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ABSTRACT 
 
Construction machinery and equipment recently have been developed to be more energy-
saving, however, wasting energy and low efficiency in gantry crane have become
increasingly prominent. Therefore, based on existing energy-saving technology, this paper
proposed an intelligent guided energy-saving method for gantry crane in terms of
operation process. This method can automatically detect the optimal luffing position in the
process of goods falling down to precisely direct drivers’ operation so that electrical
energy generated in the falling process can be used for the luffing of gantry crane to
achieve energy saving. To verify this method, MATLAB/Simulinkis used to obtain a
simulation platform for the whole system. According to the analysis of the simulation
results, this method is demonstrated that it can significantly reduce the energy
consumption of gantry crane under the best experiment condition. 
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INTRODUCTION 
 
 With the advance of economic globalization, port industry has developed rapidly in the world. 
However, the development of port transportation has brought not only advance in national economy but 
overwhelming energy problems. In face of high overall consumption and low resource utilization rate, it 
is of vital importance to establish the concept of green port and enhance technological innovation and 
support capabilities in energy-saving technology to promote energy saving and emission reduction and 
accelerate the construction of green port. The throughput of dry bulk has reached 60% compared to the 
total in recent years so that dry bulk terminal has a great potential in energy saving. As the general 
handling machines in bulk terminals, gantry cranes are widely used in various harbors and terminals. 
The operation process of traditional gantry crane is firstly to upgrade the goods and then lay down, while 
in this process a number of gravitational potential energy are produced. Generally, the gravitational 
potential energyis consumed by dynamic braking. It will work dramatically for the rational use of energy 
in bulk ports and reduce energy waste if we can convert the gravitational potential energy to electrical 
energy and use it during the operation of gantry cranes. 
 Because of the frequent starting, braking, raising, falling and variable amplitude, the operation 
process of gantry crane is so complex that its energy-saving technologiesare slightly lagging behind 
energy-saving technologies of rubber-tyred gantry crane. However,energy-saving technologies currently 
used in gantry cranes draw most lessons and experience of rubber-tyred gantry crane. 
 Iannuzzi D, ChangChunhe et.al proposed an energy-saving method based on energy recycling by 
AFE system[1-3]. This energy-saving technology is very similar to the method currently used intyred 
gantry crane. Energy produced in the process of cargo falling down is fed back to the grid, batteries or 
super capacitors to achieve energy saving[4-9]. Though the use of AFE system can effectively achieve 
energy saving, but AFE system is generally expensive. But losses may occur when using battery or 
super capacitor, besides, batteries and super capacitors generally have relatively short life. This method 
is only done at the electrical level. 
 Beldiajev V, Lehtla T, Liu Ganget.al proposed to achieve energy savings through frequency 
control[10]. The traditional method is to connect different-valuedresistors in the rotor circuit of the 
asynchronous motor. When the load torque of the motor is constant, the lower is the speed, the greater is 
the slip and the higher is the slip power. The increased slip power will be consumed through thermal 
energy. The frequency control changes the motor speed by changing the frequency of the power. In 
frequency control, the consumption of slip power remains the same no matter the level of the speed so 
that it has the highest efficiency to achieve energy saving. Tianjin Port test report shows that frequency 
control saved 23.5% in luffing mechanism and 16.7% in rotating mechanism. This energy-saving 
method, as described in 1, can perform a certain energy-saving effect, but remains in electrical level. 
 Mark M.Flynn et al proposed to perform energy recovery and release by the use of flywheel in 
the operation process of the crane[11-13]. Flywheel energy storage is an electromechanical energy 
conversion device which uses physical methods to achieve energy storage[14]. When gantry putting down 
the cargo, electrical energy generated by the motor is transformed to drive the motor through power 
converters, the motor drives the flywheel to speed up its rotation and then the energy is stored in the 
form of kinetic energy. When the portal crane needs electrical energy, the flywheel drives the motor to 
generate electricity and outputs current and voltage applied to the gate crane through power converters 
to complete the conversion from mechanical energy to electrical energy so as to achieve energy saving. 
But maintenance of energy-saving equipment is rather difficult and it requires higher security and 
protection features. Different from the above two methods, this method has achieve energy-saving 
effects in the mechanical level. 
 Mo Yamei et al proposed to optimize the design of the mechanical structure of gantry cranes to 
avoid unnecessary energy loss in the operating process. This method took into account the special 
natures of gantry cranes, and proposed to improve the operation structure to achieve energy saving. But 
this method is still in the theoretical analysis and calculation phase, it has a long way to go to put it into 
practice. Moreover, this method can only be used to the new-produced gantry cranes, not the existing 
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ones. It is unrealistic to make mechanical reformation for more than 6,000 existing large-scale gantry 
cranes. 
 All the above are the studies in their respective fields. AFE system and frequency control are 
relatively mature but they both use only the electrical energy-saving technologies, while flywheel and 
other mechanical energy-saving technologies have not yet been fully mature. For gantry crane, we can 
achieve energy saving through process improvement which has not been studied yet. In addition, overall 
study of electrical, mechanical and process technology is also almost nonexistent. 
 Therefore, this paper proposed an intelligent guided energy-saving method for gantry crane 
based on optimal luffing position while taking into account its own characteristics and operation 
process. Through rational guidance and integral control in electrical, mechanical and technological 
characteristics, the electrical energy generated in the falling process can be used for the luffing of gantry 
crane directly. This proposal avoids the losses when using battery or super capacitor, so high efficiency 
can be achieved in energy saving of gantry cranes. 
 

CALCULATION OF THE OPTIMAL LUFFING TIME 
 
 To make the electricity generated in the process of cargo falling down use directly in the luffing 
mechanism, optimal luffing time should be calculated so that drivers can be informed to change the 
amplitude at the best time to save power. 
Motor torque equation shows that torque in the weight release phase is as follows: 
 

dyst TTT +=  (1) 
 
 In which, stT is the static resistance torque of the motor shaft, dyT is the moment converted to the 
motor shaft. 
 And static torque of the motor shaft is the moment generated by the weight when the system is in 
equilibrium. The static torque of the motor can be obtained according tothe Newton's second law: 
 

0st mi
MgR

T η=
 

(2) 

 
 In which, M is the mass of the cargo, R is the radius of the roll, m is the magnification of the 
blocks, 0η is the transmission efficiency of the mechanism, i is the reduction ratio of the gearbox. 
 Dynamic moment is the moment generated by the inertial force in the process of weight 
releasing to achieve balance. Assuming that the total moment of inertia is J after all the rotating mass 
and translational mass converted to the motor shaft and angular acceleration in the rotation isε , the 
dynamic moment of the motor shaft is as shown in Formula 3. 
 

ε= JTdy  (3) 
 
 To calculate the optimal luffing time, force of the roll rF  and linear velocity rV  should be 
calculated first according to force on the cargo and the falling speed of the cargo, as shown in formula 
(4) and (5): 
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 In which, m is the magnification of the blocks, 1η is the transmission efficiency of the pulley 
blocks,v is the falling speed of the cargo. 
 Assuming the process of gantry crane releasing cargo is uniform acceleration in the startup 
phase, the average acceleration a  is calculated by the start-up time t and velocityv at time t , as shown in 
formula (6): 
 

t/va =  (6) 
 

 According to Newton's second law and the basic dynamics, torque ′
lT  due to the inertia force 

generated on portal crane rolls can be obtained when the speed of the cargo of mass M reachesv . 
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In which, n is the RPM of the rotation shaft. 
 G Is the gravityof the rolls, rJ  is the moment of inertia and D  is the diameter of the moment. 

When the rotation speed is min)/(rn ,inertial torque ′
rT generated by the rotation of the cylinder is: 
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 When the gantry crane ratio is
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The average starting torqueT of the motor can be obtained: 
 

)mkgf](
ti375
nGD

tn
Mv30[

t
1

mi
MgRT 22

d
2

2
d

2

0 ⋅η+η
π

+η=
 

(11) 

 
 The starting torque of the motor should be smaller than the maximum starting torque maxT and the 
rated torque nT . For wire-wound AC motor, the starting torque nTT )6.1~5.1(≈ ; while for squirrel cage 
motor max)8.0~7.0( TT ≈ . 
 There is some rotating mass existing in the transmission process of the hoisting mechanism, but 
the inertia moment of it will decrease along with the increase of the transmission ratio of transmission 
shaft, which leads to inertia force of rotating membersaccounting for the main part. To simplify the 
calculation, the inertia moment of the main rotation mass is selected as the inertia moment of the motor 
shaft generated by all other shafts in the hoisting mechanism. 
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The optimal luffing time can be obtained according to formula (11) and (12): 
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 According to formula (13), v ,T and dn should be calculated first before t  can be calculated. v  is 
determined by the power relation between hoisting mechanismand luffing mechanism, which is to say, 
when the power generated in the cargo falling process is enough to provide the power needed in luffing 
mechanism, the speed is regarded as the critical speed. 
 According to FvP = , the power generated in the lifting process HoistP  is shown in (14), in which, 
v  is the falling speed of the cargo and v& is the acceleration atv . The power of luffing mechanism AmpP is 

shown in (15), in which, U is the average resistance of the rack and rv  is the average speed of the rack. 
 

vvMPHoist &⋅⋅=  (14) 
 

rAmp vUP =  (15) 
 
 As the arm swing, the luffing loads is constantly changing so that average value should be 
calculated after the resistance and speed are calculated in sections, which is shown in formula (16) and 
(17) 
 

∫ ∫= dtvUmvdv r  
(16) 
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 The torque T and the speed dn  of the motor can be obtained by electromagnetic torque equation, 
as shown in (18) and (19). 
 

22t cosIKT ϕΦ=  ( tK is a constant only concerned with the motor) (18) 
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 The above derivation is the whole process of solving the optimal luffing time. In the cargo 
falling process, the energy can be used directly in luffing mechanism according to the calculated time so 
that energy is saved and devices are simplified. In order to verify the effectiveness and reliability of the 
proposed method, we conducted the simulation study through MATLAB/ Simulink simulation platform. 
 

SIMULATION RESULTS 
 
 This paper built the mechanical module, motor module and control module by using 
MATLAB/Simulink. This three modules were combined into a complete simulation platform. Theentire 
simulation platform is established based on parameters of a 40t-30m gantry crane as shown in the 
TABLE 1. 

 



B

 
o

 
s
t
c
 

 

BTAIJ, 10(8) 2014

Elevating cap
Working rang
Classification

Working spe

Motor 

Lifting heigh

Install capaci

Figur
of 10 tons, 2

Seen 
square of the
time at first, 
curves in the

4 

Design
pacity 
ge 
n grade 

ed 
Lif
Sle
Lu
Lif
Sle
Lu

ht 
Ab
Be

ity 

re 1 is the di
0 tons, 30 to

from the dia
e height, wh
but graduall

e diagram are

TABLE 1 : 

nation 

fting mechanis
ewing mechani
uffing mechani
fting mechanis
ewing mechani
uffing mechani
bove rail 
elow rail 

iagram betw
ons and 40 to

Figure

agram, the p
hich is mP ∝
ly level off w
e the needed

Figure 2 : The

 M

The key para

sm 
ism 
sm 

sm 
ism 
sm 

ween power a
ons. 

e 1 : Power dia

power is pro
hm . It can 

with the heig
d heights und

e maximum a

Mi Weijian et al. 

ameters of the
 

25(grab) 

A
60/75(n

18(grab)

 
and height o

 

 
agram of hoist

 
oportional to 

be from the
ght keeping i
der the requi

nd minimum 
 

 simulation pl

Parame
30.5(sprea

R10-3
A8 
no load) 

1.3
50/30

YZP-335
YZR-2
YZP2-

) 
16
635

of a 40tons g

ting mechanis

the mass of
e ordinate th
increasing. I
red power w

luffing of gan

latform 

eter 
ader) 4
35 

A6
30

0 
5M2-8 2*200K
80M-8 2*55Kw
-280M-8 55Kw

28(hook)

 

gantry crane

 

sm 

f the load an
hat power w
Intersections

with different

ntry crane 

0(hook) 

6 
0 

Kw 
w 

w 
) 

e with differ

nd proportion
willincrease i
s of straight 
t loads. 

 

 2551 

Unit 
t 

m 
 

m/min 
r/min 
m/min 

m 
m 

Kw 

ent loads 

nal to the 
n a short 
lines and 



2

 
i
o

 
l
o
T
o

 
d
t
t
 
t

 
g
m
b
 

2552 

As sh
n the simula

on the nose. 

Throu
uffing mech

of 0.02* (ma
TABLE 2 is
operation cyc

The s
doesn’t chan
the table is t
the load incr

Figur
technology, 

In su
generated in
mechanism, 
basis of the o

hown in figu
ation platfor
Figure 3-3 i

ugh calculat
hanism at the
aximum amp
 the optimal
cle with diff

TA

saved energy
nge amplitud
the extra ene
eases, the ov
re 4 is energ

DP is power 

ummary, thro
n the operati

the method 
original ener

 A p

ure 2, runnin
rm. In the lu
s the motion

Fi

tion, gantry 
e time of 0.4
plitude - min
l luffing tim
ferent loads o

ABLE 2 : The o

Mass 
Time (sec
Saved ene

y in TABLE
de in the bes
ergy by this 
verall energy
gy-saving po
curve with t

Figure 4

ough the sim
ion. Accordi

to determin
rgy-saving te

proposal research 

ng states und
uffing proces
n path of nos

igure 3 : Luffi

crane with 
427s and the
nimum ampli
me and saved

of 10 tons, 2

optimal time a

(ton) 1
cond) 3.5
ergy (kJ) 19

E 1 is the pro
st luffing tim

method in a
y saving effe
ower compa
this power sa

 : Energy-savi

mulation ana
ing to the p
ne the optim
echnologies.

on energy-saving

derthe maxim
ss, motion p
se of gantry c

 

 
ing curve of ga

 
a load of 3

en it starts lu
itude), it is a
d energy wit
20 tons, 30 to

 
and saved ene

 
10 20 
548 1.491 
95.4 82.005

 
oduction of ra
me, this energ
addition to t
ect is deterio
arison diagra
aving techno

 

 
ing power com

 
alysis, it can
ower relatio

mal luffing ti
 

g of gantry crane 

mum and m
ath can be o
crane under 

antry crane 

32 tons can
uffing. If the 
accordant wi
th the metho
ons and 40 to

ergy under dif

30 
0.5022 0.
27.621 13

ated power a
gy will wast
the existing 
orated. 
am. oP is pow
ology and sP

mparison diag

 be found th
on between 
ime can furt

minimum luff
observed by 
the load of 3

 

n provide en
height diffe

ith the practi
od proposed
ons. 

fferent loads. 

40 
.2468 
3.574 

and the optim
te. Note that
technologies

wer curve w

sumP is power 

gram 

hat huge pot
hoisting me
ther save a 

BTAIJ

fing can be 
the sensors 

32 tons. 

nough powe
erence is in t
ical situation
d in this pape

mal luffing t
t the saved e
s. It doesn’t 

without powe
curve in the 

 

tential energ
echanism an
lot of energ

IJ, 10(8) 2014 

observed 
installed 

r for the 
the range 
n. 
er in one 

time. If it 
energy in 
mean as 

er saving 
process. 

gy can be 
d luffing 

gy on the 



BTAIJ, 10(8) 2014  Mi Weijian et al.   2553 

CONCLUSION 
 
 This paper studied the energy relationship between hoisting mechanism and luffing 
mechanismand proposed an intelligent guided energy-saving method by calculating the optimal luffing 
time. This method observed the cargo loaded on the gantry crane which would generate power and when 
the power satisfied the luffing operation, it would be used for the luffing operation. This method will not 
only save the super capacitorand batteries, but avoid the energy loss during storage. 
 This paper also established a simulation platform in MATLAB/Simulink according to the study 
of mechanical structures, drive modes and motions of gantry crane. Through simulation, intelligent 
guided energy-saving method proposed in this paper can perform well in the ideal experimental 
conditionsandachieve good social and economic benefits. 
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