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4o F8 AFg (el Ax 1)

Event INE=T())
HI =L
I BH(s/C) Y =
g3 HXI(K/L) ) k=] PR
A -
ZIZ(L/C) 124 M= LMJ NZ o]
QI (D/L) 141 389 AP
283 R

C

D/L
oIz
[ ome (wae) =
(BOM/F (M-?—I'._*EI
ae | Mg
Ao Hal

* S/C: Steel Cutting, K/L: Keel Laying, L/C: Launching, D/L: Delivery
* BOM: Bill Of Material, POR: Purchase Order Request, QA: Quality Assurance, QC: Quality Control
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LR

O

(Ship’s Type)

B Ij2}=EF(Deadweight)

m 3}= 8% (Cargo Capacity)
@ Cargo Capacity: Cargo Hold Volume/ Container in Hold & on Deck/ Car Deck Area
® Water Ballast Capacity

2=
m =3 (Speed)
@ Service Speed at _Draft with _Sea Margin,_ Engine Power & _RPM , DFOC (Daily Fuel Oil Consumption)

I 8! =2 X|¢h(Canal Limitations): Panama, Suez, Kiel, St. Lawrence Seaway, Port limitations

(¢] §

"2
B X|C{ 2=(Max. Draft)
m A7 28 F (DFOC : Daily Fuel Oil Consumption) : Related with ship’s economy.

B Special Requirements
® Ice Class, Air Draft, Bow/Stern Thruster, Special Rudder, Twin Skeg

m olx 7| (Delivery Day)
® Delivery day, with ( )$ delay penalty per day
® Abt. 14 months from contract

m M7} (The Price of a ship)
® Material & Equipment Cost + Construction Cost + Additional Cost + Margin
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3. 224 Rules & Regulation HE

B International Maritime Organizations(IMO)
B International Labour Organizations (ILO)

B Regional Organizations (EU,...)

B Administrations (Flag, Port)

B Classification Societies

B International Standard Organizations (ISO)

2009 Spring, Innovative ship design
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Rules and Regulations - IMO Instruments

M Conventions
Bm SOLAS / MARPOL / ICLL / COLREG / ITC / AFS / BWM ......
M Protocols
B MARPOL Protocol 1997 / ICLL Protocol 1988
M Codes
mISM/LSA/IBC/IMDG/1IGC/BCH/BC/ GC ......
M Resolutions
B Assembly / MSC / MEPC
M Circulars
m MSC / MEPC / Sub-committees ......
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3 A rules & regulation HE
Y
A 72 Kl M3
S TR
Y
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(@ Archimedes’ Principle
D 8 F0 Y= SHE 2
=H|0]| 2|5l HiH|E A2

SYoh3 232 W

n

w

: Mto] Hhe w2y
Wi 2 S|

(displacement volume: m3)
tRHe e
:EHIISE
o HIFIE grlol S
(displacement : ton)

Doy <

FB = ng 24t S jarers

o2 st 5B

ojuf , ng§ “Hj $=Z¥(displacement)”
2t St Cr3af 20| E 3 Shot.

paV =A,
mpatd 223 = j$2olct.
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= a1 roy
28 ST HAILE
MEE= Z
ng =Mg ---(1)
(L.H.S)
P9V =L-B-T-Cy-p-@ (1+ )
(R.H.S)
Mako| EAE Muk XpNel FAH((LWT)eF Muro| [z d2 = U= 2= FADWNE L+0 &
&8l 2K}

— LWT _|_ DWT *A K| DWT£= Payload(2t=2| FH|)+ Fuel oil + Diesel oil+ Fresh water +etc. 2

S50 /ULt

(L.H.S)=(R.H.S)

L-B-T-C,-p-(1+a)=LWT + DWT ---(2)

(8
€
CJ.; T.DWTQ| £t
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(

)bl =32l thHel

Hlj =2 (displacement) : 8|7} FH[50| FA AS W SH 7t df =]t

A2 = [ton]
: HiA| =l 2 )

. Ox-“OI I:IIE

-1 p/ 1

tHiME FHIel S
(displacement : ton)

Daox <

- (2)

o

Eo_t

ZHH2 HY

1
mjo

olm A £ H{FHIE Q40| RS LIEHHD [Mg]l(mega gram)2| TH|E JpzICE,
Qo] LWTQ} DWTE ZpHa} 20| H2tg LiEHHCE.
EMEOLME YEHHO 2 AS B4 0|atn Bt

A= 2N 2= 2EQ THRIO|X| 2, =HU M= 7II?_| AME F=etCt.
matd A e AAE OE Ad ETEE g& =SHM A Lt OF StCt.

(displacement volume: m?3)

H7t5kE g2 L+0] & At Zrt. o] &S Act g2 ShA}. =—
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Me F@ X$(LBD,T.Cy) Y BHl 3y 2y

M 2= (Buoyancy)-S 3 (Weight) 3 =H <=2| HE

| -

\Y

L-B-T-C,-p-(1+a)=DWT,. +LWT (2

given

D 27 SHEH 8 Vi ., <HF 27N>
ol=d 852 LB,D.C2| gt SHAL.
= f

(L,B,D,C;) ---(3)

Given: DWT,T

(MEQIRXH)

Find : LBDC@

0% S(LB.D.Co)7H, 4] 274 ((2).(3) ) 2] HI M
< ORI STE 27HE JPYSHR HIME WHAS
R 4 (22 SHO| FOHO} WP & & QOB 2 IWTHE Jhysict
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Mt F=8 X|=(LB,D,T.C) 878 ZH el =X nd
-LWTH7 ditH- (1) DWTR} Displacement H| 22 =8

S & (Buoyancy)-Z&(Weight) & = <=2| ¥3> 27 3EEY Y <UF 2FAIE>
L-B-T-Cy-p-(L+a)=DWT,,, +LWT ---(2 Vi g = F(L,B,D,Cy) -+ (3)
Given: DWT, T L
;:f dR:*EE’B’ D.C.. CK.?} LWTE Of A 7HE & USTR

HHH @ : LWTE 7|=MO| Hj$ 2o S HE =X

7|=/92| DWTL} Displacement H|22 HA| M0 20| HE5I0 A M| Hj+=FF=S FHsiC|

DWT
DWTB _ given RN A — i . DWTgiven
A, A DWT,

Of2i = XIB : 7| =4 (Basis Ship)

L-B-T-Cy-p-(l+a)=A --(2.1)

0]X| 4 47H(L,B,D,Cy ), A 27H( (2.1),(3) ) o] H| MY Sgubw 4]
= Bas| B2 8|7} ct. mat 1 SiE MFsks 7| =0| QLojof k.

2009 Spring, Innovative ship design
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=& or9| 0f]: 4= H|(Building cost)

2N 84 (5R X+ 8 I|F)

Building Cost=C_. -C,-L"*(B+D)+C,,-C,-L-B+C,,, -C,..-NMCR
=C, -C,-L'°(B+D)+C,,-C,-L-B
+Cpy *Cpoower - (L-B-T-Cy)*°-V?
[ Co. S AT BE K2 |
Cro : AZF HIE 2B 3% |« AN dataRPE TH 2t
| Coy 12122 HI8 23 A

l

2009 Sprlng Innovatlve ship design
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=l

AStA ool

Mt F9 K3 2W 2H Q| S8

L]

-LWTFEH g (2) LWTE L-B-DOj| H||$tctn 7
S & (Buoyancy)-Z&(Weight) & = <=2| ¥3> 27 3EEY Y <UF 2FAIE>
L-B-T-Cy-p-(I+a)=DWT,, +LWT ---(2) Vi g = F(L,B,D,Cg) - (3)
Given: DWT, T 1
MF 23x4) AR

€
‘;f} LWTE of 87| 7et 4

Find: L,B,D,C;!

HiEH ). ZHASI=2F(LWT) 0| L-B-D(AMH|2] Volume)Oj H|d|stCt 7}H

LWT oc L-B-D
LWT :CLWTL' B- D; CLWTE ZIEMo 2R EH

oot

L-B-T-C,-p-(1+a)=DWT

given

+Cyr-L-B-D -

(2.2)

matM ojx|$ 470 (L, B, D,C; ). A 271 ((2.2),(3) )2| H|MH

<M BN O SH B4E 228 (ex UTH| 2L3hets 2F
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HE X AL ZdX &2 ol A (||
M F=2 X|=(LB,D,T.Cy) 28 =X =X
LWTEY W 3) LWTE MZS2 W, o253 W, 7|2tk 53 W, o= yEsl
£ 2 (Buoyancy)-Z & (Weight) & =7 <=2| 3> 23 3EE 8 <HF 2 A

L-B-T-Cyp-(+a)=DWTy,, +LWT - (2) Vi = f(L,B,D,C,) ()

Given;: DWT, T L

% 2252 LWTE ojH 7HE 4 U8

Find: L,B,D,C,, C;fz AEA *

HEH (3): ZASIZEF(LWT)S MZFSSEW.  O|XF=aEbW, | 7|3HE =2tW, oz ME3
W, oc L“(B + D)” 2t JkE0td, W =C.L“(B+ D)”
C.,a,f =248t AHMO| pataE HIEQ Z Regression analysisS S0H P& 4= ULt
4 &4=(Logarithm)E HH O™
InW;=InC+aln L+ fIn(B + D)
Y 'Ab Xl X2
s, Y =A +aX, + X,
XMl CHoH Xl' XZ' Y. JHEOIL, APt ATt &= 8HE A0HH CS , O, ﬂ g A% = UL
K i1 '

oot amug motol Hast z2n C, a0 =1.6, S =19 zo0l usgitt

2009 Spring, Innovative ship design

~W, =C,L**(B+D)
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AN AL = AD o
-LWTHEH 2; (3) LWTE MZASZEH W, oz W, 7|8 S W

22 (Buoyancy)-5 ¥(Weight) B =7 <22| €3> 27 BB 88X <MF 2TAY>
L-B-T-Cq-p-(1+a)=DWT,, +LWT ---(2) Vi e = f(L,B,D,C;) -+ (3)
Given: DWT, T 70
T 2222 LWTE= o{ B2 7H% + 871
Find : I—,ByD1CB1 i% N

HHH (3): ZASFS2E(LWT)S MZES2FW,  O|XF=aFW.  7|TE Z2FW, o2 ME3

W, ocL-B 2t JF80Hd, W, =C,-L-B, Co=zsczsuaa

2009 Spring, Innovative ship design
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A4 F8 X+ (LBD

I
-LWT-’FJg HEEH- (3) LWTE MZE= JW I’“"E* W,, 7| 8t5 S

22 (Buoyancy)-5 ¥(Weight) B =7 <22| €3> 27 BB 88X <MF 2TAY>
L-B-T-Cq-p-(1+a)=DWT,, +LWT ---(2) Vi e = f(L,B,D,C;) -+ (3)
Given: DWT, T 70
T 2222 LWTE= o{ B2 7H% + 871
Find : I—,ByD1CB1 i% N

HHH 3) ZASI=2F(LWT)S MZE=a2F W, o] Rb=aFw,  7|3tHE =2t W o3 MB3s

W, o NMCR™ ata srsora, W =C_-NMCR, Cieizuezse a
*NMCR :0HS AIZI0] & = A= XU QIF 2= M A0 TJ)|, FH|, X X J1AH2 J|=0] L.

'!':

§ NMCRE ol FHEY

2009 Spring, Innovative ship design
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(@ EHP (Effective Horse Power)

EHP = RT (V)-V  (In Calm Water)

(2) DHP (Delivered Horse Power)

EHP
DHP=—=—" (7,: zuz8)

U
(3 BHP (Brake Horse Power)

BHP =20 () smz as)

Mt

|
I
I
I
|
I
I
I
|
I
I
I
|
I
I
I
|
I
I
I
|
: ® NCR (Normal Continuous Rating)
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Sl K (R(v))

Sea Margine

NCR = BHP(L+ )

(5 DMCR (Derated Maximum Continuous
Rating)

NCR
Engine Margin

DMCR =

® NMCR (Nominal Maximum Continuous

Rating)
NMCR — DMCR

2009 _Spring, Innovative ship design Deratlng rate
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I
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e | g
rx
02 | 4

C|wAzIo| 54

B

44
=

2 Clguze| &3
BHP:Pme'L'A’n'Z Power

0§ 7| A, BHP: Brake Horse Power(kw)

P : Mean Effective Presure
B FE L KN/ m)

L:
A:A-Y ©HE A (m?)
- - (3
n:v 23 A4 (1/s) bAoo‘“
Z:A-AHS$ Engine speed

(rpm)

Min max

BHP — CDE . F)me N =75% max

O|o= CIAATIS &2 CIAAUTIS 2|H,t Had 72 YH HHE
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C|™AlXIo] EA(2)
=B LL-.— | O = [zzmy xe x4
o . Il
-C| 2Tl +F H 2| (layout diagram) A
e % = 8= (logarithm)E H™
A
/
Power, % of Ly L,: NMCR(Nominal Maximum Continuous Rating)
110% -E-NMCR-DHSH QUXIQl W 4 Q= X|[} DI o= M
= XOHTH e alL 1HoL U= |
= WEOL 3T, FHL EXR X IAATIES 1 _|\ud
100% £ L1 NMCR
= s
0% £ o «oe® /
= A
Enginespe g5, _E /
(rpm) - L,
- 5%L,
70% —F
-~ -

min max

| 7 |
o, 02 // L

60%

FTTTTTTTTTTITT

_<ID_
S8 A HM |-, L,-L,il
3 M L-Ly, L0l OJoH RISt

. Ry, Ry, Ry, R, 2 BEQIOI, i C2AX O 2 oA

\

1n
o
e
03
ot 05
ra

—

B \

Sulzer AIXIO] A

o Agl 1= XIA
pay l':'; ol T S 1L
R1E NMCROI BHEIOHL, R, =Ly, Ry = Lo, Ry =Ly Re= L& T Q127171 191 ZIM)OZ HAIE
40% ! I I [ ! I | ! I 1t 1 | I ! L1 ! I
70% 75% 80% 85% 90% 95% 100% 105% 110%

2009 Spring, Innovative ship design
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ul_E:' x4 QI(Z) O [} % 012 33
- - $I DEEY FQ NS
l o iz = ol L J
-CIEQIZTIC| 2t HRQ =2 He S 2 oo g
Power, % of L; M : Specified MCR for propulsion (DMCR EE= MCR)
T = 0.15 e ————— S : Normal continuous rating for propulsion (NCR)
120% 7= O=02 NMCR) 9 42 Oj=e aXl0] B8 &stls 0y
1 =0.237=0.3 ( ) P : Propeller design point
100% —— 1 Curve @ : Propulsion curve, clean hull (light
1 running)
Curve @ : Propulsion curve, fouled hull and heavy
90% weather (heavy running)
4 HR : Heavy running
LR : Light running
80%
T | . .
Engine margin S = 90% of M
70% ‘
|
T L, ySeamargin 15% of P
60% T
1 NMCR-> MCR : Derated MCR
50%
40% | | | | | | | | Engine speed, % of L,

1 1 1 1 1
70% 75% 80% 85% 90% 95% 100% 105% 110%
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M4t 7@ X|4 (LBD,T.Co) ZH BHQ| 435 2

W _=C_-NMCR
NMCRE FE0HI| H0HM= HHX DHPE 2010k SHLE.

DHP= XS S OF2 XS S0l ZX0H0F oLt
£J| LHUIME H2F(Calm waten)®| DHPE (120 JHE S0 WMoz Zxet & U

DHPCaImwater et A2/3 'Vs clil JPng DHPCaImwater = CDHPAZ/3 'VS
1 .
0|, —— =C_, ci 0tal “Admiralty H|=="2t1l StCt.
DHP
A2/3 °V3
C . =
“ DHP

Calmwater

- C X AP xVvE 2 010 HIHIOI2 E AdmiraltyHl$= 2ZE09] =21 A0l HidIol=s A=Y
- F82XI=Jt 88 K8, oHrE Ml FTH|E M0l =FZoll 2 0HOF STk 2+ 22 HE)
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DHP2} NMCR1}2| £HA|

(D BHP (Brake Horse Power) (In Calm Water)

grp = 2P (. smz as

Tlx
@ NCR (Normal Continuous Rating)
Sea Margine
100 )
(3 DMCR (Derated Maximum Continuous Rating)
NCR
Engine Margin

NCR = BHP - (1+

MCR =

@ NMCR (Nominal Maximum Continuous Rating)
MCR

NMCR = : :
Derating ratio
NMCR= .4 >aMargine, 1 1 pp
nr 100 Engine Margin Derating ratio
=C,-DHP
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Mut £2 %|4 (LBDT.Cy) ZH BXQl 485 2

W_=C_-NMCR

NMCR = C, - DHP

A3\ 3
DHPCaImwater —
Cad
NMCR IV IYCERVE
ad

. Cl 2/3 3 C Cl _C

Wm:CmC—(LBTCB) -V y m'a_ power EI'U"E
ad 2

W =C_.. -(L-B-T-C.)*"* .V’

power

JIHOE2 FRAFI L8 MM, E 4 SMHSH )| HOIHE =S = AUS
-EHE EM SO =M > MCREM > OZHY 98 =M - |]|§1 =X
7I-

- 010l Wl V185 S0 810t ThA| Zot=Z 0l BoHl kI0f 813
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> = A S C
ﬂl:—l!- TR xI_l_ LIBI ITI ) & I-I X'“_Q.I gl-x—-ll E él
LWTSEH 8 (3) LWTE MZE2 W, °I’“’cEt W,, 7|ps S W, o

22 (Buoyancy)-&F(Weight) 3 =4 <=2| {3 T 32 8N <MF QA

v

L-B-T-Cy-p-(L+a)=DWT,,, +LWT ---(2) Vi = f(L,B,D,Cp) - (3)
Given: DWT, T 7&
(W% 2322 LWTE O{®A| 71 = Y27
Find : L,B’DycB’ %

HHEH 3) ZASI=2F(LWT)S MZE=2k W, o|xb=af W, J|3tE =2k W, o2 MBS
LWT =W, +W, +W._

W, =C, - L**(B+D),

W, =C. -L-B,
W =C. -NMCR
— Cpower (L B-T 'CB)Z/3 'V3’

L-B-T-CB-p-CazDWTgivenJrC "*(B+D)+C, -L-B
(L-B-T-C.)**-V® .-.(2.3)

,B,D,Cy), Al 270( (2.3).(3) ) o] H|ME BX-ubx Al o]},

2 3H(ex. H=H| Z|2hotE ZHZ2 & + AL

power

whaka] 0]x|4: 47 (

L
< AN 2N O 22X 3
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ICB)

T

I

D

[

I

28 (L

K4 1)

JI) %
o o
|

f(L,B,D,C,) --(3)

_req

VH

AL
Mgt QUL

ol=& X2 XJ| BAHINAM TSt 201 2ol It

tO| VolumeOll HIIBHCHD] JHA)

AlH
—_

1

VH re

qocL-B-D (

Vi

C,-L-B-D---(3.1)

_req

2)
5

A & (3.1)
ChAl =Z0H OF
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Mut F=8 K|+ 24 (LBD.T.C) =M +==tX =1
“Dojl ChEt Hot E7 (CLL 1966 2.7 HE)

| 7-I-:-_ (Free board Fb) * tstringer
- 2425 EF Upper Deck Fb t
QI '?‘”“% ._|T|_.'o;|-'ﬂ- 'IEOI T t Dmld
mlid

m A4 Q7 HH =AU ) 3

MEH0] 252 OICH 29 20| S0l 22 5

AMEH0] Roll 252  THOIE PZAIE AR B2 sheer strake(ZTO| ZH)0| B0 X 5 YT

-MI2tA Ofid] RECZE M HHE 010} SHC.

D>T+Fb
Patz]

HH L pepthlil HIHIOIE Ho g IS £ UL Fhoc D
MR X1 AH| SHHIOIA OFHQL Z0] IR O Z HlAtS 4 ULt

alz= U3l 22 A= 2 H HIMS 0HOF S 2K 22 W)
ICLL(International Convention on Load Line) 1966 73
Fb=f(L,,D CB,SuperstructureLength,SuperstructureHe,ght,Sheer)
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A A = A D C
A9t F8 X+ (LB,D,T.C) 28 M2l ==t R ()
- WA LA
A0t= Awmes | L,B,D,C, FOIM atMxF 27 =) | DWT,V,, . T (=ET)V
20l = A0 WA S et 28 27 =88y HHss ME
=2l MBS XA
— 28 (buoyancy)-= Z(Weight) BH XH s met x2)

L-B-T-C;-p,,-C, = DWT,, + LWT(L,B,D,C;)
= DWT., +C,-L°(B+D)+C,-L-B
+C poner - (L-B-T-Cy)?-V? ---(2.3)

- DFOC(Daily Fuel Oil Consumption)
+ Mg =qap HHEO| S

- Y712 (Delivery Date)
PN B B0 US

& (cargo capacity) XH sz He x2)

.D---(3.1)

=M 39 =2
— XA Q7 HE XT2(1966 ICLL)(ESS M £2)

D>T+C.,-D -(4)

=X o5 (FQ N5 ME I|F)

Building Cost =C, -C,-L*(B+D)+C,-C,-L-B+Cpy -C e - (L-B-T-C;)**-V?

» O|X|= 4JH(L,B.D.Cg), S22 M = 2JH ((2.3),(3.1) ) FS=2 M =& 1IH((4))2 X ZHI
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il =00l E

Lagrange MultiplierE 0| 2%t H|2F H|ME
- Muto| Fe X+ A™WEN

p
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Lagrange MultiplierE 0| 2%t H|2F H|MHE x| X3} 7|H
dEre] FaX+ 28 =4

= Given: DWT, Vi o, D, Ts, Td, Cg 4
= Find : L, B, Cg,

WT,.. +LWT(L,B,D,C, )

given

D
= DWTyy, +E, -L'°-(B+ D)+ C, - L- BHCppye (L -B-T, -Cg )" -V} ()

---------------- -------------------------------

I—I@ j}@@
—C,-1*°-(B+D) >C_.. -(2:B-T,+2-L-T,+L-B)-V?

power

(L-B-T-C,)?° = Volume? 0| 2, 0] =

= &l4= oA
I2% QXA OIE =N B+BERCZ HFotD A+E 28 S 7

CB D| _#*
<0.15 ..(c) T |~
( ) v v /

B
01Xl 37H(L,B,Cg), SSHAEXAH 2IH((a),(b))2! HIHE SHYUFEA O|CH.
> SREAS 2 A5 6= 2N S22 = & YO




Lagrange MultiplierE 0| 2%t H|2F H| MY X|=3} 7|8 | 2=s 25
A9t Fa Xl ZE =X

= Given: DWT, Vi, o, D, T, Td, Cg 4
» Find : L, B, Cg
= Minimize : Building Cost

f(L,B,Cy,) =Cps-C, - L**(B+D)+Cpo-C,-L-B+Cpy -Cpoper -(2-B-Ty+2-L-T, +L-B)-V®

= Subject to ...(e)

WT,.. +LWT(L,B,D,C,)

D given
=DWT,,,, +C, - L**-(B+D)+C,-L-B+C_,,,, (2:B-Ty +2-L-T, +L-B)-V?

-(b)
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Lagrange MultiplierE 0| 2%t H|2F H| MY X|=3} 7|8 | 2=s 25

49| Fa X+ 28 =M

= Lagrange multiplier 1, 4;, uUE =Sl (a), (b), (c), ()= F£H

H(L,B,Cqy A4, U,8) = f (L,B,Cy. )+ 4 - (L,B,Cy,)+4-h,(L,B,D)+u-g(L,B,Cq,.,5) . €)

f(L,B,Css)=Cps-C, -L*-(B+D)+Cpy,-C,-L-B+Cpy -Cpoper {2:(B+L)- Ty +L-B}-V?

h(L,B,Cg,)=L-B-T,-Cy-p,,-C, —DWT,, -C, -L**-(B+D)-C,-L-B-C_,,. {2:(B+L)-T,+L-B}-V?
h,(L,B,D)=C, -L-B-D-V
0(L,B,C,, 5)= 85 _0.15+¢?

(L/B)

H_req

g L—>x,B—>X%,C, =X
H (X, X,, %5, 41, 4,,U,S)
=CpsC, X (X, + D)+ Cpp - Cy - X, - Xo + Copy *Corger {2+ (% +% ) Ty + % - X, 3V °

+ 2, [ % Ty Xy - Py -Cop =DWT 0 —Co - X2+ (X, + D) =C - X, X, —C e {2+ (%, + %) - Ty + X, - X, 3V
+2,+(Cy XX, - D=V )
+u-{x3/(x1/x2)—0.15+52} ()
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Lagrange MultiplierE 0| 2%t H|2F H| MY X|=3} 7|8 | 2=s 25

MubO] = k| X B L > x,B = x%,C, — X,

H (X, X,, X3, 41, 45,U,5) = Cpg -C. - X (X, + D)+ Cp -C, - X, - X, + Cpyy -Cpower'-{2-(x2+x1)-TUI +X - X} V3
+ﬂ'1'[X1'X2 'Ts 'Xs'psw'ca _DWTgiven _Cs 'X12'(X2+D)_Co 'Xl'XZ_Cpower, '{2'(X2+X1)'Td +X1'X2}'V3]
+22-(CH -xl-xz-D—VH_req) +u-{x3/(x1/x2)—0.15+52} ..(f)

= (f)A © 2 2F Lagrange function HOF A& 0| TlE & X, X%, % 2= Z2H5HI| <o
VH (X%, %5, 4, 4,U,8) =0 € 70t

0z

g—HZZCPs 'Cs,'x1'(X2+D)+CPo 'Co'xz"'CPM 'Cpower"(z'Td +X2)'V3

X
+ﬂl°(X2'Ts'X3'psw'Ca_[Z'Cs'Xl'(X2+D)+C0'X2+Cpower"(2'Td +X2)'V3])
+2,-(Cy, -XZ-D)+u-(—x3-x2/xf)=0 ..()

coH

—— = Cps -CS'-X12+CPO Gy x +Cpy -C

8x2 power
+ﬂ‘1[X1Ts X3 'psw°Ca _Cs’ 'X12 _Co 'Xl_Cpower'(2°Td +X1)V3]
+2,(Cy X -D)+u-(%/%)=0 ..(2)

L@, )V
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Lagrange MultiplierE 0| 2%t H|2F H| MY X|=3} 7|8 | 2=s 25
- 9o Fa Xl ZEEA L—%,B—%,Co > %

H (X, X, X3, A3, AU, 8) = Cog -C - X% (X, + D)+ Cpg -C - Xy - X, + Copy Cger {2 (X + %) Ty + %, - X, 3-V?
+ﬂ'1'[X1'X2 'Ts 'Xs'psw'Ca _DWTgiven _Cs 'X12 ’(Xz + D)_Co 'Xl'XZ_Cpower, '{2'()(2 +X1)'Td +X1'X2}'V3]

= VH (X, %y, X3, 4, 4,,u,8) =0 £ FotH

cH

—:ﬂl'xl'X2°Ts°psw°Ca+u.(X2/X1):O (3)

OXq

oH 2
ale'xz'Ts°X3'psw'Ca_DWTgiven_CS°X1 '(XZ—FD)_CO.Xl.X2
oH _Cpower, '{2°(X2+X1)°Td +X1°X2}'V3 (4)
%:CH XX D=V, =0 ++(9)
@=x3-x2/x1—0.15+32=0 ..(6)

ou

oH

= (u=0) ..(7)

SDAL

a’ShpD sign Automation Lab. 44/45
http//sa’/ C.kr




B~
ot

Lagrange MultiplierE 0| &

x| X 3t 2 Al

- MHlo| =2Q X|+= ZAXER L—x,B—x,,C, > X
» Matlab= 0|Eet T2 )l
syms L B Cb raml ramé ul s2 > = Symbolic H = & H:H=7IH
- >« Bl 09)s 44t o
T=. 3 < B
f1=2+Cps+Cs+L+«(B+D) + Cpo+Co+B + Cpm+Cpower+(Z+«21+B)+Y¥"3 ﬁ (1)
+ 06119 raml+B+D + ram2+{ B+T+Ch+rho — 2+Cs+L+(B+D) 5 ox,
- Co+B - Cpower+{2+21+B)+¥"3) +ul+(-Ch+BA(L"2)):
fZ= Cps+Cs+(L"2) + Cpo+Co+L + Cpm+Cpower+({2+21+L)1+Y"3 S oH 5
+ [0.B119raml+L+D + ramZ+({ L+T+Ch+rho - Cs+L"% 5)(2 ( )
— Co+L - Cpower+(2+21+L)+V"3) +ul+(Ch/L):
fo=ram@+L+B+T+rho  + ul+B/L; ——> OoH/ox; ..(3)
t4=0.6119+L_+B+D-360000: —_—> aHlﬁﬂl (4)
f5=L*B*T*EI:|*th—SEDDDD—[ES*EL“E]*I{B+?}, oH /8/12 (5)
|+|:III*L*E|+|:PIII'.I.'EF*|:E*|:E+L:|*21+L*E|:|*"." 31
fB=Ch+B/L-0. 1515+(51°2) ; —> OH/6u ..(6)
fi=2xyl+2] ; —_—> 6H /GS (7)
[vl v2 v3 vd v& B vTl=solve(fl,{2,{3,14,15, {6, {7); N Od?g.%cjé.% Si= s
HAN - e’al i
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