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A study for optimization of double cycle

in container terminal

Song Jang Ho

Department of Port Logistics

Graduate School of Korea Maritime University

Abstract

The greatest concern in terminal operation 1s strengthening it’s competitiveness with
improvement in productivity. Through its improvement, the terminal offers to the
shipping company port time reduction effect so it can secure more cargo volume.

To deduce improvement in productivity plan, we can approach with modernized and
large-sized equipments, improvement in operation techniques, reducing suspended
operation time and etc.

Specially, improvement 1n operation techniques, this research can improve
productivity and efficiency with no reforming on equipments and facilities. So I predict
this technique will be more active in the future.

In mmprovement in operation techniques point of view, double cycle has many
advantages in productivity and efficiency, so on this thesis I analyzed deeply on double
cycle.

The purpose of this thesis 1s to grasp the worth efficiency of double cycle and to

operate it on the field to maximize its efficiency. So on chapter 5, I proofed the



superiority and rightfulness of double cycle with comparison analysis.

Double cycle clearly improves productivity as it discharges and loads at the same
time. But it’s difficult to maximize the frequency of double cycle in irregular discharge
and load stowage.

In Chapter 3, using common formula to find ideal start time of double cycle, we
provides the way to find correct start time on various discharge and load stowage and
maximize frequency of double cycle. Chapter 4 deals with ideal yard operation plan,
and in chapter 5, we can expect as analyzed, the improved productivity effect. And in
chapter 6, we can confirm that it will be easier to find start time with using simulator
than doing hand job.

In this thesis, I” regret that [ couldn’t analyze double cycle’s economical effect. As in
economic market also in terminal with least expense input, maximum efficiency
creation is matter of primary concern.

Hereafter, we need more research on expense and efficiency analysis on operating

equipments (QC, RMG, and Y/T) in double ¢ycle.
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AA Y2 Q Operatore] #4EE #s) FE T8 F FH2E U7
& o) .

284 Hold Double cyclei®} Zro] 2 hatch o= HAH7] 20 AME
& Hatch Alelel|lA] F2 o] Fo| R},

He] o do] #HE] Fet HPH FHe] A¥HYe] FHLE AT Deck

Double cycleo] 7}=dlm A3 19 Arjol BEE A2HE)

_28_



A 1A /T AakEe e A4 1¥s 2oled 3 Decke] AHTE F HE
X3t 1S 18 y/Te] FEsiek. oElm 28 YWTERE AR Mg Eojed
AHstn st 2dl= 29 V/T FEstn}k. o) =AME AA Deck #HYS A3
A9 Double cycleZ2 FHY + U= Aol

RteF Deck2] Y Hatchelld 43, A4 #Ad= 322 FI40dE

Operator 2] ZYHeEc] As}Ho] 298 Single cycleEt} A4kdo] Hojd Ao},

3.4 5 A%9 “Double cycle HA3} A|FAA F4]7
3.4.1 Zrdulsko] oA 99 4

# 31 Double cycle HAHE A|ZA A ZEZ4 1

Row NO 06 0z 00 01 05

wwm}///}/
[ I

M:fﬂ—ﬁu/ ///// L
D-L DLy DaLs Dy4=Ls De=L4 DgLs D+Lg
o Dy+(Dg—L1)+(DgL2)+(DyLg)+(DsL4) +(DgLs ) +(DyLg)=K

Double cycle A|ZFA| A | &3t B RAE] o] £E

Double cycle A3 | AA FstAHF(D) - (K-1)

r
N

A7 DAY AR A FHNH D2 ALR URA Dl RSO L
ge Aeold. dF 29 Dol 549 A% FFF 2 97 oe @
2

i
)

oy,
—o

Dwch o] | 9%t s £ 019 g8n B 247 SaE %)

o
itk
flo

DiZt H8hA] Fan Mo st ATl dAMNTE #@ glo] F

Gt AHBET B2 Aoz o FRbE 4sE o J¥3E F Double cycleo]
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AApHoiol gL oujste & g2 dHo] FItEch ol awkE W] Double
cycles AlFE 7 A2 ulstr] gEo|ot

% YFE Dowble cycled] FA &2 FEo|BE D3 A& ojsf 7iopstn &5
g Dowble cycled] F2 A= ofrlstd old Agdls obF 9= 7|AA
Fn BA g AGert 4% =As Aot 2HA &40 Yed F5vr 2
GAA g #H 6 F G5 yewd b fEln &2 gUd 2 25 g
a'g HE el 3ot

ol E F7| HF oteh FelA olARM HAWIG(TE: HHAA FHE2E).

32 FEZ4H 19 U3k oA

Row = 06 0z 00 01 05

SRS e A P
A L% T

D-L 7-5=2 | B=f=4d | 6 7=1 7-5=2 | b-b=-1 | 462

=4 8 + 2+ {(-20H/LF2y £.{0-1) + (-2)} = 11

Double cycle A|2HA1A | s} 119 FAE]| o] FE]

Double cycle A& IS4 | 44 - (11-1)= 34

18 +2+(2+1+2)+(-1-2)

11

2)8+2+1-3=11

3)8+2+1=11

el DA & —2s A ESAsts g3 dert 2 47k et
) ske] gt 8+29} HE AT

O F A HEUE 5, -l R AS HeE 552 EYRE O &5 &
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-3 a9 H#EA.

o 2= A 3)3 g2 1legks 237k AEHs Aot

3.4.2 Agulslo] HOA AL FAS

¥ 3-3 Double cycle &3} A|ZpA|AH BZEZFA] 2

Row = 06 04 0z 00 01 03 05

&8} (D) D7

A2 A 4(L) Ly

D-L Di-Le DoLg DLy DyLs DsLg DegLr

o Dyt (DeL7) +(Dg=Le) +(Dy~Ls )+ (DgL ) +( DL )+(Dy—Lg)=K

Double cycle A|Z}A| A | &35} K e e|iq FE

Double cycle A3 | AA FstAHT(D) - (K-1)

o AT 3.4.1% FYLPTW B ¥ Uex 2He YRz FU
TAoE DY PR vz H45d 8o
o) @ DLy & AA JYLFUE Hadfol HER Dily, Dels 7 2]

gdHn #Hfd ¢ ®o) FHREEAHE (Dely) + (Dsle) ~ o =22 Atsis
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3.4.3 2tgnlgro]l A J3A 3 Al G5 (Double cycle A3z 2E})

£ 54 Ao dHd B oA

Row H& 06 04 02 00 01 03 05
&t A (D) 8 5 8 7 4
A 7} 4(L) 5 7 5 6 6
L-D -3 2 -3 -1 2
i 6 1 6 5 1
( “L-D” & &)

Row H1& 02 00

7 5
7 6
0 1
4 3
05 06
¥} 7 (D) 5 /4/ // /7/ /7/ /8/ /5/
S e

A A%(L) /7/ /E////E/ 5
D-L 4-T—amlab OS] i i 5-6=2 5-5=3
T4 5+ (N woas T AMt 3} =

Double cycle A|2tAlH | w35l 79 ZE]e|H FE

Double Cycle A3 34 44 - (7-1) = 38

o] WA dATT FHo AIWF F HAAM @7 E

il
5
o
=2
N

H9” o AR 8 BE Doble cycle ABAFE 27T 9 329 5 A,
ond B}, AW ATE BHe} 7t Rowel AYEAY SHEHE Rolw
9 g AL e RovES FA B,

$AEAS “AHAF - FHAZ" o gl Qe BAHEA o 4 2 o]
He)Ql Rowite] B9e] $AESL Rlgh susd “dHAE - FRAS

ko] 242, = AARANEI) e AFED BL45E Double Cyclee] 98 Al2bE o]

—o
e
j=u]
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Double cycle HAAFE HWFE F A7) GE|},

e FAg e e] Rowgel A€ A%, 2 RowEdd dEiA= do=

g AdHE FHsH A7 g9 Zol, 4EdE FATHel o

HYeoMthE oAl Rowst Fel/AH AFE g = A4 =T
“FHHANA 2E” ] B} BAEA FHE HEEH Double cycle AABTFE
A 7 A= AFANES s 7 Ae Aonh

shA Rt o] WAL dA HYhd
ozsle] BAEME AES) Fesln Double cycle P2 ALsA F3817)7)
4R &= Holo.

weha olel] g FEF &Y Fr) g@ol AdsAdUs 238 4% 2d¢)

45 22U 7Mool ZEER AR R WA Atdd AF3] nEer @

il

=

i)
ob

sl AAERYPA}Ee] Bay pland|rb

3.5 Double cycle A A s} AZAAA 27]E 93 Simulator
9 34844 Aegt ZE A g Double cycle X3 AFAHEES 27
F34E HEstel 2363 @& Pl SimulatorE WERNSH HA
2 H-ask 23 10029 FEEE ZFE T AT

et Z2 Aol ErlEdlM o} Simulator & AP HEHE #He A,

Fi‘i

_CH

=

2y

=

A&d 2 AR AHE 48 & U o
249 & Rowd @A AFY 4¥stn AQ d9dgn d™Ed

Zzoe] 2522 Simlations Ho] $£HA A2 Double cycle A% A HS

o} £},
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Row No. 14 12 10 08 06 0402 00 01 0305 07 09 11
LOAD 0:i0 67 T T T LT T T T T 6
DISCHARGE g.0; 7. 6. 8:8:8 8. 8:.8:8:8, 8 7
Start Row | -1 -1 1¢+213:4 5 676195 10:11 12
Double Cycle
LoAD
Dbl QIY=76
DISCHARGE /k{
Aft SEQ-18

Search Start SEQ

2% 3-6 Double cycle simulator 3™
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A 4% Double cycles 93 of=g H-<l

4.1 FsF/AA ARA 43 Bt

2% /T 14 v/T

29 RMG

Double cycled #HHF 3}7] 43 o= @3 WA= F 712 FR/IL UoH
WA A7 2 gdol F F Wl 443 ¥t AEeWE FHOR
alsts FEd tha go} Bt

4 o] BHe Ay HAMs o= EF9 HAlQle] FHAiT 99 o]ido]
Holop st AHAR A 49, A 42 8D RehandlingS AT 1€9E
T/AHE

ok 62 E ClAE of= B2 o] WS Hagdd A P Aro|iie

Az)5eo] B Hol RUGRIG )% A0 Tokad 2AAND 49 58
e zHele] AL AL FsA0] Eola Holrh
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ofd
L
u
1
tjo

£ o] WA s 5 kA ™, st AEelW AReA

o

o adef 18 /T gol Fast A4 AECIHE Y Bay Wl AAE F
=

—

48Y 5 3

AEE A3 AW}t Ao Y= Bayel] FetHAE Rosis DA 2
7/T9 Zol 4ste 43 Areldrt BAESE Yo & Bayd FAE T UEE
G E FAs s WHl Aot

1| v/T= 1] RMGZF A3 R 3t 13 e o] E satsln Y Bayd
A Eel | A4 19 AW E Aaksia. a8 2/ v/T= 27 RIGZE H A S
Zl &3t 26 ZEHOWE shatstn AA 2§ Aozt AR Ho A= 1¥ RIG
ol 2 o] &3t ¥ 2¥ FAE|c|HE Adatels 27kA FEE 29 7FEs Aolo.

He F o e/ AA PR 2FHAY Ay 2 dazd g oy

BolA BEHa B}
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£2EZ1 =4 Bayd] =Y B=Y ©E Baydl] HsH/AH
Fol/ A A3 22| 23|
PRIG A2 5 AT PRIGS] A1&3 o2 Y/T o] 7]
AR »/T B HAT R
PRIG 2 Y/T2] Double cycle P gEt A2 A g 54

PRUC 2t Overload L83t} | BRUG 42 5 F7}
8

v/T 7] Al F2F /T B F
fag= et A @3] A pEFEAl /T R AR whel oFs)
B Y AR maH s
gZeor
pbay B HHEF g} AR & pEF=Al Y/T SRR whel oFs)
TAE H3 A& A HE 2 Y A saHoE
PEA V/Tel ofs) o] FE HH d3sjol F(atdid 2% v/T
jz Aol 2 FU3t bayell I3t &40l A1)

Aoy AAALS TRFE=

o4 e 2xEL BANY 7 A9 44 PR MY =YD WEe
A9, 48909 RIG D /1899 AE4S IURY F AL Rl

0S(He1E 2% A=E)s] A9 glo] ddW 2 FAdade] 43 FRACE
A% Adolst BUW Bayol I AAAL YIAch: AL AP oL
FYY 2w ohe 239 2 EHZ opINL Aols BuHR wY 10se)
Q0] BIESH o] WAL AFHolol @ Aols 47A,



Ee13
=

1.2 Fe/AA AR 4

M

[F3}] [H 4]

O 4-2 o= 29 BH 2

o] WAL of= £%9] Row T7F M2 Hulddl HEHH axxd Aok Row
7t M 224 F Bayg FeW/AHSE GETE oFH b 4F AFrh Ho
RUGS] o] EA17+S Hr}slA] L AA|7) 7] wEelch.

o o Zo] 4t AECHWE VT AHWF HE AR5t olojA v/ T=
AHLFE Yolrt & RIGEFRE A4 AW E Hat @2 $ QR o] &=

tjo

)

-

A

)
0

ol FAAGH HHFAFE /T AHLFA uwet =MYE FPstejornt
v/Te] F4E HASE £ Ank Bk w47 S E HelE B V7 9FEHE
Bl S o7 A7l ALY Single cycleRt} B BAo) Aojd £E e ol

o] HAe] T2 RUG £ QHFE S IITE Aolw A2 RUGS overloadE
ol v/T AA s BEAA A TS A0 F A Aot

® 4-19) “Fd E5 W EBayel] ¥/ A E)AAT LR fApgh At
g ok
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A5 A2 N A

5.1 A o] el

°] A4

%0
—_

ApA

=0

M

5.1.1

57]_? »

segs

=
=

el Container

NG 2

2] Terminaldl] A=

“4]

Frb/si2 @ ool 7Hd 2ol A

Do
=

=
=

1

o]

/AeEEHAANM Hny dxdold

%
ARE g7 483 U

1
L

Belge] AuEe Wil

el
en

ol

A ¥HH]-2-2 Terminal &

a

AR 2% o

=0
L
HE

el

TEA 7 H

ol k[5].

A HhH] &

S,

=

A 2

=
=

P3lH ] F2 Handling charge

<=

alo

Fobale,

2 ohiel AEA

&

cargo handlingo| A=

J9%

A o] =

ot H

Em] ]

L.
L,

el

J

o]

S
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e AEotyl Hdl AFH= Al AEl Wik olslE F7] sl

Ship time
FPort time
ar T
Gross berth time
( .
MNet berth time
< >
Stoppage
<—>
Anchor in Filot on 1st line 1st unlash Last lash Last line Filot off
Crane time
QC moving start QC moving finish
1st cntr Last cntr
. T
Stoppage
<> <>
MNet crane time
€ >

Gross crane time

o8 51 Aibkde) Al A
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AAAEE AES7] A% A1y 25 g diE ol e} Zel Tl sl
< PORT TIME - 9% ZEFA|I7FRE 43 24474717, FrbadA Mulo] LA =

Z Az7ke M4, B, Pilot, Tug, <HE 2o 23}

7| A7 EFTE

<> (GROSS BERTH TIME - A<} A &Hz=<] ZFZo] Bittel] Aals A 7FHEE] o]gt A

nlA 7 ZEo] BittellA Holu= A 7k7hA.

pisk
AN

BEAsY ZHA s 2ETH(AF, Gang AHdE Hl,

Cargo handling, B 2%, 23T S22 A3t 7|4 7F )

<> NET BERTH TIME - A9ellA] = Discharge Container®] Lash7} Z2&
=7FEE ulAR™ Load Containere Lashing 2S&=7471A),
MAeqe] B 2z st A7k, Lashing/Unlashing,
Cone B2r2kA]7k, Hatch cover HandlingAl7d =)°] Cargo®A,

AHnd S22 Qg Ay T AUE L¥EEH

<> CROSS CRANE(GANG) TIME - @C2] &HZ= Moving =7tEE fd57lxoly 24z

A% AT 2 AYFD AT TR

<> NET CRANE(GANG) TIME - 43t EXZPAZFSE A GROSS CRANE TIME <l|A]

EE AYFaA 7 leal time, 2 TAATE )2 A3t

flo

Heldy EE A AAdFEMoves)d HPAY ARTAC  AFH
EEH7] dEed eoldd ol BEA F =yl A7k Agdl o olsirt

A Hofor (7).
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T Aol dmd Alztel] g3 HE7)E2 FUPEE, Br|EdERE 7t ajo|rt
N= 7 At AE 20 AYY dF BrEE2 Meadl times E7MEAY 22
Azo g BFESo  Gross/Net crane timed|A] AYAZ|R|rt ZF iR E
BHe|de A= Meal timee Gross crane timeod|= XETAF]1 Net crane
timedl| A= A A7t}

o o] O FHAHUY = BHEAS A A0lR I Aol IdBE

]

Zeltk. & Meal time &%t 3193 YS FHels A HE2 Meal time § 9]

o]

el A&HeE ooAE AL, adm AR TAL TEHE Z¢ B
3P89 AolAd NFE Aol 42F F Uk
A3 sd 4Wd A2 29 HegaN F2 Aeds wud 448 B

A Aol

5.1.3 A el =57
gHojdzte] 3
ofgf &} Zo] 7]=stgTt.

<> PORT ACCESSIBILITY = PORT TIME - GROSS BERTH TIME

A8 A

kK

2 2 ASHE 4849 E5e gl ol

=

DRk AE 3 EAAbe HlAd, B, Ad, gEs AAlEe 4

R27)B So BY 2EAL WrleE J27h B

<> GROSS BERTH PRODUCTIVITY = MOVES / GROSS BERTH TIME

AR 72 9 AL Gedo

<> NET BERTH PRODUCTIVITY = MOVES / NET BERTH TIME

D B @2 HE CRANE(GANG) Y] & 2 o}l <]

NET CRANE(GANG) PRODUCTIVITYE d}odshc),

_40_



<> GROSS CRANE(GANG) PRODUCTIVITY = MOVES / GROSS CRANE TIME
D ARG A A AFY A ' 27 AYEE 58 Xt =5
A<kel 7127k dot.
<> NET CRANE(GANG) PRODUCTIVITY = MOVES / NET CRANE TIME
D Movesel] BFF 7 Al 29 A7k &, Lashing, Cone® 2,

Hatch cover 7§®, &AH] 24 2 744 S £92d"H A7t=2 & F

3,
=

Yot go] Ak HEE A 78 297t B HowrolB2 EE A4S

Moves / Hour®Z ¥7| ®o}H6].

5.2 #A9d 2 E40HY

PNC(FAA B REFE A S Al 2007d 289 - 3" Alole] HrA 29 5 4=H
10d¢] EA AAA DataE B S E Single cycled® Double cycled] A4S
HZ #2489 Double cycled] ¢54 2 @H4HL S35 Double cycle T80
EAT A4 rlAls 9% AEE JAEHEE FHosnz) s

S BME A4 datad] ABHAAE ©]-E5k Single cycled} Double cycle

Aarad B E( )8} Double cycle A4FAAR]E olg} A, F4]: Double cycle A4+

12 A4 24 e Hescd A4

|
tn
=
Ga
@
O
&
23
@
0%
2
oX,
o
Hi
i
k1
i

o
oX,

A& 2 A9 JE% 2AE #ded 2 Ego] £ Aozt A4dn

5.1.39014 ¢dgdise] Brldy Aidds o 8/ Asd 2 FelA] Net
crane product ivity(©]3} N/PE} ) FA & o|-&38te] Hl BEAM3igint. st
zZJFHA kel Single  cycle®}  Double cycled] Ef3slA TSR
AP FAANS A= NPE 7HS ARAHS A8 & F Q7] GE| T

o8]l ZF1E Single cycle, Double cycle, Total =8k st N/P 2
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5.3 Single cycled} Double cycle?] A4k H| W

SAAYVEAAEON AR BB F 039 A 99 ARE

jus]
I
off
o
Bt
0>-
¥

N Al A3

d HlZEHY= F35300.

£ 51 A4H AR(AREA: 24

SRR

Single cycle Double Cycle Total Double ~Single Double =~ Total
Net Net Net
Move | Work | H/P Move | Work | N/P Move | Work | N/P G/P Hove N/P Hoves N/P
Time Time Time
MSHS 67 | 181 | 37.1| 312| 6.8 46.0| 934 | 249 | 395 | 3b.9 0.46 1.24 0.32 1.18
MSPH 301 8.4| 358 201 4.1 (493 | EBOZ | 1l2.5| 402 | 33.0 0.67 1.3 0.40 1.23
ZZAD 1465 | 36.9 | 39.7| 314 | 6.2 | b0.6 | 1779 | 431 | 41.3 | 37.0 0.21 1.27 0.13 1.23
ZNSE 1083 | 266 | 40.8| 249 | b5 | 456 | 1332 | 320 | 41.6 | 346 0.23 1.12 0.19 1.10
MJEN 3|6 9.9 371 115 2.5 | 46,4 | 481 | 123 | 39.0| 34.0 0.31 1.25 0.24 1.19
LISA 246 | 6.8 | 38.2 62 1.4 456 | 308 8.1| 37.8] 32.2 0.26 1.28 0.20 1.21
ZZJp 972 | 27.9 | 349 198| 4.4 | 454 | 1170 | 32.2 | 36.3| 33.2 0.20 1.30 0.17 1.25
MDEB 311 9.4 330 102| 2.7|38b| 413|121 | 34.2| 3186 0.33 1.17 0.26 1.12
HSTT bz0 | 13.4 | 38.8| 142 | 3.0 48.0| 662 | 16.4 | 40.4| 37.2 0.27 1.24 0.21 1.19
ZZIL 12721 323|394 338| 6.9 49.3| 1610 | 39.2 | 41.1| 36.1 0.27 1.25 0.21 1.20
Total | 7208 | 189 | 383.0 | 2033 | 43.2 | 47.1 | 9241 | 233 | 39.7 | 34.3 0.23 1.24 0.22 1.19
¥ 5-13% Zo] & 1089 Datag £4% Z7 Douwble cycle BAHIH|E2 [
1.24, #HA 11704 1 1.38707 BE3= A2Z @HHEAC. A A
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Single cycle 2T} Double cycled] AB4bde] SR 1.24°F mobs o). wlelr
Double cycle A& AFTE Hhssor st= WEC] £Ha Aoln,

Ed &= Y =% Fo| Double cycle 82 H| &2 2228 23}, EE 9
H &2 99 ZEY 3"y Aok Huksld 2y 3714 Double cycle2 AF
HstA] Xele AFE ool yEo|o),

471 ®o AHA|E PR oR A4bdd BHEdE o8 7HR AEs aETdgd
AT ELAARY BEAT 54 b4 Exo] 2 ZHelgt AGHED

7] B FES FE] UG Twin lift A4S BER BMsA B3
A Single cycled}t Double cycle W&ol Tuin lift FPoe] 21nF EEHo Uoi=
7Rt A A HARS Holot.

o] 42 #eds $1% ALS o™ Dowble cycle 2 WiellA] Single
lift &} Twin 1ift 7+e] A4AS EeldA 5458171 & § dEc|dn. s
Row B E 392 de] AMETE 40Feet Single 2P} 20Feet Twin ZFeo] FE
FAl o] WEel .

32 Single lift-Single cyele, Twin lift-Single cycle, Single lift-Double
cycle, Twin lift-Double cycle = Eo A%E 1&g A4stn A3 B0

B a8}

5.4 Double cycleo] ABAkdol A= B3k

Single cycle®} Double cycleo] A4t F&ES | =AE dolE 7] sl &
5-19 dle]BE o8t &3 go] AR dErtds FHE EAEMS
T35l o8].
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Ho: My — Mz =0

Hi: My - Mz = 0

B
A7}
e CE N Y
#7
Column 1 10 372.7828  37.27828  5.762088
Column 2 10 464 5671 4B6.46571 11.244B
24 B4
LS
AFE  ARE (AR WE FH. @ F A
g9l
18] 421.1261 1 421.1261  49.52478  1.4B5E-06  4.413873
2k2} 153.0602 18 5.503342
Al h74.1863 19

al

&9l &£F gmelA T 529 P-VALUEZ} 7] 4B ARIAELS e

tjo

Ao, 2 2u|= Single cycle® Double cycled] W AAtAo] zle|7)F ==
d T Atk &, Double cycleo] A4t F3F= mrlEchs AZ ofr|FH

S Double cycleo] A4bdd]l dujyg @3 FoA Loty HE
AARMNS AAstgles & 6-194 Double cycle Movest FA4MEe] FTF&

2498 4 Qou, o zde Awe) By 2 get 400 IBE B

A4k e] ztel9} Double cycle &89 &P o3t H&S 72 B4
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A . &, A4 Single cyele AAMA el Alol7F Double cycle

gulgo] & A4 JBL Bl FRolGn 47T & Uod, of Aol

Double cycle H| &3 AAA 3 2] # 4
5.0 T
¢ y,= 5.8908x
4.0 R =0.8503

Al

&

A 3.0

=}

Ol | ¢ ClolH
2.0 — ME(H|O|E])
1.0 [ ¢
0.0 | ' ' ’

0.0 0.2 0.4 0.6 0.8
Double cycle H] &

o8 52 2AFAHY 48 ag=
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# 53 FAEY BAF

AEM A=
o3 AaAT 0.925028
AA T 0.855676
Zz4d9 244F 0.837636
EE 23} 0.396291
"ET 10
24 24
A4 &= e AF FF  F H T3 F
3] 1 7.448854  7.448854  47.43097  0.000126
Zk2} 8 1.26637  0.157046
A 9 8.705224

£ 539 F 23@ osiel 28849 AREe %5 dutEs
AgsiA gk &, 2449 2¥AS} w952 wreld FAPE T 5 Ak
w3 23YA40 92 2AAS 0.5524 DAL B AYEN 4F F

HY= & 7+ A=9].
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Double cycled] &3 A4 32 A
00 y = 29.95%% - 94.997x% 10.265x%
R2=0.9112
4.0
2
Al
NN
]
7} 2 4 ;0| g
°l 2.0 . — b (H o] B)
&
_ .
1.0 .
0.0 ' ' : /
0.0 0.2 0.4 0.6 0.8
Double cycle H|&

285-3 A A4 33 fets o=

ol 28 52940 AR AAFH Al obd 33} gEAS  o]&3o
FA3A4E 7 HE o F2 AYEE 7Rds As & 7 A5k, Dowble
cycle Hl o] TojEdTs AN FFs ¢ rlicgs AL BEosn. &,
Double cycle®] 7F7F ABaAdd 4833 %= rigs 22 ¢ F JoH
At S e Double cycled] AFE HU=E &2 Hary 22 o=k,

BEXHOE A3Ad A A7 Dowble cycle A} HAFE HUE &7 Y3 Double
cycle®] AZpA A= 3= Aol B4k Ak 2 932 R|Ilds A2 FHEI=

Aok,
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A6d d&
Belg £9e] 2o} “44d B4 53 2AY AR £ FARFS fedx

Hne) BAAY Aolth AAE AL S Held £9e) 2EL IUBAA

At AR RS HeAs AH|e] ddis 2 g, 2d7E R4,
Oh:}

%‘:_
53] 29714 M FHdMe] AT 71E AES Alde] AF glel= A4l
2

oX,

FE oos g@ds] dAg

=d7% TP AMRRE Fe Dowble cyeles A3 H|-E FHAA

HFH o)A FEVTIDE F YoH B ERAAE 444 2RAH Y= o]

o] =& AHA= Double cycled] EE7FZAE Az Hotsin 0 AL7FAE
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