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A study on Energy Effect Analyze According to the

Crane Control Pattern

Gyu-Myung KIM

Department of Logistics System Engineering,

Graduate School of Korea Maritime University

Abstract

Container terminals of each country are currently faced with many
difficulties such as the Increase 1n marine transportation cost
triggered by bigger ship size and changes In distribution environment
resulting from specialization, the worsening of the management finance
from high oil price and the international environmental regulations
according to United Nations Framework Convention on Climate Change
(UNFCC). Accordingly, container terminals of each country are now Iin a
desperately need for early response to overcome such difficulties and

establish advanced harbor with international competitiveness. As a part
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of such measure, most of container terminals including Busan Port have
introduced and are operating automatic terminal as a part of their
various efforts to Increase the operational efficiency, and are seeking
to Iimprove their productivity through specialization upon establishing
complete automation for the trucks within the terminal and partial
automation for the trucks from outside by using Automatic Rail Mounted
Crane at the yard.

Along with this, they are Introducing new mechanisms to Improve
productivity or actively conducting research and development for port
vard equipment to accelerate the process.

Therefore, this study focused on the energy efficiency analysis
according to the changes in driving pattern of the automatic cranes being
operated at container terminal as one of the plans to assure port
competitiveness by establishing -environmentally friendly container
terminal and reducing energy cost from such perspective.

First of all, as the basic study to Iimprove the energy efficiency of
automatic crane, a mathematical modeling was conducted using Lagrange's
equation of movement for transfer crane. In addition, it was confirmed
that the acceleration value was eco-driving mode In the section of 1~
2.5[m/s? ] by conducting the characteristic analysis of the average
energy consumption according to acceleration change while changing the
value of acceleration in the section of 1~5[m/s? ] based on the Iinduced
model .

Next, as the result of analyzing through simulation the efficiency of
the energy consumed Iin three types of fixed driving patterns such as
trapezoid type control input, notch type control input and stair type

control input determined by the trace of movement of crane, the container
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terminal that handles 1 million/TEU] annually showed that the
eco—driving mode through which the minium of over 850 million won of
energy cost could be saved i1s possible simply by changing the driving
pattern.

Along with this, an optimal control method was proposed as the
eco—driving method for low-cost, high-energy efficiency driving of
crane. In the proposed method, the optimal path is calculated for each
section divided upon dividing the path of movement of crane through the
same section. Also, it showed that the minimum of over 260 million won
of energy cost could be saved through the two methods of the identical
partition method that adopts the method of summing the each calculated
value and the [limited pole point partition method that calculated the
optimal path by dividing the movement path curve through limited points.

Therefore, the eco—driving effect was verified through which the total
of 1.11 billion won could be saved according to the cost reduction from
fixed type driving pattern and optimal control type driving pattern.

It 1s expected that the eco—driver policy for high-efficiency could be
introduced 1n the future when the energy reduction measure 1S
established according to the waiting time of crane by examining the
driving pattern that considers the waiting time and work schedule within

the container terminal.
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- (Ph.1-1) (Ph.1-2) (Ph.2-1)
AAd%E 2006 2008 200841
65[ton] (Twin—20)
o] okQ &k
s S e 50[ton] (single) 40([ton] 40 ton
A A9 S5¢k 9¢ 5k 9¢ 6t 109
Wheel 28.5[m] 28.4[m] 31.0[m]
span
Lifting 18.0[m] 18.0[m] 21.0[m]
height
Hoist . . .
26/83[m/min| 45/90[m/min| 30/80[m/min]
speed
Trolley 120[m/min] 150 [ m/min] 120[m/min]
speed
Gantry 150 [ m/min] 180[m/min] 150[m/min]
speed
Automation | Semi—automated Unmann.ed Unmann.ed
automation automation
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7kl gtk zbsske] e R Qe siS AU 4S5 o]
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(MT—Fm)i(l —cos20—m%sin’9) —mcos@(ﬂé—#gsin@)

+msind (F,— Cﬂ—#mlé%—mgcos@)—l— C’xa'c+2mcos0w

— mlsin@égz F, (3.2a)

ml*0+ml cos 0+ 2mll 6+ mglsind =0 (3.2b)

(M, +m)i+msinds+ Cl—mlf*—mgcosd = F (3.2¢)
Mqoy+C,y+Ky=F, (3.2d)

3.2 Ad ol A7 A

el A(3.2)4 AR, EEY, To|2ES] HEA VL 7HEsirhal
718k ohgo A (3.3)e® AAE o & 4

r=u, (3.3a)

=90 (3.3h)
I

I=—C)l+u, (3.3¢)

y=—Cytu, (3.3d)

919] 24(3.3) b3} o] A(3.4)02 Wi & & gk

2= 1= 1, (3.42)

(3.4b)
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2= 0=1, (3.4c)

2= au, — b, (3.4d)
T= 1= 1, (3.4e)
x'6=— Cizs+u, (3.41)
=y = (3.4g)
rg=— Cxg tu, (3.4h)

x = Az+ Bu (3.5a)
y=Cx (3.5b)

A7IM z= FEEE, uis JEHE, y= SHYHE 44 YEdH o
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x(t) =u, (4.4a)
. 9 U,
0(t)+w 9(1&)27 (4.4b)
A7NA W' = eItk olf V=wighn sl A(4.4) okele] 4 (4.5)s)
2ol Huf,
. Ua
V =— (4.5a)
w
. ua
9(t)+9(t):? (4.5b)
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49} ol IdQl FINE £LE=FU)

A7IM alt)e 7FEEe A7]ola u (b)) @9 aEgS=olt). Ao
21(4.3)3} o] FoAH AFAIA® 2 (4.1)9 = vh23 2

O(t)zg[coswt—cosw(t— T1)+cosw(t— TQ)—cosw(t— T3)

—u,(t) +u,(t—T)) —u,(t)(t— Ty)] (4.7)

23k Fh&zke] AANE 14 AhETRre] Aslsh A FEvE, 3

T, =Ty— Tyl A7t t = Tyl A

T T. T.
0(2&)=—4gsinw—1czosw—gsinw(t——3), t > T, (4.8)
p 2 2 2
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21(4.9)7} B},

VelAchity
IHIAX
» Timelsec
nax]
T, T, T, » Timelsec
T Oipax]

- 57 -



4.5 AlEdolHd H mzk

B AT AE & "elM 71&% Aol Rl wek gaa Aois
~E g Falo] HEAC)T} sd FHw

i

ol
20
£
by

A Folag o Zes Hosh WlEdnta gttt ol ZolxE 1Y
& 4149 Afddy s vjsoem k. £33 457]S DCEHE

2[m/sec]Z st om, Fwde] FHFS 393[Ton]o2, EE 9 FF
50[Ton]o 2, st&S X3het ~x#ye TS 35[Ton]o® &}l
i e ol ATl ek oy Aanjge] AXbs 98t dd oy
7Hgatalom g Apo] &9
AlZHS 5x3F skl AlEdoldS AAg A3 thad At

WA A EE Aojg gl g Aladeld Aol A= Fig 4.5
Zol  uyEwrh #AAR o]FAIFS 25[secld W olEAYE
5.7430[mJo)™, oYX n]gke 2.43[Whlo|™, &9 ol% AT oy
Al 2B 3.8957[Wh/m] &2 YERETH

T ORAR =XF Aojygs o] digh AlEd el AF= Fig 4.6
7 o] et o] FAlZbo]l 25[sec]¥d W o]FE A= 4.5196[m]o]
o, oA A" 13.8[WhlelH, &9 o5 AT oy ian g
3.0627[Wh/m] &= YEbRE

Ao 2 AGE AojdE Ao oidk AlEd el A= Fig 4.7
I o]l yErwth o] sAgto]l 25[secld W olsAE= 3.4232[m]<]
), olw] oA AH " 8.0[WhlelH, ©¢] olF A= A AHFF
< 2.3343[Wh/m]= YHERRLTH

5
offt
-
)
rlo
g
o,
of\
0
-3
>,
fo
=)
)
X
[\'J
mlru

- 58 -



5 T T T T T
-f 1 1 1 1 I
] ] 10 14 20 240 30
4 T T T T T
il /—\_h _
0— 2
2 1 1 L 1 L
0 5 10 15 20 25 a0
0.03 T T T T T
n0zr b
0m .
D 1 1 1 1 |
1] 5 10 14 20 25 30

Fig 4.5 Attha] & Ao ot AlEd ol A

x10
5 T ]
; ,/_\\\—/ |
_5 1 1 ] [] ]
0 5 10 15 20 . an
2 ; . . . .
1 //
] ~/ i
_-I 1 i 'l
0 5 10 15 20 i an
0.015
0.01 E
0.008 -
] | 1 i L Il
i} 5 10 15 20 75 an

- 59 -



2 .
!
_2 1 1 1
0 L1 10 15 20 25 a0
3 ; ; .
1 /\\_/E ]
U -
4 i : . .
0 5 10 15 20 25 30
Dm T T
,r"fd
0,005 /r’_" .
U L L
0 5 10 15 0 25 cli]

whebA Skl M 7]Eek Abvheled Aol E oi|, =AY AlojiY

=)

|, Add Aeld=s e 5 Azke] sl iste] Fele] @A

FH

of gt AlEeold A3E B2 AHglshd Table 4.137 7t}

Table 4.1 A# Q0 P o] g Al Eeold 2}
T AchE] & x| A3
o] &2 [m] 5.743 4.5196 3.4232
ANAA] AnZF[Wh] 2.43 13.8 8.0
]E}j] A]H]O Wh/m 3.8957 3.0627 2.3343

- 60 -



1571

Abe)

10 ¢

| Im

ol A e [m] ollul#] An]EHME] 2] ol U] #] 22 H] &)

Fig 4.8 A #<le] FaP-Hdo] wE oux] 2H9el

9] Fig 4.8 A9 P A e oux 2vHdS ek
aRlo R ZpZke] dele] mE ARA &S AWt v Ak

ol s AT E Altel&goe] 5.743[m]o2 g o] o, v
o= xxFo] 55196[mlel™, A 3.4232[ml= 7HF A olF
o] At EE - =AY - AGP Y] Fow vERETh

gy aHEE dyAE =XFo] 13.8[Wh] 7HE B dyx £
I E-S B, oz Ay , Atthe]E o]l 2.43[Wh]
g AvEte o ey wx3ge] 7H
AL AbrkE o] olu ] Au7F 7 A2 Ao R A E AT

il @) ols AT oy AHlE Aldd@ o] 2.3343[Wh/m] =
7HE AA vl whE At o] 3.8957[Wh/mlE oA Au|7)

B dyA AvaEEs B3

o
ol
&2
rlo
2L
2
£
(T
lo
il
ME
4
xg M
0, o



1% 2AZ AA AUA k¥ BaFE =EH] Astel @9 As
g olux &ulsk by Be A
5]

&S HwstH W9 AW duyx AHEEe] xol: 1.5614[Wh/m]2)

o
il
ot
o
=2,
A
A
B>
e
N
N
N
N
o
a2
rlo
X
(g

oful F uX Ml BuHe TE] Astel Arele] FL Ful
209 E A”HolUR 75[%]e of=2Y] 2Ho=, dAZF 1009HTEUIE
Adacha pgeta, el A W wEe] 247 257h o Fol

Az 2990 & 432 4% v of=e] ZolE 20[m]2 7Hgako]
_/':
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HE oUA = Atgg]&Ed o] 739.1[Whlo® 71 B2 oYX 4]
NS B oz =280l 455.5[Wh], Aldd o] 264.6[WhlZ=
ABlshE oz Yely AlthE] &gl 7 B oluA] &2v] Y
Rom, Aol oAl aHZF 7PE AL o E4 9

g3 @9 ol% Agd YR AHlE Alwalo] 53.2178[Wh/m] =
7h A A AnlE 9 Aok o]l 89.0126[Wh/mlE oA An] 7}
MBS Aojdeier BF

o

k>

e

- 63 -



800 71 Ao
600 +

400 71

200 7

0 Naw
o 1 %) 2 HEERIWR ] o1 1 ] 22 1) 2 [l 1A 2] [

Fig 4.9 AzQle]l Fqdd mE oA AnjdfE

ol Z/= A UA AH] AHEFS =Et7] Sfste] @9 A
F olviA] a7t 7bg B At B} U] anvh 7P e A
o vuetd 99 Ay oA Au|Ee] 2ol 35.7948[Wh/m]9
Apol7k v Ae & Ak wEbd A gAY Ao A

&
sto] A4lstH Table 4.4} o] A= & 9t

Table 4.4 A# 9] FLAo] we o= Azt

N

A Ez | B&dz |t COoz Cozds | & 4
[kWh] N[ ] a4z WAl 1A

1 on
ol

]

£ 110,738,440 | 676,552 4,553.1 160,087 836,609

o

o

- 64 -



=AY FPEAS Tl Slo] AtelE FET Addow &4
st 10,738,440[kWh]e] eldx|an] Aasrt slas & 4 9
o olE dedE fatsty Adgxdv]el A4 300[kWhlold AFEA
[kWh]Z 63€9] AHE @] FHEERE AZF 676,552[H ] A7+
G glen, of7je] oyxE7o R 4553.1[Tonle CO2& A
(0.424[kg/kWh]) & 4 glom = old w& d7Ha]& 160,087[HH]=

1
=
\\e}
(e}
5
i
>
O
@)
[\
—
Co
(o,
~
do
@

S 8 4 9lo] £836,609[H A H

Table 4.5 =219 5 & gk AlEeld 2

T 5 Aol & =2 A
o] A2 [m] 1.1642 0.9127 0.6950
of| U] A] 2~ M| [ Wh] 98.5 79.6 62.4

el AYE elldA

212 [Wh/m] 84.5913 87.2080 89.7785

- 65 -



T Apre)
80 B 53
60 7
40
20 7
O I

o] U A] 2= i A of vl #] 2= ] = [ WhanH 2] [m]

Fig 4. 10 A=A S43Hddd W& oyA] 4nde

9l Fig 4.102 A#HQIe 4 W& oy &ne FuHE =
Z=2 Yehd adow, 747 d|le] mE AF-A WES Tsstd
th5 gtk olsAR= Attt EF el 1.1642[m]o® 7Y wWel o]F
i, oz w=xgo] 0.9127[m]ol™, ATEL 0.6950[m]= 7}

g A ol 5dte AlgEl#Y oA P oA o YERTh
2HlE = A Al Attt EE o]l 98.5[Wh] 7HE W& oA &

HEHE Bt teom w=x3o] 79.6[Wh], Aol 62.4[Wh]Z

ZH)EkE Ao ey AtdeEde] 7 B dyA] AH FEHE R

RaL Aol oA &urh 7 AL Aem E4EAY. 2y
9 ol s A= uA &nl= AtvheEEe] 84.5913[Wh/ml= 71 4

A ZwE 9bE Algdd o] 89.7785[Wh/m] = YA AuH|7} 7 @&

- 66 -



Aojsielor EF A}

olg AR HA duA v AT =E37] st d9 A
g ooy &nzt 7 B AGE I oA &nrh A Alvke &
s vlastd &9 AT oA aujFe] Aol 5.1872[Wh/m] 9
o7t = AL & Ak o AP F e}t npirhA
2 ZAdolye] T2 Full 209 E ZAHO|YRE 75[%]9] of=2d =1
o= Wz 100RHTEUIE Agdotar 7HdstaL, of=9] dol= 12[m]
2 7M4ske] Axted Table 4.63 o] Azl 4= )

—}

-

Table 4.6 F#|212] Z=7SHo| Wz o1ix A7t

Eape U x &z | v84dzt t CO2 Co2dz | & A
" [kWh] N[ Y] A7 OAEY] ] (1Y)
W & | 186,739 11,765 79.18 2,784 14,546

7
olF U= et APE&H7IS A5 300[kWh]old AREA]
[(kWh]Z 6399 A& g5o] F3EER dxk 11,765[xA ]9 A&
T Qo orje] ouUAdFFeE 79.18[Tonle CO287+(0.424[kg
of we A7uE 2,784[HYTS H7H(20



FH Table 4.79} o] 7]

5]

e

d

L

4.7 3929

3z
ar

0
e o 0 <t
— OO’ — N © LO
™ 0 ~N o~ N <t
o — < < < o0
< ) <A © Lo
— © — o0
—
o
o ©
- ™ 0 <t
N o~ m — o0 M
- - : N )
© o .
0 — <+
4| w — o~ N —
o
= o\ — o~ o
=o ~ Lo . o0 o
o 0 L 2 < <
X o o o o)
NEo e
- o~ - © o
S © ~ — o0
—
<t
=0 N N o~ o
o % =) o~ % %
) > : N
o o~ A o A !
3 o) ) — o~
=3
N mm e
I F N Ve o | N g
T
R ELR O TR
A &o — | O m — ,#o —
s o - _
O

i
T

4.6

T
T

Aoy Eudel A Apg-5]

Aol M=

=
of Aol

—_
110

| 7F¢ dyA aHpE 42

Aot elo

3

L5
=<

= AbgH

2ol A

o

(¢}

3 Aojzj"E o]

A

[ s R ] i A S B oy

Eo

(¢}

g Aol

o, AN E A

%

=
il

5
~

;O,._

o

bof o1

SIRVAS

=
=

oy Eelz} 714 o] &H|7}F Be Ao]sfEle] zo]

- 68 -



100RHTEU]S Agste ZHeolY Huld

ol Zede SHMEE HeE B =Tl 7]&EE U &n7F F

o ATEl oz A LA HWE 694,189[H Y]] A H]&
4

,672[Tonle] CO2Wl&E Aol W IA4eES &Y F

T3 COulE& 740 mWE 164,268[HY]e H|LAH o]odo=m =
858,454[H ]2 AAA o]ads A= 4 I+ Eco—Drivingd] 7154
I} oA AH] A7 59 HLES o] M gk fFFo] st

= Bn mEd FFe= olE Edlz &nk el di7|AIzt %%

A 2AlES e LAY HES davt lon o voprt oy
&35 9% Eco—Driverdl 28 =8t AX shfe] wietolgr & &
k.

- 69 -



S Aol o] EEEA

<)

A 5 % Eco—Driving®l| <]

5.1 A &

Arjoly] 2o F7he)

—

o
-

4r

go

AA ZE=re] AElolyd Elv]

of W3l F=Ael of

3 5

s

=

SERIERE

Zy_l

)

ST

R EREEE

X

!

i

L,

ol

o lem el e o

o gro] 7171 A2 A )

iyl

oj

A

gl yrtop 3 wjojr}

A=

o
=

L

A=

o] 97] 93
o] Hofopyl

GO

s

;OO

-

il

1

71919l 714

AAre] 2o

T

B!

7H O

b
el

R

¢

o

AT
el
o
8
o
oF
el

- 70 -



ol s A =Hle o] Aol & 4 gt

olg]dt HAHA 20023 % DSC(Drewry Shipping Consultants) A&
of estwl A7l 100 [TEUlS old< Aeshs AHelY Huld =
RTGC(Rubber Tyred Gantry Crane)A]=®lo] 51.4[%]1Z 71 =4
Efyyar 131, SC(Shuttle carrier)A]2=~®o]  24.8[%], RMGC(Rail
Mounted Gantry Crane)A]228le] 9.4[%], OHBC(Over Head Bridge
Crane)A|2=®lo] 1.1[%]2 Yehyar lth3) gk, Cargo Systems©lA]
g AA AU AR HFEEES B 19990l RTGC 95[%],
RMGC 5[%]ell4 20006 RTGC 84.9[%], RMGC 15.1[%], 20024
RTGC 81.2[%], RMGC 18.8[%]= wid RMGCE] W7} sojvytar 9l
= AHolthd) HZoll= A3t HuldS JfdstHA ARMC(Automatd
Rail Mounted Crane)®] &-8-o] Folx|= FAlol 3l

RMGCAH =82 awte]l g st tfgstr] Agtstar, 183, 1ad
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Fig 5.6 EZg|e] &rwste] e A E#olxa Az
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Table 5.13} 7t}

Table 5.1 EE#9] SEWslto] w& AEHold A
Velocity[m/s] 1 2 3 4 5
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