH2E A AU
# models o 1 2 ; . ; .
Total 5 = Z (S/N; = S/N)? = (7) Model Optimized
#levels 1=t 3
Sy = Y (of exp.at 40) (S/Ny — S/N — (8) = -
i=1 : :
Ol ZRMEOME o F Mg 08510 % 2 R o
W (E2)9 M| HEZ (variation)of TH3{ ZF #|of ! -
A2t £Z0ICIY WSO FOR LEGICE 122
AlofoIztoicte] Bag Aot S5 RE B2 P —

C|O|E{o] £HEZF2 O|0|5tH SSp= ZF | 0QI X0 Fig. 9 Ideal function (Initial & Optimized model)
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Z7| 2T 2 HeE HHEe d5d £H, oEH
(H3S)S SHOM H|wstAL. Fig.9 = 7|2
AR H9| ideal function & LA|3t Z10|C},
LEfUW= o B1E5S
LOrEY| Yolf EEHZIE G2 ZO| AHASHUL.

Table 11. Slope & Standard deviation

i

i

!
b

0|0 i3t Zt performance &

Borigin 0.434
ﬁﬂpl‘imi’zed 0.4821

Std grigin 0.419139
Stdprimized 0.490161

Table11 Of M2 27|2HEC XHEWo| B 7t

0.434 OfA 04821 2 Z7t5tH o0 2 Moo skAtE

chn W %* = ULy SHA[BF FA|0| BFHZIZt
|

0.419 O|A 0.49 2 Z71510] HE (variation)of CH3t
dae O|FZ| %a%q O|&= ANOM ZMOjM <F7h
9| S/N ratio & E7|5t1l ¥& =0|= 4£ZF2 MESE

Z1p UTHALESHCE

[

6.1) Probability density function

PDF Optimized & Initial

model
Inital
optimized

Density & Count

11 12 13 14 15 16
Flight time

Fig. 10 PDF (Initial & Optimized model)
Table 11. Dataset for initial & Optimized models

Run# Initial (s) Optimized (s)
1 1.1 1.51
2 1.2 1.39
3 1.09 1.45
4 1.29 1.38
5 1.23 1.38
6 1.16 1.58
7 1.23 1.38
8 1.23 1.52
9 1.15 1.45
10 1.23 1.39
11 1.19 1.32
12 1.12 1.58
13 1.29 1.44
14 1.15 1.45

7

15 1.15 1.51

16 1.26 1.44

17 1.25 1.45

18 1.2 1.45

19 1.25 1.52

20 1.15 1.33

21 1.16 1.52

22 1.2 1.58

23 1.25 1.52

24 1.22 1.46

25 1.15 1.44
2|2 IOl HEULSILE TAISH|Y
of 2.8 m &2 YZ|MM Z2 25O ZF 25 M A
S3tYLCt. 1 ZWE Table 11 of A5t Ct 18|10
Table1l & 7|dto2 SBULSAE TASI5H Z0|
Fig.10 O|tt. B2 AT 2401 37t AE

[e]
sto| &F A OJC}

7. Interpretation (Discussion)

7.1) Discussion of control factors

Zb Aojdrr S0ty 2712989 YR LEEH S

S B A, S 2. 90 MR HAE 5
T

1. O|2A ZO| (O] 2M ratio)

Stepl. Selection of control factor

Ol Zol= AH 3
A L= XSt OJ%;’S% =¥ 42
.

Step2. Statistic interpretation

@ o

ANOM - (S/N, O Sl Ratio)

NOM (5/N)
ANOM (Y_bar)
EREERERE
EhaEGEES

025 o5 1 025 05 1
Level Level

Fig. 3 Seam ratio (ANOM analysis graph)
Fig.3 OlM S/N ratio, 70| CHsHA 1LZ&{ EOrE Of
=M o7t St & 2ol 2. Ol=
2ol oJsl A FAIZFO] ZOjR| L EEHOf A
A SEAA GsthD e HEl2 oryz
SHAl HE 20IgtH.
Step3. Physical interpretation

S71A
ste 12

of

ks

o
o

tu
AL

1
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37| M3 (Drag force)?| A2 Ch&df 20| LfEf
1 2
Fp = 3 Privia V CpA—(9)
2™ LFAIIFM A (area) HHOZ ZFH F7|
=]

5| 43T 4 A

Fp(distribution)

Fig. 11 Force distribution diagram

48 Fig.11 2t 20| 3je| £2

Hoz Wststhy, ZuH OS2 S/N ratio oF ¥
2. O| M Zt= (O] angle)
Stepl. Selection of control factor

OIS MS ZEL 0|0 o3H U

—

Lift force)

9 Q5559 Wt o3t HULSES WO
TAZT oMYA BE Z7hE HOR of4rstact

Step2. Statistic interpretation

ANOM - (S/N, O| M Zt ) ANOM - (Y_bar, 0| &M ZE)
M\ : \/
1435

Fig. 4 Seé;n angle (ANOM analysis grap;h)

Fig.4 oA S/N ratio 2 2 £F0M, 72 1 =F0A
71 =AY Stepl O|MY oY Zifer= oL
A 7| S/N ratio &
Step3. Physical interpretation

Bernoulli equation

1
p+ Epvz + yh = Const — (10)

Continuity equation (Reynolds transport theorem)

d
—fpdlf‘—i—fpu-ﬁd;ﬁl:ﬂ — (11)
at cw Ccs

my|5tD 1452 ML

Fig. 12 Streamline around seam (or wing)

Bernoulli equation (10)2f Continuity equation (11)
of o ojgAMel Zt=o mIE H=HS SHMSHEH
Fig.12 2 ZCt. Continuity equation 0| 2|5tH, 85
UFO| ZOIoF ot LE7F 25 & |FYO| ZOrof

i=3

roh

Q = Au(m?/s) — (12)
= A (129 /T Q7F LE8HOF &t &5 us
A A ot ZFEfX|H, W 2501 4 (10)0 25HH
Lo maf Y (static pressure)O| ZEfRICH

O|F Fig. 12 0| H&=ff £H, 1 #H 27k (Nozzle)9
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8. Interaction plot

8.1) Interaction plot (reference A)
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9.2) Improved model

Fig. 15 Improved model schematic
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