
DESCRIPTION 

HYBRID ELECTRIC POWER SOURCE DEVICE FOR CRANE AND 

METHOD FOR CONTROLLING HYBRID ELECTRIC POWER SOURCE 

DEVICE FOR CRANE 

TECHNICAL FIELD 

The present invention relates to a hybrid 

electric power device for a crane and a control method of 

the hybrid electric power device for the crane. Some 

cranes such as a gantry crane and a jib crane mounted 

with tires driven by an engine generator are driven by a 

mechanism of running a motor or the like using the engine 

generator and a hybrid electric power source including an 

electric power accumulating unit such as a battery. 

The present invention relates to a hybrid 

electric power device for a crane used in a 

facility such as the gantry crane and a control 

method of the hybrid electric power device for the 

crane. 

BACKGROUND ART 

As an example, an engine generator including a 

diesel engine or the like has been used to drive an 

electric motor in a crane or the like and an electric 

motor for driving a pump. In this crane or the like, an 

electric power generated by an engine generator is 

supplied to the electric motor via a converter and an 

inverter, and an electric power accumulator such as a 

battery is arranged in parallel to the inverter in a line 

for supplying the electric power to the electric motor as 
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disclosed in, for example, Patent Document 1 and Patent 

Document 2. 

According to the techniques disclosed in 

Patent Documents 1 and 2, surplus electric power is 

stored in the electric power accumulator when the 

electric power required by the electric motor is 

small. Therefore, energy efficiency can become 

high. When the electric power required by the 

electric motor is greater, the electric power can 

be supplied to the electric generator from both the 

engine generator and the electric power 

accumulator. There is an advantage that the engine 

generator can be downsized. 

RELATED ART DOCUMENT 

PATENT DOCUMENT 1: Japanese Laid-Open Patent 

Application No. 11-217193 

PATENT DOCUMENT 2: Japanese Laid-Open Patent 

Application No. 11-285165 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

With the techniques of Patent Documents I 

and 2, a load applied to the engine generator 

varies in proportion to the electric power 

necessary for the electric motor. Therefore, if 

the electric power necessary for the electric motor 

varies, the activated state of the engine generator 

also varies. Therefore, it is difficult to 

optimally maintain the operating state of the 

engine generator. Said differently, it is 
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difficult to drive the engine generator while 

maintaining good fuel consumption. 

The present invention is provided in 

consideration of the above situation to provide the 

hybrid electric power device for the crane which 

can constantly maintain the fuel consumption of the 

engine generator and the control method of the 

hybrid electric power device for the crane. 

MEANS FOR SOLVING PROBLEMS 

(Electric power source device) 
According to a first aspect of the invention, 

there is provided a hybrid electric power device for a 

crane including an engine generator; an electric power 

accumulating unit; and a control unit including an 

electric power load calculating part configured to 

calculate an electric power loaded on the engine 

based on electric power required from an outside 

load and charging electric power exerted by an 

electric power accumulating unit, and a command 

signal sending part configured to calculate 

output torque and a revolution speed based on the 

electric power loaded on an engine and sending a 

torque command signal indicative of the output 

torque to the engine generator and a revolution 

speed command signal indicative of the revolution 

speed to the engine generator. 

According to a second aspect of the invention, 

there is provided the hybrid electric power device 

according to the first aspect wherein the engine 

generator includes an engine and a generator part capable 
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of functioning as a generator and a motor that is 

connected to an output shaft of the engine, and when an 

increment rate of the required electric power exceeds a 

predetermined value, the generator part assists rotation 

of the engine by the generator part until the revolution 

speed of the engine reaches a predetermined revolution 

speed. 

According to a third aspect of the invention, 

there is provided the hybrid electric power device 

according to the second aspect wherein a function of the 

generator part changes from the motor for assisting the 

rotation of the engine to the generator for generating 

electric power using the engine. 
According to a fourth aspect of the invention, 

there is provided the hybrid electric power device 
according to the first to third aspects wherein the 
outside load includes a main unit and an assist unit, 
and the revolution speed of the engine where a 
main unit requiring power does not exist is lower 
than the revolution speed of the engine where the 
main unit requiring power exists. 

According to a fifth aspect of the invention, 
there is provided the hybrid electric power device 
according to the first to fourth aspects wherein the 
engine generator includes an engine including an 
engine body and an engine control part for 
controlling activation of the engine body, and a 
generator unit including a generator part capable 
of functioning as a generator and a motor that is 
connected to an output shaft of the engine and a 
generator control part for controlling activation 
of the generator part, and the command signal 
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sending part sends the revolution speed command 

signal containing information indicative of the 

revolution speed of the engine to the engine 

control part and sends the torque command signal 

indicative of torque to be generated in the 

generator part of the generator unit to the 

generator control part. 

According to a sixth aspect of the invention, 

there is provided the hybrid electric power device 

according to the fifth aspect wherein the command 

signal sending part calculates time variation data 

of the revolution speed for accelerating the 

generator part of the generator unit so that the 

revolution speed of the engine corresponding to the 

electric power load on the engine satisfying a 

maximum electric power value of the required 

electric power is attained when an increment rate 

of the required electric power exceeds a 

predetermined value before the required electric 

power reaches the maximum electric power value, and 

sends the revolution speed command signal generated 

based on the time variation data of the revolution 

speed to the engine control part and the generator 

control part. 
According to a seventh aspect of the 

invention, there is provided the hybrid electric power 

device according to the first to fourth aspects wherein 

the engine generator includes an engine including 

an engine body and an engine control part for 

controlling activation of the engine body, and a 

generator unit including a generator part capable 
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of functioning as a generator and a motor that is 

connected to an output shaft of the engine and a 

generator control part for controlling activation 

of the generator part, and the command signal 

sending part of the control unit sends the torque 

command signal containing information indicative 

of an output torque of the engine to the engine 

generator and a revolution speed command signal 

indicative of the revolution speed, and sends the 

revolution speed command signal containing 

information indicative of the revolution speed of 

the generator part of the generator unit to the 

generator control part. 

According to an eighth aspect of the 

invention, there is provided the hybrid electric power 

device according to the seventh aspect wherein the 

command signal sending part calculates time 

variation data of the revolution speed for 

accelerating the generator part of the generator 

unit so that the revolution speed of the engine 

corresponding to the electric power load on the 

engine satisfying a maximum electric power value of 

the required electric power is attained when an 

increment rate of the required electric power 

exceeds a predetermined value before the required 

electric power reaches the maximum electric power 

value, sends the revolution speed command signal 

generated based on the time variation data of the 

revolution speed to the generator control part, and 

calculates the output torque enabling acceleration 

of the generator part while avoiding a combustion 

state of the engine from degrading during an 

acceleration period of the generator part, and 
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sends the torque command signal generated based on 
the output torque to the engine control part. 

According to a ninth aspect of the invention, 
there is provided the hybrid electric power device 
according to the first to eighth aspects wherein the 
control unit controls the engine generator so that 
the engine is driven by the generator part in an 
electrically motive state. 

(Control method) 
According to a tenth aspect of the invention, 

there is provided a control method for a hybrid 

electric power device for a crane including an engine 

generator and an electric power accumulating unit, the 

control method including calculating an electric 

power loaded on the engine generator based on 

electric power required from an outside load and 

charging electric power exerted by the electric 

power accumulating unit; calculating output 

torque and a revolution speed based on the 

electric power loaded on an engine; and sending a 

torque command signal indicative of the output 

torque to the engine generator and a revolution 

speed command signal indicative of the revolution 

speed to the engine generator. 

According to an eleventh aspect of the 

invention, there is provided the control method 

according to the tenth aspect, wherein the engine 

generator includes an engine and a generator part 

capable of functioning as a generator and a motor that 

is connected to an output shaft of the engine, and when 

an increment rate of the required electric power 

exceeds a predetermined value, the generator part 
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assists rotation of the engine by the generator part 

until the revolution speed of the engine reaches a 

predetermined revolution speed. 

According to a twelfth aspect of the invention, 

there is provided the control method according to the 

eleventh aspect, wherein a function of the generator part 

changes from the motor for assisting the rotation of the 

engine to the generator for generating electric power 

using the engine. 
According to a thirteenth aspect of the 

invention, there is provided the control method 

according to the tenth to twelfth aspects, wherein the 

outside load includes a main unit and an assist unit, 

and the engine is controlled such that the revolution 

speed of the engine where a main unit requiring 

power does not exist is lower than the revolution 

speed of the engine where the main unit requiring 

power exists . 

According to a fourteenth aspect of the 

invention, there is provided the control method 

according to the tenth to thirteenth aspects, wherein 

the engine generator includes an engine and a 

generator unit including a generator part capable 

of functioning as a generator and a motor that is 

connected to an output shaft of the engine, and the 

revolution speed of the engine and torque to be 

generated in the generator unit are controlled to 

adjust electric power generated by the engine 

generator. 

According to a fifteenth aspect of the 

invention, there is provided the control method according 

to the fourteenth aspect, wherein when an increment 
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rate of the required electric power exceeds a 

predetermined value, the engine is accelerated by 

functioning a speed regulator so that a revolution 

speed of the engine with which electric power 

loaded on the engine corresponding to a maximum 

electric power value of the required electric power 

is attained before the required electric power 

reaches the maximum electric power value, and the 

generator part of the generator unit is accelerated 

at a same speed as the revolution speed of the 

engine. 

According to a sixteenth aspect of the 

invention, there is provided the control method 

according to the tenth to thirteenth aspects, wherein 

the engine generator includes an engine and a 

generator unit including a generator part capable 

of functioning as a generator and a motor that is 

connected to an output shaft of the engine, and the 

electric power generated by the engine generator 

is adjusted by controlling the output torque of 

the engine and a revolution speed of the 

generator part of the generator unit. 

According to a seventeenth aspect of the 

invention, there is provided the control method according 

to the sixteenth aspect, wherein when an increment 

rate of the required electric power exceeds a 

predetermined value, the engine is controlled to 

generate the output torque to an extent of not 

degrading a combustion siate of the engine, and the 

generator part of the generator unit is accelerated 

so that a revolution speed of the engine with which 

electric power loaded on the engine corresponding 

to a maximum electric power value of the required 
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electric power is. attained before the required 

electric power reaches the maximum electric power 

value. 

According to an eighteenth aspect of the 

invention, there is provided the control method according 

to the tenth to seventeenth aspects, wherein when the 

electric power is supplied from an outside the 

engine is driven by the generator part of the 

generator unit in an electrically motive state. 

EFFECT OF THE INVENTION 

(Electric power source device) 

With the first aspect of the invention, it 

is possible to activate the engine generator in a 

condition causing the fuel consumption to be the 

best in generating electric power. Therefore, the 

electric power can be most efficiently supplied to 

the outside. 

With the second aspect of the invention, 

if the engine is accelerated to reach a 

predetermined revolution speed, the acceleration 

can be assisted by a generator part of a generator 

unit. Therefore, the time for accelerating the 

engine can be shortened. Further, because the 

generator part of the generator unit assists the 

acceleration of the engine, even if the engine is 

being accelerated, the engine can be activated 

while avoiding an abnormal combustion state. 

Therefore, if the load suddenly increases, 

sufficient electric power can be supplied from the 
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engine generator. Therefore, it is possible to 

prevent the fuel consumption of the engine 

generator from degrading and to prevent black smoke 

from being generated. 

With the third aspect of the invention, when 

the engine reaches a predetermined revolution speed, the 

operation is quickly changed to the electric power 

generating operation by the engine. Therefore, load on 

the electric power accumulating unit can be reduced. 

With a fourth aspect of the invention, the fuel 

consumption of the engine generator in a standby 

state can be improved. 

With the fifth aspect of the invention, it 

is possible to change over the activated state of 

the engine generator between an electrical 

generation state of supplying the electric power to 

the outside and a state of being driven by electric 

power from the outside by changing the torque to be 

generated by the generator part of the generator 

unit. Therefore, even if the electric power 

supplied to the outside slightly varies, it is 

possible to maintain the stabilized operating state 

of the engine. 

With the sixth aspect of the invention, if 

the engine is accelerated to have a revolution 

speed at which the electric power can be supplied 

from the engine when an increment rate of the load 

exceeds a predetermined value, the acceleration can 

be assisted by the generator part of the generator 

unit. Therefore, an acceleration time period of 
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the engine can be shortened. Further, because the 

generator part of the generator unit assists the 

acceleration of the engine, even if the engine is 

being accelerated, the engine can be activated 

while avoiding an abnormal combustion state. 

Therefore, if the load suddenly increases, 

sufficient electric power can be supplied from the 

engine generator. Therefore, it is possible to 

prevent the fuel consumption of the engine 

generator from degrading and to prevent black smoke 

from being generated. 

With the seventh aspect of the invention, 

it is possible to change over the activated state 

of the engine generator between the electrical 

generation state of supplying the electric power to 

the outside and the state of being driven by 

electric power from the outside by changing the 

revolution speed of the generator part of the 

generator unit. Therefore, even if the electric 

power supplied to the outside slightly varies, it 

is possible to maintain the stabilized operating 

state of the engine. 

With the eighth aspect of the invention, 

if the engine is accelerated to have the revolution 

speed at which the electric power can be supplied 

from the engine when an increment rate of the load 

exceeds a predetermined value, the acceleration can 

be assisted by the generator part of the generator 

unit. Therefore, the acceleration time period of 

the engine can be shortened. Further, because the 
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generator part of the generator unit assists the 

acceleration of the engine, even if the engine is 

being accelerated, the engine can be activated 

while avoiding an abnormal combustion state. 

Therefore, if the load suddenly increases, 

sufficient electric power can be supplied from the 

engine generator. Therefore, it is possible to 

prevent the fuel consumption of the engine 

generator from degrading and to prevent black smoke 

from being generated. 

With the ninth aspect of the invention, 

since an engine brake can be activated, it is 

possible to consume the electric power supplied 

from the outside in the generator unit. Further, 

since the fuel supplied to the engine can be cut 

while the engine brake is activated, it is possible 

to suppress the fuel consumed by the engine. 

(Control method) 

With the tenth aspect of the invention, it 

is possible to activate the engine generator in the 

condition causing the fuel consumption to be the 

best in generating electric power. Therefore, the 

electric power can be most efficiently supplied to 

the outside. 

With the eleventh aspect, if the engine is 

accelerated to reach a predetermined revolution speed, 

the acceleration can be assisted by the generator part of 

the generator unit. Therefore, the time for accelerating 

the engine can be shortened. Further, because the 
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generator part of the generator unit assists the 

acceleration of the engine, even if the engine is being 

accelerated, the engine can be activated while avoiding 

the abnormal combustion state. Therefore, if the load 

suddenly increases, sufficient electric power can be 

supplied from the engine generator. Therefore, it is 

possible to prevent the fuel consumption of the engine 

generator from degrading and to prevent black smoke from 

being generated. With a twelfth aspect of the 

invention, when the engine reaches a predetermined 

revolution speed, the operation is quickly changed 

to the electric power generating operation by the 

engine. Therefore, load on the electric power 

accumulating unit can be reduced. 

According to the thirteenth aspect of the 

invention, the fuel consumption of the engine 

generator in the standby state can be improved. 

With the fourteenth aspect of the 

invention, it is possible to change over the 

activated state of the engine generator between the 

electrical generation state of supplying the 

electric power to the outside and the state of 

being driven by electric power from the outside by-

changing a torque of the generator part of the 

generator unit. Therefore, even if the electric 

power supplied to the outside slightly varies, it 

is possible to maintain the stabilized operating 

state of the engine. 

With the fifteenth aspect of the 

invention, if the engine is accelerated to have a 
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revolution speed at which the electric power can be 

supplied from the engine when an increment rate of 

the load exceeds a predetermined value, the 

acceleration can be assisted by the generator part 

of the generator unit. Therefore, the acceleration 

time period of the engine can be shortened. 

Further, because the generator part of the 

generator unit assists the acceleration of the 

engine, even if the engine is being accelerated, 

the engine can be activated while avoiding the 

abnormal combustion state. Therefore, if the load 

suddenly increases, sufficient electric power can 

be supplied from the engine generator. Therefore, 

it is possible to prevent the fuel consumption of 

the engine generator from degrading and to prevent 

black smoke from being generated. 

With the sixteenth aspect of the 

invention, it is possible to change over the 

activated state of the engine generator between the 

electrical generation state of supplying the 

electric power to the outside and the state of 

being driven by electric power from the outside by 

changing the revolution speed of the generator part 

of the generator unit. Therefore, even if the 

electric power supplied to the outside slightly 

varies, it is possible to maintain the stabilized 

operating state of the engine. 

With the seventeenth aspect of the 

invention, if the engine is accelerated to have a 

revolution speed at which the electric power can be 
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supplied from the engine when an increment rate of 

the load exceeds a predetermined value, the 

acceleration can be assisted by the generator part 

of the generator unit. Therefore, the acceleration 

time period of the engine can be shortened. 

Further, because the generator part of the 

generator unit assists the acceleration of the 

engine, even if the engine is being accelerated, 

the engine can be activated while avoiding the 

abnormal combustion state. Therefore, if the load 

suddenly increases, sufficient electric power can 

be supplied from the engine generator. Therefore, 

it is possible to prevent the fuel consumption of 

the engine generator from degrading and to prevent 

black smoke from being generated. 

With the eighteenth aspect of the 

invention, since the engine brake can be activated, 

it is possible to consume the electric power 

supplied from the outside in the generator unit. 

Further, because fuel supplied to the engine can be 

cut while the engine brake is activated, the fuel 

consumed by the engine is suppressed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block chart illustrating a 

schematic structure of a hybrid electric power 

device 1 for a crane of an embodiment. 

FIG. 2 is a flow chart illustrating 

starting-up operation and ordinary operation of the 

hybrid electric power device 1 for the crane of the 

16 



embodiment. 

FIG. 3 is a flow chart of an operating 

state occurring when load suddenly increases while 

an engine 20 is controlled to rotate in 

consideration of a revolution speed. 

FIG. 4 is another flow chart of an 

operating state occurring when load suddenly 

increases while an engine 20 is controlled to 

rotate in. consideration of a revolution speed. 

FIG. 5 is a flow chart of an operating 

siate in which a main unit MP undergoes a 

regeneration operation. 

FIG. 6 is a flow chart of an operating 

state occurring when load suddenly increases while 

the engine 20 is controlled in consideration of a 

torque. 

FIG. 7 is an exemplary characteristic 

graph of an engine 20 of an engine generator. 

FIG. 8 illustrates a temporal change of 

the speed of a hoisting motor MM in (A), a temporal 

change of required electric power when the hoisting 

motor MM is driven in (B), a temporal change of the 

engine revolution speed in (C), a temporal change 

of generated electric power by an engine generator 

10 in (D), a temporal change of discharged electric 

power from the electric power accumulating unit 40 

in (E), and temporal changes of an output only from 

the engine 20 and an assisting output from the 

generator unit 30 in (F) . 

FIG. 9 are schematic views of a portal 
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crane C in which the hybrid electric power device 1 

for the crane is installed of the embodiment,, 

wherein a front view of the portal crane is 

illustrated in (A) and a side view of the portal 

crane is illustrated in (B) . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The hybrid electric power device for the 

crane of the embodiment of the present invention is 

used in machineries such as a yard gantry crane of 

a rubber tired type and a j ib crane mounted with 

tires. The hybrid electric power device for the 

crane includes an engine generator and an electric 

power accumulating unit to thereby supply electric 

power to a working actuator such as a winch and a 

transversely running apparatus and drive the engine 

generator in a state of good fuel consumption 

regardless of a variation of a load by properly 

controlling the operation of the engine generator. 

Before explaining the hybrid electric 

power device 1 for the crane of an embodiment of 

the present invention, a structure of a crane in 

which the hybrid electric power device 1 for the 

crane of an embodiment is provided is briefly 

explained using a portal crane as an example. 

Referring to FIG. 9, a reference symbol C 

designates the portal crane. Referring to FIG. 9, 

(A) is a front view of the portal crane C, and (B) 

is a side view of the portal crane C. The portal 

crane C includes a portal frame F including a beam 
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K and pillars H supporting the beam K and a- pair of 

traveling sections provided at lower ends of the 

pillars H of the frame F. The travelling sections 

R, R include wheels S and a travelling motor RM. 

By driving the travelling motors RM, the portal 

crane C can be moved. 

Meanwhile, a trolley T running on the beam 

K of the frame F is provided. The trolley T 

includes a transversely running motor TM for 

transversely moving the trolley T and a hoisting 

machine M. for pulling up a cargo. The hoisting 

machine M includes a hoisting motor MM for winding 

up and feeding the wire to which a hoisting 

attachment TA such as a hook for suspending a cargo 

at the end of wire is attached. 

The hybrid electric power device 1 for the 

crane for supplying electricity to a travelling 

motor RM, a transversely running motor TM and the 

hoisting motor MM is provided in the frame F. 

Then, the hybrid electric power device 1 for 

the crane is described next. Referring to FIG. 1, a 

reference symbol MP designates a main unit of the porcal 

crane C or the like of the embodiment (hereinafter, the 

portal crane C or the like is referred to as crane 

equipment) . The main unit MP includes the travelling 

motor RM of the above traveling section R, a transversely 

running motor TM of the trolley T, and a working actuator 

such as the hoisting motor MM of the portal crane C. 

Referring to FIG. 1, the reference symbol 

SP designates a device (an assist unit) other than 
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the main unit MP in the crane equipment. The 

assist unit SP is other than the main unit MP in 

the crane equipment, for example, a control 

electric power, a power source for illumination and 

security, an ancillary electric motor or the like. 

Each motor included in the main unit MP has an 

inverter for controlling the alternating-current (AC) 

power supplied to the motors. The assist unit SP 

includes an assist unit inverter for controlling the AC 

power supplied to the assist unit SP. Because the assist 

unit S? is connected to a direct current bus bar La 

described later, there is a probability that the AC power 

supplied from the direct current bus bar La varies 

depending on the voltage variation if the engine 

generator. However, because the assist unit SP is 

connected to the direct current bus bar La via the assist 

inverter, the AC power supplied to the assist unit SP is 

controlled to have a stable voltage by the assist unit 

inverter. The main unit MP and the assist unit SP are 

outside loads. 

Referring to FIG. 1, the reference symbol La 

designates the direct current bus bar for supplying the 

direct current to the outside from the hybrid electric 

power device 1 for the crane. The direct current bus bar 

La is connected to the main unit MP and the assist unit 

SP to which the electric power is supplied from the 

hybrid electric power device 1 for the crane. 

The electric power regenerated by the motors 

of the main unit is supplied to the assist unit SP and 

the hybrid electric power device 1 for the crane via the 
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direct current bus bar La. The direct current bus bar La 

is adjusted to have a predetermined operation voltage for 

the hybrid electric power device 1 for the crane while 

the crane equipment is operating. 

(Explanation of the structure of the hybrid 

electric power device 1 for the crane) 

Referring to FIG. 1, the hybrid electric 

power device 1 for the crane includes an engine 

generator 10, an electric power accumulating unit 

40, an engine generator 10, and a control unit 2 

for controlling operation of the electric power 

accumulating unit 40. 

(Explanation of the engine generator 10) 

The engine generator 10 includes an engine 

20 and a generator unit 30 including a generator 

part 31 connected to an output shaft of the engine 

20. 

(Explanation of the engine 20} 

The engine 20 is a diesel engine provided 

with a supercharging mechanism such as a turbo 

charger. The engine 20 includes an engine body 21 

and an engine control part 22 for controlling 

active operation of the engine body 21. The engine 

control part 22 controls an operating state of the 

engine body 21 based on a command from the control 

unit 2. 

The engine 20 is not limited to the diesel 

engine provided with the supercharging mechanism 

such as the turbo charger and may be a diesel 

engine without a supercharging mechanism. 

21 



(Explanation of the generator unit 30) 

The generator unit 30 includes a generator 

part 31 and a generator control part 32 such as an 

inverter for controlling the operation of the 

generator part 31. 

The generator part 31 is provided with, for 

example, a built-in magnet type synchronous motor (an IPM 

motor) . However, the generator part 31 is not 

specifically limited, as long as the function of the motor 

is provided in addition to the function of the generator 

part. The main shaft of the generator part 31 is 

directly connected to the output shaft of the engine 20. 

The generator part 31 is connected to the engine 20 so 

that the revolution speed of the generator part 31 and 

the revolution speed of the output shaft of the engine 20 

constantly become the same or constantly have a 

predetermined ratio. The generator control part 32 has 

functions of controlling the operation of the generator 

part 31, for example functions of controlling torque 

generated in the generator part 31, the revolution speed 

of the generator part 31 and so on based on a command 

signal from the control unit 2. Specifically, the 

generator control parr 32 controls so that the revolution 

speed and the generated torque of the generator part 31 

match command values by determining the voltage and the 

frequency given to the generator part 31 based on a 

command sent from the control unit 2. 

The generator control part 32 controls the 

torque generated in the generator part 31 and the 

revolution speed of the generator part 31 and so on 



thereby switching between a state of supplying the 

electric power generated by the generator part 31 

to the direct current bus bar La and a state of 

operating the generator part 31 by receiving the 

supply of the electric power from the direct 

current bus bar La. 

(Explanation of the electric power accumulating 

unit 40) 

As illustrated in FIG. 1, an electric 

power accumulating unit 40 is connected to the 

direct current bus bar La so that the electric 

power accumulating unit 40 is arranged in parallel 

to the engine generator 10. The electric power 

accumulating unit 40 includes a buck-boost 

converter 42 and an electric power accumulator 41 

such as a battery and a capacitor which can be 

charged and discharged. The electric power 

accumulator 41 is connected to the direct current 

bus bar La via the buck-boost converter 42. Said 

differently, the electric power accumulating unit 

40 can supply the electric power from the electric 

power accumulator 41. to the main unit MP and the 

engine generator 10 via the buck-boost converter 42 

and the direct current bus bar La. Meanwhile, the 

electric power from the main unit MP and the engine-

generator 10 can be charged to the electric power 

accumulator 41. 

The electric power accumulating unit 40 

includes the electric power control unit 43. The 

electric power control unit 43 has a function of 
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monitoring a charger rate of the electric power 

accumulator 41 and a function for controlling 

operation of the buck-boost converter 42. The 

function for controlling the operation of the buck-

boost converter 42 is to switch over boosting 

operation, bucking operation and cutoff operation 

based on an electric power command signal sent from 

the control unit 2. 

The boosting operation is to boost the 

voltage of the direct electric power (hereinafter, 

referred to as the voltage on the electric power 

accumulator side) supplied from the electric power 

accumulator and output the boosted direct electric 

power to the direct current bus bar La for a 

predetermined time period at a predetermined 

timing. 

The bucking operation is to buck the voltage of 

the direct current bus bar La and supply the 

electric power from the direct current bus bar La 

to the electric power accumulator 41. The cutoff 

operation is to electrically cut off a connection 

between the electric power accumulator 41 ana the 

direct current bus bar La. 

Since the electric power accumulating unit 

40 is structured as described above, if the buck-

boost converter 42 is controlled to do the boosting 

operation, it is possible to supply a direct-

current (DC) power having a predetermined amount of 

voltage higher than the voltage on the side of the 

electric power accumulator from the electric power 
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accumulator 41 to the direct current bus bar La at 

a predetermined timing. Said differently this 

direct current can be supplied for a predetermined 

time . 

Meanwhile, if the buck-boost converter 42 

is controlled to do the bucking operation, it is 

possible to output the electric power from the 

direct current bus bar La to the side of the 

electric power accumulator 41. Therefore, the 

electric power accumulator 41 can be charged by 

supplying the direct electric power to the electric 

power accumulator 41. 

The electric power control unit. 43 

ordinarily controls the voltage of the direct 

current bus bar La so as to maintain a 

predetermined operation voltage. Said differently, 

if the voltage of the direct current bus bar La 

becomes higher than a predetermined operation 

voltage, the electric power accumulator 41 is 

charged. On the contrary, if the voltage of the 

ciirect current bus bar La becomes lower than a 

predetermined operation voltage, the electric power 

accumulator 41 supplies the electric power. 

(Explanation of the control unit 2) 

The control unit 2 controls operation of 

the above engine generator 10 and the operation of 

the electric power accumulating unit 40. 

Information (input information) input into 

the control unit 2 is, for example, information 

related to operating states of the main unit MP and 
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the assist unit SP, namely electric power (e.g., a 

current value) supplied to the main unit MP and the 

assist unit SP, battery information such as a 

charging rate, a battery current value, a battery 

voltage value and so on of the electric power 

accumulating unit 40, a current value supplied from 

the generator control part 32 to the direct current 

bus bar La, and an operating state of the engine 20 

such as the revolution speed and the fuel injection 

amount. However, needless to say, the input 

information is not limited thereto. 

The control unit 2 includes an electric power 

load calculating part 2a calculating electric power 

loaded on the engine generator 10 and the electric power 

accumulating unit 40 and a command signal sending part 2b 

generating a command signal sent to the engine generator 

10 and send the command signal. 

(Explanation of the electric power load calculating part 

2a) 

The electric power load calculating part 2a 

has a function of calculating all electric power which 

should be supplied to the direct current bus bar La. from 

the engine generator 10 and the electric power generator 

40. Said differently, there is a function of calculating 

the direct electric power (hereinafter, referred to as 

required electric power) which should be supplied from 

the engine generator 10 and the electric power 

accumulating unit 40 to the direct current bus bar La. 

Specifically, the required electric power is a sum of 

electric power (electric power required for main unit) 
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required for activating the motcrs of the main unit MP, 

electric power (assisting required electric power 

required for assisting) for the hybrid electric power 

device 1 for the crane, and power (electric power 

required for assist unit) required for operating the 

assist unit SP. 

The electric power load calculating part 2a 

has a function of calculating direct electric power 

(hereinafter, referred to as outside electric power) 

supplied from the main unit MP to the direct current bus 

bar La while the main unit MP generates, said 

differently, the electric power input in the hybrid 

electric power device 1 for the crane. 

The electric power load calculating part 

2a has a function of determining a loading ratio of 

electric power loaded on the engine generator 10 

and the electric power accumulator 41 of the 

electric power accumulating unit 40 based on the 

required electric power and the charging rate of 

the electric power accumulator 41 or the like. The 

electric power load calculating part 2a further has 

functions of sending an electric power command 

signal including information related to the loading 

ratio including information of electric power 

(electric power loaded on the engine) loaded on the 

engine generator 10 to the command signal sending 

part 2b and of sending an electric power command 

signal including information related to the loading 

ratio including information of electric power 

(electric power loaded on the electric power 
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accumulator) loaded on the electric power 

accumulating unit 40 to the electric power control 

unit 43. 

The loading ratio loaded in the engine 

generator 10 and the electric power accumulating 

unit 40 may be appropriately set. For example, the 

loading ratio may be 50% to 50% (1:1} if the main 

unit MP is in an ordinary operation state. If the 

charging rate of the electric power accumulator 41 

is high, the loading ratio of the electric power 

accumulator 41 may be increased to thereby decrease 

the load on the engine generator 10. In this case, 

because the load on the engine generator is 

decreased, the engine generator 10 may carry out an 

energy saving operation. On the other hand, if the 

charging rate of the electric power accumulator 41 

is low, the loading ratio of the electric power 

accumulator 41 may be decreased to thereby operate 

the engine generator 10 so as to prevent the 

charging rate of the electric power accumulating 

unit 40 from decreasing. As described, the 

electric power load calculating part 2a calculates 

the electric power loaded on the engine based on 

the required electric power from the outside load 

and the charging electric power for the electric 

power accumulating unit 40. 

When it is detected by the electric power 

load calculating part 2a that the required electric 

power suddenly increases, the electric power load 

calculating part 2a can also calculate a level of 
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the maximum electric power required in the future 

(a predicted maximum electric power) and the timing 

of requirements of the predicted maximum electric 

power. 

A case where the required electric power 

suddenly increases is, for example, when starting 

to wind up a rope in a crane. A method for 

detecting the sudden increment of the required 

electric power is not specifically limited. For 

example, when the crane is wound up it is possible, 

by detecting how levers and so on for operating a 

hoisting machine are operated and by detecting an 

increment rate of electric power specifically 

generated in starting to wind the crane, to predict 

the maximum electric power. 

The predicted maximum electric power can 

be calculated by previously input data of a cargo 

hoisted up or can be predicted by previously 

testing the hoist of the cargo by the crane and 

correcting data of the test. However, the method 

of obtaining the predicted maximum electric power 

is not specifically limited. 

(Explanation of the command signal sending part 2b) 

The command signal sending part 2b has 

functions of generating a signal indicative of the 

operating state based, on an electric power loaded 

on the engine calculated by the above electric 

power load calculating part 2a and sending the 

generated signal. The signal indicative of the 

operating state is a torque command signal 
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indicative of the torque generated by the engine 

generator 10, a revolution speed command signal 

indicative of the revolution speed of the engine 

generator 10 or the like. 

In order to generate the torque command 

signal and the revolution speed command signal, the 

command signal sending part 2b has a function of 

calculating an output torque and a revolution, speed 

for generating electricity while maintaining a good 

fuel consumption relative to the electric power 

loaded on the engine. Although a method of 

calculating the output torque and the revolution 

speed by the functions is not specifically limited, 

for example, there is a method of calculating the 

output torque and the revolution speed based on a 

correlation (map) indicative of a relationship 

between the electric power and the output torque of 

the engine generator enabling generation of the 

electric power with the smallest fuel consumption 

and a map indicative of a relationship between the 

output torque of the engine generator 10 and the 

revolution speed and a fuel supply amount (an 

amount of fuel injection) enabling output of the 

output torque with the smallest fuel consumption or 

the like. 

An example of the map used for calculating 

the output torque and the revolution speed of the 

engine generator 10 is illustrated in FIG. 7. FIG. 7 

is a characteristic diagram of the engine generator 10. 

Referring to FIG. 7, the right axis of abscissa 
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designates the engine torque, the left axis of abscissa 

designates the engine output, dotted lines designate 

equal output lines PI to P8, and solid lines designate 

equal fuel consumption lines al to a5. Outputs of the 

equal output lines increase from PI to PS, and fuel 

consumptions of the equal fuel consumption lines decrease 

from a5 to al. The bold solid line illustrates the 

maximum torque line indicative of the capability of the 

engine output. 

By using the map with reference to the 

electric power loaded on an engine, it is possible 

to obtain the engine torque and the engine 

revolution speed with which the electricity is 

generated while maintaining the smallest fuel 

consumption. Said differently, if the required 

electric power loaded on an engine is P3, the fuel 

consumption changes from cd or less to a5 or more 

depending on the revolution speed of the engine. 

If the engine revolution speed is selected so that 

a cross point between the engine torque and the 

revolution speed of the engine is positioned inside 

a region surrounded by al (for example, a state tl 

in which the engine torque is x2 and the revolution 

speed is N2), the electricity can be generated with 

good fuel consumption. By selecting the engine 

torque and the revolution speed of the engine so 

that the cross point between the engine torque and 

the revolution speed of the engine is positioned in 

a region where the fuel consumption becomes the 

smallest, it is possible to generate electricity 
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while making the fuel consumption small. 

The information from the various units is 

input into the control unit 2. The control, unit 2 

controls the operations of the engine generator 10 

and the electric power accumulating unit 40 by 

sending command signals to the engine generator 10 

and the electric power accumulating unit 40 based 

on the input information. 

The command signal sending part 2b 

controls an ordinary operation mode under an 

ordinary operation, and has a function for 

controlling with an acceleration mode when the 

required electric power suddenly increases. 

In the ordinary operation, the engine 

generator 10 is controlled to have the output 

torque and the revolution speed enabling generation 

of electricity while the fuel consumption is low 

based on the electric power loaded on the engine. 

In the acceleration mode, the revolution 

speed of the engine generator 10 is controlled to 

reach a revolution speed (a target revolution 

speed) enabling the most efficient generation of 

the electric power loaded on the engine with the 

engine generator 10 before a timing (a prediction 

timing) reaches the predicted maximum electric 

power when the required electric power required by 

the main unit MP suddenly increases. 

In order to control as described above in 

the acceleration mode, the command signal part 2b 

produces time variation data of the revolution 
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speed and generates the revolution speed command 

signal based on the time variation data of the 

revolution speed and sends the generated signal. 

The time variation data of the revolution speed are 

used to increase the revolution speed of the engine 

generator 10 until the revolution speed reaches the 

target revolution speed. For example, the time 

variation data of the revolution speed are data 

indicating a rate of the time variation, data 

indicating revolution speeds for predetermined time 

intervals, and so on. However, the time variation 

data are not specifically limited. 

The method of producing the time variation 

data of the revolution speed is not specifically 

limited. It is possible to adopt a method of 

selecting appropriate data from, the time variation 

data of plural revolution speeds stored in the 

command signal sending part 2b based on a 

difference between the present revolution speed and 

the target revolution speed for a period between 

the present time and the predicted timing. It is 

also possible to adopt a method of producing the 

time variation data of the revolution speed using 

ramp function based on a time period between the 

present time and the prediction timing, the present 

revolution speed, the target revolution speed and 

the like. 

The target revolution speed may be a 

revolution speed for generating a rated output of 

the engine generator 10 irrespective of a value of 



the predicted maximum electric power. In this 

case, even though the actual maximum power exceeds 

the predicted maximum electric power or the load 

suddenly increases from a time when the predicted 

maximum electric power is calculated, it is 

possible to prevent the electric power supplied 

from the engine generator 10 from running short. 

If the electric power load calculating part 2a does 

not have a function of calculating a prediction 

timing, the target revolution speed is rendered to 

be a revolution speed generating the rated output 

of the motor generator 10 to thereby prevent the 

electric power from running short. 

The method of calculating the prediction 

timing is not specifically limited. For example, 

by previously input data of a cargo to be hoisted 

up, the prediction timing can be calculated based 

on the weight of the cargo and an increment rate of 

the electric power, or by previously testing to 

hoist up the cargo by a crane, the prediction 

timing can be estimated based on the data. Thus, 

the method is not specifically limited. 

Further, if an electric power load 

calculating part 2a does not have a function of 

calculating the prediction timing, the revolution 

speed command signal may be formed to reach the 

target revolution speed after a passage of the 

predetermined period after detecting a sudden 

increment of the required electric power. For 

example, in a case of a diesel engine provided with 
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a supercharging mechanism such as a turbo charger, 

the revolution speed command signal may be formed 

so as to reach the target revolution speed within a 

time period of about 0.5 second in consideration of 

a time lag (e.g., 3 to 4 seconds) between 

initiation of acceleration and an activation of the 

supercharging mechanism. 

Further, the command signal sending part 

2b has a function for controlling in the 

regeneration mode when the main unit MP carries out 

the regeneration operation. 

The regeneration mode is a control mode of 

operating the engine 20 of the engine generator 10 

as a means for consuming energy. 

In order to carry out the control in the 

regeneration mode as described above, the command 

signal sending part 2b of the control unit 2 has a 

function of producing a revolution speed command 

signal indicative of the revolution speed of the 

engine 20 and a revolution speed command signal of 

the generator part indicative of the revolution 

speed of the generator part 31 of the generator 

unit. 

With this function, the revolution speed 

command, signal of the engine 20 is produced so that 

the engine 20 operates at an idling speed, and the 

revolution speed command signal of the generator 

part 31 is produced so that the generator part 31 

operates at a speed of the idling speed + a. With 

this, the engine functions as the load consuming 
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the energy. 

The revolution speed of the revolution 

speed command signal of the engine may be slightly 

slower than the revolution speed of the revolution 

speed command signal of the generator part 

irrespective of the above mentioned revolution 

speeds. 

(Explanation of the structure of the hybrid 

electric power device for the crane) 

The operation of the hybrid electric power 

device for the crane having the above mentioned 

structure is described. 

(1) Explanation of starting-up of the hybrid 

electric power device 1 for the crane 

The starting-up of the hybrid electric 

power device 1 for the crane is described based on 

FIG. 2. 

1) Starting up the engine 20 

The hybrid electric power device 1 for the 

crane is started up by a start-up switch or the 

like in step SI. Then, the engine 20 of the engine 

generator 10 is started in step S2. The control 

unit 2 is prevented from starting up at a time of 

starting up the hybrid electric power device 1. 

The started-up engine 20 is controlled so 

that the engine body 21 is maintained in the idling 

state by the engine control part 22. Said 

differently, the revolution speed of the engine 

body 21 is increased to reach the idling speed. 

2) Starting up the assist unit SP 
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When the engine 20 of the engine generator 10 

is started-up, the generating part 31 of the generator 

unit 30 starts to generate electricity. When the voltage 

of the direct current bus bar La is maintained to be a 

minimum operation voltage with which the assist unit SP 

is operable by the electric, power supplied from the 

generator part 31, the inverter inside the assist unit SP 

is started up in step S3. 

If the generator control part 32 includes 

an inverter, the electric power generated by the 

generator part 31 undergoes three-phase full-wave 

rectification by a diode bridge of the inverter. 

The rectified electric power is used to charge the 

condenser of the inverter connected to the direct 

current bus bar La. 

If the generator part 31 of the generator-

unit 30 is an ordinary generator having field 

winding, in order to prevent a problem caused by a 

sudden increment of the electric current supplied 

to the direct current bus bar La, it is necessary 

to provide a function of restricting an initial 

charge current in the generator control part 32. 

On the other nana, if an IPM motor is used as the 

generator part 31, the generating voltage of the 

generator part 31 increases as the revolution speed 

of the engine body 21 increases. Therefore, there 

is an advantage that the function of restricting an 

initial charge current in the generator control 

part 32 can be omitted. 

3) Starting up the control unit 2 
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When the inverter inside the assist unit 

S? starts up, the electric power necessary for 

controlling the hybrid electric power device 1 for 

the crane is obtained. Therefore, the control unit 

2 of the hybrid electric power device 1 for the 

crane is started up and the hybrid electric power 

device 1 for the crane is operated in step S4. 

The engine generator 10 and the electric 

power accumulating unit 4 0 are controlled by the 

started-up control unit 2. The direct current bus 

bar La is maintained to have a predetermined 

operation voltage by the electric power supplied 

from both the engine generator 10 and the electric 

power accumulating unit 40. Then, the hybrid 

electric power device 1 for the crane is completely 

started up and the main unit MP can be operated. 

Said differently, the crane equipment becom.es 

operable. 

The operation voltage of the direct 

current bus bar La is set higher than the maximum 

value of a voltage to be supplied to the outside by 

ordinary generation by the generator part 31 in 

order to prevent the electric power (an amount, of 

the electric current) supplied from the engine 

generator 10 to the direct current bus bar La from 

becoming uncontrollable. The electric power may 

not be supplied to the direct current bus bar La by 

the ordinary generation of the electric power by 

the generator part 31. However, in the hybrid 

electric power device 1 for the crane of the 
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embodiment, the generator control part 32 controls 

the generator part 31 to be in a regenerative 

braking state to enable supplying the electric 

power from the generator part 31 to the direct 

current bus bar La. 

If an electric power supplying means is 

provided to supply electric power necessary to control 

the hybrid electric power device 1 for the crane in 

addition to the inverter in the assist unit SP, the 

hybrid (electric power device 1 for the crane may be 

started up before starting up the inverter in the assist 

unit SP. 

(2) Operating the crane equipment 

In the hybrid electric power device 1 for 

the crane of the embodiment, the operation is 

changed in response to an operating condition of 

the main unit MP, namely the electric power 

required by the main unit MP, while the crane 

equipment is operating. Specifically, the 

following states are structured to operate with 

appropriate conditions: 

1) Waiting state; 

2) Ordinary operation state; 

3) Sudden increment of the required electric power 

for the main unit MP; and 

4) Regeneration operation of the main unit MP. 

Next, operations of the hybrid electric power 

device 1 for the crane of the embodiment in the 

states 1) to 4) are described. 

When the control unit 2 sends the 
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revolution speed command signal to the engine 

control part 22, the torque command signal is sent 

to the generator control part 32. On the contrary, 

when the torque command signal is sent to the 

engine control part 22, the revolution speed 

command signal is sent to the generator control 

part 32. 

Therefore, a case where the revolution 

speed command signal is sent from the engine 

control part 22 to the control unit 2, and the 

torque command signal is sent to the generator 

control part 32 is described as a first embodiment. 

First Embodiment 

1) Waiting state 

While all of the motors in the main unit 

MP are not operated (the waiting state), the 

electric power is consumed only by the hybrid 

electric power device 1 for the crane and the 

assist unit SP. in this case, the electric power 

necessary for operating the hybrid electric power 

device 1 for the crane and the assist unit SP and 

the electric power enabled to maintain the direct 

current bus bar La to have the operation voltage is 

supplied to the direct current bus bar La. under 

the state, the electric power necessary for 

operating the hybrid electric power device 1 for 

the crane and the assist unit SP is controlled to 

be mostly supplied from the engine generator 1. 

Meanwhile, in the waiting state, the 
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electric power accumulating unit 40 operates the 

electric power accumulator 41 by charging and 

discharging the electric power accumulator 41 to 

maintain the voltage of the direct current bus bar 

La to be the operation voltage. Therefore, the 

charging rate of the electric power accumulator 41 

increases and decreases along with the charge and 

discharge. 

Therefore, if the charging rate of the 

electric power accumulating unit 40 becomes a 

predetermined value or less, the control unit 2 

controls the engine generator 10 to supply the 

electric power charging the electric power 

accumulating unit 4 0 in addition to the electric 

power necessary for operating the hybrid electric 

power source device 1 for the crane and so on. 

Said differently, the control unit 2 sends the 

revolution speed command signal and the torque 

command signal so that the engine generator 10 is 

operated at the revolution speed for generating the 

electric power as much as the sum of the electric 

power necessary for operating the hybrid electric 

power source device 1 for the crane and so on and 

the electric power necessary for charging the 

electric power accumulating unit 40. The engine 

generator 10 operates accordingly. When the 

charging rate of the electric power accumulator 41 

is recovered to a predetermined charging rate or 

more, the engine generator 10 is returned to an 

original operating state. 
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On the contrary, if the charging rate 

increases, the engine generator 10 is controlled so 

that the electric power supplied from the engine 

generator 10 to the direct current bus bar La 

becomes smaller than the electric power necessary 

for operating the hybrid electric power source 

device 1. Thus, the electric power accumulator 41 

discharges electricity to recover the predetermined 

charging rate. 

Said differently, the control unit 2 

controls the charging rate of the electric power 

accumulator 41 to be in a predetermined range. The 

operating state of the engine generator 10 is 

appropriately changed to adjust the charging rate 

of the electric power accumulator 41 in response to 

the charging rate of the electric power accumulator 

41. 

When the main unit MP is not operated (in 

the waiting state), the electric power required by 

the main unit MP is small. Therefore, it is 

preferable to control the engine generator 10 to be 

in an operating state in which the highest electric 

power generating efficiency among all operating 

states is obtained, namely the operation state in 

which the smallest fuel consumption is obtained. 

In this case, it is possible to suppress the fuel 

consumption of the engine generator 10 to thereby 

maintain the operation efficiency of the hybrid 

electric power device 1 for the crane at a high 

level. 
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2) Ordinary operation state (step S5) 

Referring to FIG. 2, the ordinary 

operation of the hybrid electric power device 1 for 

the crane is described. 

For ease of explanation, the ordinary 

operation of the hybrid electric power device 1 is 

compared to an ordinary operation in a portal crane 

illustrated in FIG. 9. 

Although the voltage of the required 

electric power varies in the ordinary operation, 

the rate of the variation, namely an increment rate 

and a decrement rate of the required voltage are 

small. For example, in the portal crane 

illustrated in FIG. 9 or the like, the hoisting 

motor MM does not operate. However, a travelling 

motor RM and a transversely running motor TM are 

driven. 

In the ordinary operation state, the 

control unit 2 (e.g., the electric power load 

calculating part 2a) calculates electric power 

necessary for inverters included in the various 

motors of the main unit MP (specifically, an 

inverter for travelling, an inverter for 

transversely running, an inverter for assist unit 

and an inverter for hoisting). Thus, the required 

electric power for the main unit MP is calculated 

in step S6. 

Then, the control unit 2 determines 

whether the increment rate of the required electric 

power exceeds a predetermined threshold value. If 
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the increment rate does not exceed the threshold 

value, the control unit 2 determines that the main 

unit MP is in the ordinary operation state in step 

SI. Then, the control unit 2 controls to maintain 

the ordinary operation state in step S8. 

In driving the travelling motor RM and the 

transversely running motor TM, because of inertia 

force of devices and units caused in driving the 

travelling motor RM and the transversely running 

motor TM is small, an increment rate of the 

required electric power does not ordinarily exceed 

a predetermined threshold value. 

When it is determined that the hybrid 

electric power device 1 for the crane is in the 

ordinary operation state, the electric power to be 

loaded on the engine generator 10 and the electric 

power accumulating unit 40 is calculated by the 

electric power load calculating part 2a of the 

control unit 2. Then, the command signal sending 

part 2b calculates the output torque and the 

revolution speed, by which electricity is generated 

with the small fuel consumption, relative to and 

based on the electric power loaded on the engine. 

Then, the revolution speed command signal 

containing information of the calculated, revolution 

speed and a torque command signal containing 

information of the calculated output torque are 

generated and sent respectively to the engine 

control part 22 and the generator control part 32. 

At the same time, the electric power load 

44 



calculating part 2a. sends the electric power 

command signal containing information of the 

electric power to be loaded on the electric power 

accumulator to the electric power control unit 43. 

The engine control part 22 of the engine 

20 controls the engine body 21 so as to maintain, 

the revolution speed of the engine 20 based on a 

command for the revolution speed contained in the 

revolution speed command signal. Specifically, the 

engine body 21 is controlled so as to maintain the 

above revolution speed using a speed regulator 

(hereinafter, simply referred to as a governor). 

On the other hand, the generator control 

part 32 of the generator unit 30 is controlled so 

that the generator part 31 generates the torque 

indicated by the torque command signal. The torque 

of the generator part 31 is controlled so that the 

generator part 31 generates the electric power 

loaded on the engine at the above revolution speed. 

Then, the electric power corresponding to the 

revolution speed of the engine 20 and the torque of 

the generator part 31 is generated and the electric 

power corresponding to the indicated electric power 

loaded on the engine is supplied to the direct 

current bus bar La. 

The electric power to be loaded on the 

electric power accumulating unit 40 is supplied to 

the direct current bus bar La based on the electric 

power supplying instruction. 

Therefore, the predetermined electric 
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power can be supplied from the engine generator 10 

and the electric power accumulating unit 40 to the 

direct current bus bar La. Said differently, the 

required electric power can be supplied from the 

hybrid electric power device 1 for the crane to the 

main unit MP. 

Furthermore, the fuel consumption of the 

engine generator 10 can be improved because the 

engine body 2.1 of the engine generator 10 is 

controlled to be in the operating state with which 

the engine generator 10 can most efficiently 

generate the electric power loaded on the engine. 

The electric power load calculating part 

2a of the control unit 2 constantly monitors the 

required electric power to change the electric 

power to be loaded on the engine generator 10 and 

the electric power accumulating unit 40 along with 

the variation of the required electric power. 

Then, the command signal sending part 2b changes 

the command signal sent to the engine generator 10. 

Therefore, even though the required electric power 

changes, the engine generator 10 can be controlled 

to be in the optimal operating state. 

Referring to FIG. 1, an influence on the fuel 

consumption by the variations of the revolution speed of 

the engine and the engine torque in the ordinary 

operation is described. Referring to the characteristic 

graph of the engine illustrated in FIG. 7, the command 

signal sending part 2b may calculate the engine torque 

and the revolution speed of the engine. In this case, 
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the engine generator 10 may be driven under conditions 

that the engine torque is il and the revolution speed of 

the engine is Nl, namely the required electric power is 

PI or less at a point tO in FIG. 7. 

The electric power required by the main 

unit MP may increase from the conditions. In this 

case, if the electric power load calculating part 

2a calculates the electric power loaded on the 

engine P3, the electric power command signal may be 

sent. After the electric power command signal is 

received by the command signal sending part 2b, the 

command signal sending part 2b can output the 

electric power loaded on the engine P3 based on the 

engine characteristic graph of FIG. 7 and can 

calculate a target revolution speed N2 and an 

engine torque x2 at a cross point tl in a region 

inside al where the fuel consumption is the 

smallest. 

According to the instruction from the 

command signal sending part 2b, the operation of 

the engine generator 1 is changed so that the 

revolution speed of the engine is N2 and the engine 

torque is i2, the engine generator 10 can output 

the electric power P3 loaded on the engine while 

the fuel consumption is the smallest. 

2) Sudden increment of the required electric power 

for the main unit MP 

The case where the required electric power 

for the main unit MP of the hybrid electric power 

device 1 for the crane suddenly increases is 
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described based on FIG. 3. 

For esse of explanation, the ordinary 

operation of the hybrid electric power device 1 is 

compared to an ordinary operation in the portal 

crans illustrated in FIG. 9. 

When the hoisting motor MM is driven in 

the ordinary operation state or the waiting state 

so as to drive the hoisting motor, the control unit 

2 calculates electric power required by the 

inverter of hoisting using the control unit 2 

(electric power load calculating part 2a). In a 

manner similar to an ordinary operation state, the 

required electric power for the main unit MP is 

calculated to thereby determine whether the 

increment rate of the required electric power 

exceeds a predetermined threshold. Electric power 

required by the other inverters is also calculated. 

In this, acceleration of a hoisting motion 

of the hoisting motor is unlike those in travelling 

and transversely running described above. Said 

differently, it is necessary to hoist up within a 

predetermined time. Therefore, a great amount of 

electric power needs to be supplied to the inverter 

for hoisting. Furthermore, the hoisting motor MM 

rotates a flywheel for hoisting a rope and so on. 

Therefore, a great inertia force has an influence 

on an overall hoisting mechanism. When the 

hoisting motor MM is driven, the increment rate of 

the required electric power exceeds a predetermined 

threshold value. 
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When the required electric power exceeds 

the predetermined threshold value, namely the 

required electric power suddenly increases, if the 

engine generator 10 is suddenly accelerated so as 

to follow the sudden increment of the required 

electric power, the combustion state of the engine 

generator is degraded. In the worst case, the 

engine stalls to thereby stop the entire system. 

Therefore, in the hybrid electric power 

device 1 for the crane of the first embodiment, if 

the control unit 2 detects that the increment rate 

of the required electric power for the main unit MP 

exceeds a predetermined value, the engine generator 

10 is structured to operate under an acceleration 

mode described later in order to prevent 

deterioration of the combustion state of the engine 

generator 10 (see FIG. 3). 

When the control unit 2 detects that the 

increment rate of the required electric power for 

the main unit MP exceeds a predetermined value, a 

control in the acceleration mode is started in step 

S20. The electric power load calculating part 2a 

calculates predicted maximum electric power and a 

timing when the predicted maximum electric power is 

obtained in step S21. Then, the electric power 

loaded on the engine is calculated. When the 

calculated electric power loaded on the engine is 

sent to the command signal sending part 2b, the 

command signal sending part 2b calculates the 

revolution speed of the engine 20 with which the 
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predicted maximum electric power is most 

efficiently output in step S22. 

When the target revolution speed is 

calculated, a time variation data of the revolution 

speed is generated by the command signal sending 

part 2b in step S23. Based on the time variation 

data of the revolution speed, the revolution speed 

command signal is sequentially sent to the engine 

control part 22 of the engine generator 10 in step 

S24 . 

On the other hand, in the acceleration 

mode, the command signal sending part 2b sends a 

revolution speed command signal including the same 

information as the revolution speed command signal 

sent to the engine control part 22 to the generator 

control part 32 to which the torque command signal 

is sent in the ordinary operation in step S24. 

As described, the revolution speed command 

signals containing the same information of the 

revolution speed are sent to both the engine 

control part 22 and the generator control part 32, 

the generator part 31 assists the engine 20 to 

increase the revolution speed of the engine. Thus, 

the acceleration period of the engine 20 is 

shortened while preventing degradation of the 

combustion state of the engine 20. 

The reason why the degradation of the 

combustion state of the engine 20 can be prevented 

when the generator part 31 assists the increment of 

the revolution speed of the engine 20 is as 
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follows. 

When the revolution speed of the engine 20 

is accelerated from the present revolution speed to 

the target revolution speed, the governor operates 

so as to increase the fuel supply amount to an 

extent of avoiding the degradation of the 

combustion state. 

When the increment rate of the required 

revolution speed is high, even though the fuel 

supply amount is increased to the above described 

extent, the revolution speed of the engine 20 may 

not follow the required revolution speed. This is 

because responsivity of the engine 20 is low. More 

specifically, if the amount of injecting to the 

engine 20 becomes great, the air to be supplied is 

insufficient. Therefore, the engine may not 

accelerate. 

Therefore, the revolution speed of the 

engine 20 is not sufficiently accelerated to 

thereby cause a delay in the acceleration. The 

governor is apt to supply a greater amount of the 

fuel to increase the revolution speed. In this 

case, the fuel is excessively supplied ana 

therefore the combustion state is degraded. Under 

the state in which the revolution speed and a 

supercharging rate do not increase, the engine 20 

may not generate a high output by a transient 

phenomenon. Therefore, if the load on the engine 

is excessively great, there is a probability that 

the engine 20 stalls. 
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If th-e generator part 31 is instructed to 

increase its revolution speed under the same 

condition as the engine 20, the revolution speed of 

the generator part 31 is accelerated in a required 

rate of increasing the revolution speed. Therefore, 

if there is a delay in the acceleration of the 

engine 20 and the acceleration of the generator 

part 31 is delayed, the generator control part 32 

controls to increase the torque applied to the main 

shaft of the generator part 31 in order to 

accelerate the generator part 31 at the designated 

rate of increasing the revolution speed. Said 

differently, the generator part 31 is operated as a 

driving means of driving the engine 20 by the 

direct electric current supplied from the direct 

current bus bar La. The torque applied at this 

time corresponds to a difference between the torque 

generated by the engine 20 when the fuel supply 

amount is increased to an extent of avoiding the 

deterioration of the combustion state and the 

torque inherently necessary to accelerate the 

engine 20. Said differently, the torque 

insufficiency for increasing the revolution speed 

of the engine 20 is assisted by the generator part 

31 . 

When the generator part 31 assists the 

engine 20, the fuel supplied to the engine 20 is 

suppressed to be an amount with which the 

combustion state is not deteriorated. 

Therefore, the acceleration period of the 
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engine 20 can be shortened while preventing the 

deterioration of the combustion state of the engine 

20 . 

There is a case where the engine is 

assisted by the generator part 31 by supplying 

power (torque) to the engine body 21 (a flywheel 

for ths engine) and a case where the generator part 

31 accelerates by itself to reduce the load on the 

engine body 21 to assist the acceleration of the 

engine body 21. 

The command signal sending part 2b detects 

whether the revolution speed reaches the target 

revolution speed. Until the revolution speed 

reaches the target revolution speed, the operation 

is continued in the acceleration mode in step S25. 

When the engine 20 reaches the target 

revolution speed, the command signal sending part 

2b generates the revolution speed command signal 

and the torque command signal so that the engine 20 

is operated in the operating state with which the 

power loaded on the engine corresponding to the 

required electric power can be most effectively 

generated. The control returns to the ordinary 

operation state in step S26. 

In the acceleration mode, the control is 

carried out as described above. Therefore, if the 

revolution speed of the engine generator 10 reaches 

the revolution speed with which the engine 

generator 10 can supply the electric power loaded 

on the engine in the predicted maximum electric 
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power before the predicted maximum electric power 

is required, it is possible to reliably supply the 

electric power loaded on the engine to the direct 

current bus bar La when the predicted maximum 

electric power is required. 

While the control is done in the 

acceleration mode, the electric power is supplied 

from the electric power accumulator 41 so as to 

maintain the direct current bus bar La to be at the 

operation voltage. Said differently, not only the 

required electric power but also all the electric 

power containing the electric power required for 

operating the generator part 31 are supplied from 

the electric power accumulator 41 and the direct 

current bus bar La is maintained to have the 

operation voltage. 

Further, the above description is the case 

where the command signal sending part 2b sends the 

revolution speed command signal to the generator 

control part 32 while the control is done in the 

acceleration mode. However, referring to FIG. 4, 

the generator part 31 may assist the engine 20 by 

calculating the required torque using the known 

inertia force inherent in the engine generator 10, 

a predetermined rise-up time (5 seconds) and the 

target revolution speed and inputting the 

calculated torque as the torque command into the 

generator control part 32 as in step S24a. Thus, 

the generator part 31 may assist the engine 20 

(FIG. 4) . 
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Referring to FIG. 8, an example of 

carrying out the acceleration mode in the portal 

crane C illustrated in FIG. 9 is described. 

FIG. 8 illustrates a temporal change of 

the speed of a hoisting motor MM in (A), a temporal 

change of required electric power when the hoisting 

motor MM is driven in (B), a temporal change of the 

engine revolution speed in (C), a temporal change 

of the generated electric power by the engine 

generator 10 in (D), a temporal change of the 

discharged electric power from electric power 

accumulating unit 40 in (E) , and temporal changes 

of the output only from the engine 20 and the 

assisting output from the generator unit 30 in (F). 

When the hoisting motor hoists up the rope, 

the acceleration of the revolution speed of the 

hoisting machine is required to end within a 

predetermined time t2 (e.g., 5 seconds) due to the 

specification of the crane and the revolution speed 

of the hoisting machine is required to be changed 

to a constant rate as illustrated in (A) of FIG. 8. 

Therefore, the required electric power is 

calculated so that the acceleration is finished 

within the predetermined time t2 (e.g., 5 seconds) 

as illustrated in (B) of FIG. 8. 

However, a response of the engine 20 to 

the increment of the required electric power is 

insufficient. Therefore, if the required electric 

power suddenly increases, the revolution speed of 

the engine 20 may not be suddenly increased so as 
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to associate the increment of the required electric 

power like a broken line in (C) of FIG. 8. 

Therefore, time duration between the time 

ti and the time t3 may be necessary until the 

revolution speed of the engine 20 reaches Ne. As 

described, under the state in which the revolution 

speed of the engine (the revolution speed and the 

supercharging rate on the engine provided with the 

supercharger), it is impossible to sufficiently 

increase the output of the engine generator 10 as 

in a broken line on and after the time tO of (F) in 

FIG. 8, 

Meanwhile, when the revolution speed of 

the engine (the revolution speed and the 

supercharging rate on the engine provided with the 

supercharger) increases and the engine output 

becomes PE, it becomes possible to accelerate the 

revolution speed of the engine 20 so that the 

required electric power is supplied only by the 

output from the engine 20. 

Therefore, until the revolution speed 

becomes Ne with which the engine 20 can be 

accelerated at the time tl so that only the output 

from the engine 20 can supply the increment of the 

required electric power, the generator part 31 is 

operated to assist the acceleration of the engine 

20 . 

Said differently, the increment rate of 

the required electric power calculated by the 

electric power load calculating part 2a is 
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determined to exceed a predetermined threshold 

value, the generator part 31 is switched from an 

electricity generating operation to a motoring 

operation. The generator part 31 is operated to 

assist the engine 20 by a discharging electric 

power from the electric power accumulating unit 40 

in the hatched area between the times tO and tl in 

{D) of FIG. 8. 
Between the times t0 and tl, the discharge 

electric power from the electric power accumulating 

unit 40 is consumed by the engine assist operation 

by the generator part 31 and the hoist operation by 

the hoisting motor MM. Between the times tO and tl 

of (D) of FIG. 8, a negative value area (a hatched 

area) designates discharging electric power 

consumed by the generator part 31 and a positive 

value area (a blank area) designates discharging 

electric power consumed by the hoisting motor MM. 

When the generator part 31 carries out the 

engine assist operation, the generator part 31 

assists torque insufficient for increasing the 

revolution speed to the engine 20. With this, the 

revolution speed of the engine 20 suddenly 

increases like a solid line on and after the time 

tO in (C) of FIG. 8. While the revolution speed is 

suddenly increasing, the fuel is continuously 

supplied to the engine 20. During this term, an 

engine output (a solid line in (F) of FIG. 8) with 

the assist can be made rapidly larger tha n an 

engine output (a broken line in (F) of FIG. 8) 

57 



without the assist along with the increment of the 

revolution speed and the fuel supply to the engine. 

Thereafter, the engine assist operation by the 

generator part is continued until the time tl like 

the dot chain line of (F) of FIG. 8. 

Therefore, the revolution speed of the 

engine can be increased with a high responsivity. 

The revolution speed of the engine 20 can reach the 

revolution speed Ne with which the output only of 

the engine 20 can be increased by the time tl in 

(F) of FIG. 8. 

Said differently, at the time tl, the engine 20 

can obtain the revolution speed and the 

supercharging rate with which the output of the 

engine 20 can be sufficiently increased. 

At the time tl, since the engine 20 

already reaches the revolution speed Ne with which 

the output only of the engine 20 can be increased, 

the generator part 31 is switched from the engine 

assist operation to the electricity generation 

operation at the time tl in (D) of FIG. 8. 

Simultaneously, the electric power consumed from 

the generator part 31 to assist the engine 

disappears. Therefore, the corresponding 

discharging electric power from the electric power 

accumulating unit 40 also decreases. 

Therefore, the discharging electric current from 

the electric power accumulating unit 40 temporarily 

decreases at the time tl in (E) of FIG. 3. 

After the time tl, the hoisting motor MM 
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continuously accelerates to thereby continuously 

increase the required electric power. Therefore, 

the discharging electric power from the electric 

power accumulating unit 40 continues to increase. 

Meanwhile, since the revolution speed of 

the engine 20 reaches the revolution speed Ne, the 

engine 20 can suddenly increase the engine output 

by the output only from the engine 20 between the 

times tl and t2 in (F) of FIG. 8. 

When the revolution speed of the engine 

reaches NL at the time t2, the operation of the 

hybrid electric power device 1 for the crane is 

switched to the above-described ordinary operation. 

As described, the hybrid electric power 

device 1 for the crane carries out the engine 

assist operation using the output from the 

generator part 31 until the revolution speed of the 

engine and the supercharging rate with which the 

engine 20 can sufficiently increase the output from 

the engine 20. With this, even though there is a 

delay of the responsivity relative to the increment 

of the required electric power, the revolution 

speed of the engine can be increased to Ne within a 

short time by the engine assist operation of the 

generator part 31. 

Therefore, without degrading the 

combustion state, the revolution speed of the 

engine can be increased. Then, the hoisting motor 

MM can finish the acceleration by the predetermined 

time t2. As a result, in an ordinary crane such as 
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a portal crane C illustrated in FIG. 9, the hoist 

operation can be completed within about 50 seconds. 

It is also possible to return to the 

ordinary operation mode before the revolution speed 

of the engine 20 reaches the target .revolution 

speed. For example, it is also possible to return 

to the ordinary operation mode when the revolution 

speed of the engine 20 reaches a revolution speed 

smaller than the target revolution speed by several 

percent {%) . 

3) Regeneration operation of the main unit MP (a 

regeneration mode) 

In the crane equipment provided with the 

hybrid electric power device 1 for the crane of the 

first embodiment, when the regeneration is carried 

out by the main unit MP the regenerated electric 

power is first consumed for the operation of the 

assist unit SP. 

However, if the regenerated electric power 

exceeds the consumption electric power of the 

assist unit SP, the remaining electric power is 

supplied to the direct current bus bar La. Said 

differently, the electric power is supplied to the 

hybrid electric power device 1 for the crane from 

the outside. Then, the electric power supplied to 

the direct current bus bar La for operating the 

assist unit SP is left in the hybrid electric power 

device 1 for the crane. 

If there is a margin in the charging rate 

of the electric power accumulator 41 of the 
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electric power accumulating unit 40 and the voltage 

of the direct current bus bar La increases with the 

electric power supplied from the outside, the 

electric power accumulating unit 40 charges the 

electric power accumulator 41 so as to maintain the 

voltage of the direct current bus bar La to be at 

the operation voltage. However, if the electric 

power amount to be charged increases, the load on 

the electric power accumulating unit 40 caused by 

the charge increases. 

Especially, in the hoisting motor MM used 

in the portal crane C illustrated in FIG. 9, if the 

time for the regeneration operation is ordinarily 

long (being about one minute). Therefore, if the 

entire regenerated electric power regenerated by 

the hoisting motor hoisting motor is charged to the 

electric power accumulating unit 40, the electric 

power accumulating unit 40 may be overcharged. 

Further, the engine 20 may idle while the hoisting 

motor carries out the regeneration operation. 

Therefore, the fuel consumption of the engine 20 is 

degraded. 

Therefore, in the hybrid electric power 

device 1 for the crane, if the electric power 

regenerated exceeds electric power consumption of 

the assist unit SP, the generator part 31 is 

operated to drive the engine 20 to consume the 

regenerated electric power. The electric power 

which is not consumed by driving the engine 20, 

namely a surplus electric power, is charged into 
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the electric power accumulator 41 of the electric 

power accumulating unit 40 as illustrated in FIG. 

5. 

Said differently, if the regenerated 

electric power exceeds the electric power consumed 

by the assist unit SP, the hybrid electric power-

device 1 for the crane drives the engine 20 by the 

generator part 31 so as to be operated to suppress 

the increment of the voltage of the direct current 

bus bar La. Only when the increment of the voltage 

of the direct current bus bar La is not suppressed 

does the electric power accumulating unit 40 charge 

the surplus electric power to maintain the voltage 

of the direct current bus bar La to be at the 

operation voltage. 

Then, since the engine 20 is driven by the 

generator part 31, fuel supplied to the engine body 

21 of the engine generator 10 can be decreased. 

Additionally, because only the surplus electric 

power is supplied to the electric power 

accumulating unit 40, the load on the electric 

power accumulating unit 40 caused by charging and 

discharging can be decreased. 

Specifically, if it is detected that the 

electric power supplied from the outside (the 

electric power regenerated by the main unit MP) 

exceeds the electric power required for operating 

the assist unit SP, the command signal sending part 

2b of the control unit 2 generates the revolution 

speed command signal and sends the revolution speed 
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command signal to the engine control part 22 of the 

engine 22 in step S32. 

Simultaneously, the command signal sending 

part of the control unit 2 generates a generator 

part revolution speed command signal to cause the 

generator part 31 to operate at a speed of an 

idling speed plus a certain amount a and sends the 

generator part revolution speed command signal to 

the generator control part 32 of the generator unit 

30 in step S31. 

Since a revolution speed command for the 

engine body 21 is lower than a revolution speed 

command for the generator part 31, the generator 

part 31 is operated to increase the revolution 

speed of the engine thereby applying engine brake. 

Therefore, the electric power regenerated by the 

main unit MP is consumed. As described, the 

generator part 31 operates to drive the engine 20 

to thereby control to consume the regenerated 

electric power. The electric power which was not 

consumed by driving the engine 20, namely the 

surplus electric power, is charged into the 

electric power accumulating unit 40 in steps S33 

and S 3 4. 

If the above control is carried out while 

the main unit MP carries out the regeneration 

operation, the fuel supplied to the engine body 21 

can be decreased and the load on the electric 

power accumulating unit 40 caused by charging and 

discharging electricity can be reduced. 
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In comparison with a case where the 

electric power supplied from the outside is wasted 

as thermal energy via a resistance and so on, a 

part of the electric power contributes improvement 

of the fuel, consumption of the engine 20 and the 

surplus electric power can be reused by supplying 

it to the direct current bus bar La from the 

electric power accumulator 41. Therefore, the 

electric power supplied from the outside can be 

effectively used. 

Especially, it is preferable to provide 

the control unit with a function of determining 

whether the engine body 21 is driven at the speed 

of the idling speed plus a certain speed a by the 

regenerated electric power to be supplied to the 

direct current bus bar La from the outside. 

By providing the function and determining 

that electric power driving the engine body 21 at 

the speed of the idling speed plus the certain 

speed a, a fuel cut command signal is sent from the 

control unit 2 to the engine control part 22 of the 

engine 2. 

Then, the engine 20 is completely operated 

under an electrically motive state. Therefore, the 

fuel supplied to the engine body 21 can be 

completely cut to thereby drastically improve the 

fuel consumption of the engine generator 10. 

Second Embodiment 

In the second embodiment, a case where the 

64 



torque command signal is sent to the engine control 

part 22, and the revolution speed command signal is 

sent to the generator control part 32 is described. 

Because (1) the waiting state and (4) the 

regeneration operation of the main unit MP 

(regeneration mode) are the same as the case where 

the revolution speed command signal is sent to the 

engine control part 22 and the torque command 

signal is sent to the generator control part 32, 

(2) the ordinary operation state and (3) sudden 

increment of the required electric power 

(acceleration mode) for the main unit are now 

described. 

2) Ordinary operation state 

The ordinary operation of the hybrid 

electric power device 1 for the crane is described. 

For ease of explanation, the ordinary 

operation of the hybrid electric power device 1 is 

compared to an ordinary operation in the portal 

crane illustrated in FIG. 9. 

Although the voltage of the required 

electric power varies in the ordinary operation, 

the rate of the variation, namely an increment rate 

and a decrement rate of the required voltage are 

small. For example, the ordinary operation state 

in the portal crane C illustrated in FIG. 9 is a 

case where the hoisting motor MM does not operate, 

the travelling motor RM and the transversely 

running motor TM operate or a case where the load 

caused by the hoisting motor MM is small. 
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In the ordinary operation state, the 

control, unit 2 (e.g., the electric power load 

calculating part 2a) calculates electric power 

necessary for inverters included in the various 

motors of the main unit MP (specifically, the 

inverter for travelling, the inverter for 

transversely running, the inverter for assist unit 

and ths inverter for hoisting). Thus, the required 

electric power for the main unit MP is calculated. 

Then, the control unit 2 determines whether the 

increment rate of the required electric power 

exceeds a predetermined threshold value. If the 

increment rate of the required electric power does 

not exceed the predetermined threshold value, the 

control unit 2 determines that the main unit MP is 

in the ordinary operation state. 

In driving the travelling motor RM and the 

transversely running motor TM, because inertia 

force of devices and units caused in driving the 

travelling motor RM and the transversely running 

motor TM is small, the increment rate of the 

required electric power does not ordinarily exceed 

the predetermined threshold value. 

When it is determined that the hybrid 

electric power device 1 for the crane is in the 

ordinary operation state, the electric power to be 

loaded on the engine generator 10 and the electric 

power accumulating unit 40 is calculated by the 

electric power load calculating part 2a of the 

control unit 2. Then, the command signal sending 
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part 2b calculates the output torque and the 

revolution speed, by which electricity is generated 

with the small fuel consumption, relative to and 

based on the electric power loaded on the engine. 

Then, the revolution speed command signal 

containing information of the calculated revolution 

speed and a torque command signal containing 

information of the calculated output torque are 

generated and sent respectively to the engine 

control part 22 and the generator control part 32. 

Because the output torque of the engine 20 varies 

in response to the fuel amount supplied to the 

engine body 21, the command signal sending part 2b 

instructs the minimum fuel amount with which the 

engine 20 can generate the predetermined output 

torque by the torque command signal. 

The engine control part 22 of the engine 

20 controls the engine body 21 so that the fuel of 

the predetermined amount is supplied to the engine 

20 based on the instruction of the fuel amount 

contained in the torque command signal. 

Specifically, in a case of the diesel engine, the 

fuel injection amount is controlled. 

On the other hand, the generator control 

part 32 of the generator unit 30 is controlled so 

that the generator part 31 rotates at the 

revolution speed indicated by the revolution speed 

command signal. Said differently, while the engine 

body 21 generates the above described output 

torque, the revolution speed of the generator part 
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31 is controlled so that the generator part 31 can 

generate the electric power loaded on the engine. 

Then, the electric power corresponding to the 

revolution speed of the engine 20 and the torque of 

the generator part 31 is generated and the electric 

power corresponding to the indicated electric power 

loaded on the engine is supplied to the direct 

current bus bar La. 

The electric power to be loaded on the 

electric power accumulating unit 40 is supplied to 

the direct current bus bar La based on the electric 

power supplying instruction. 

Therefore, the predetermined electric 

power can be supplied from the engine generator 10 

and the electric power accumulating unit 40 to the 

direct current bus bar La. Said differently, the 

required electric power can be supplied from the 

hybrid electric power device 1 for the crane to the 

main unit MP. 

Furthermore, the fuel consumption of the 

engine generator 10 can be improved because the 

engine body 21 of the engine generator 10 is 

controlled to be in the operating state with which 

the engine generator 10 can most efficiently 

generate the electric power loaded on the engine. 

Further, the electric power load 

calculating part 2a of the control unit 2 

constantly monitors the required electric power to 

change the electric power to be loaded on the 

engine generator 10 and the electric power 
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accumulating unit 40 along with the variation of 

the required electric power. Then, the command 

signal sending part 2b changes the command signal 

sent to the engine generator 10. Therefore, even 

though the required electric power changes, the 

engine generator 10 can be controlled to be in the 

optimal operating state. 

3) Sudden increment of the required electric power 

for the main unit MP 

In a case where the required electric 

power of the main unit MP increases, the control 

unit 2 controls to simultaneously increase electric 

power to be loaded on the electric power 

accumulator and electric power to be loaded on the 

engine thereby satisfactorily supplying the 

required electric power. Then, the engine 

generator 10 is controlled to accelerate so as to 

deal with the increment of the electric power 

loaded on the engine. 

When the required electric power suddenly 

increases, if the engine generator 10 is suddenly-

accelerated so as to follow the sudden increment of 

the required electric power, the combustion state 

of the engine generator 10 is degraded. In the 

worst case, the engine stalls to thereby stop the 

entire system. 

Therefore, if the control unit 2 detects 

that the increment rate of the required electric 

power for the main unit MP exceeds a predetermined 

value, the hybrid electric power source device 1 
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for the crane is operated in the following 

acceleration mode in order to prevent deterioration 

of the combustion state of the engine generator 10 

(see FIG. 6). 

When the control unit 2 detects that the 

increment rate of the required electric power of 

the main unit MP exceeds the predetermined value, a 

control in the acceleration mode is started in step 

S40 in FIG. 6. The electric power .load calculating 

part 2a calculates predicted maximum electric power 

and timing when the predicted maximum electric 

power is obtained in step S41. Then, the electric 

power loaded on the engine is calculated. When the 

calculated electric power loaded on the engine is 

sent to the command signal sending part 2b, the 

command signal sending part 2b calculates the 

revolution speed of the engine 20 with which the 

predicted maximum electric power is most 

efficiently output in step S42. 

When the time variation data of the 

revolution speed are generated, one command signal 

sending part 2b sequentially sends the revolution 

speed command signal to the generator control part 

32 based on the time variation data of the 

revolution speed in steps S43 and S44. 

On the other hand, the command signal 

sending part 2b calculates the maximum fuel supply 

amount with which a combustion state of the engine 

does not degrade (e.g., no black smoke) at any 

revolution speed. The command signal sending part 
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2b generates a torque command signal containing the 

information of the fuel supply amount. The 

generated torque command signal is sent to the 

engine control part 22 in steps S43 and S45. 

When the above torque command signal ana 

the above revolution speed command signal are sent 

to the engine control part 22 and the generator 

control part 32, the engine 20 accelerates along 

with the acceleration of the generator part 31. 

Because the engine 20 may not generate the output 

torque following the increment of the revolution 

speed of the generator part 31 with the supplied 

fuel amount, the generator part 31 assists the 

engine to supply torque which is insufficient for 

the increment of the revolution speed. Said 

differently, the generator part 31 is operated as a 

driving means of driving the engine 20 by the 

direct electric current supplied from the direct 

current bus bar La. 

Then, while driving the engine 20 under a 

condition of not degrading the combustion state of 

the engine 20, the revolution speed of the engine 

can be increased by the torque generated by the 

generator part 31. Therefore, it is possible to 

prevent degradation of the fuel consumption of the 

engine 20 and generation of the black smoke during 

the acceleration, and the acceleration period of 

the engine 20 can be shortened. 

The reason why the degradation of the 

combustion state of the engine 20 can be prevented 
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when the generator part 31 assists the increment of 

the revolution speed of the engine 20 is as follows. 

When the revolution speed of the engine 20 

is accelerated from the present revolution speed to 

the target revolution speed, the governor operates 

so as to increase the fuel supply amount to an 

extent of avoiding the degradation of the 

combustion state. However, when the increment rate 

of the required revolution speed is high, even 

though the fuel supply amount is increased to the 

above described extent, the revolution speed of the 

engine 20 may not follow the required revolution 

speed. This is because responsivity of the engine 

20 is low. More specifically, if the amount of 

injection to the engine 20 becomes great, the air 

to be supplied is .insufficient. Therefore, the 

engine 20 may not accelerate. 

Therefore, the revolution speed of the 

engine 20 is not sufficiently accelerated to 

thereby cause a delay in the acceleration. The 

governor is apt to supply a greater amount of the 

fuel to increase the revolution speed. In this 

case, the fuel is excessively supplied and. 

therefore the combustion state is degraded. Under 

the state in which the revolution speed and a 

supercharging rate do not increase, the engine 20 

may not generate a high enough output by a 

transient phenomenon. Therefore, if the load on 

the engine is excessively great, there is a 

probability that the engine 20 stalls. 
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If the generator part 31 is instructed to 

increase its revolution speed under the same 

condition as the engine 20, the revolution speed of 

the generator part 31 is accelerated in a required 

rate of increasing the revolution speed. Therefore, 

if there is a delay in the acceleration of the 

engine 20 arid the acceleration of the generator 

part 31 is delayed, the generator control part 32 

controls to increase the torque applied to the main 

shaft of the generator part 31 in order to 

accelerate the generator part 31 at the designated 

rate of increasing the revolution speed. Said 

differently, the generator part 31 is operated as a 

driving means of driving the engine 20 by the 

direct electric current supplied from the direct 

current bus bar La. The torque applied at this 

time corresponds to a difference between the torque 

generated by the engine 20 when the fuel supply 

amount is increased to an extent of avoiding the 

deterioration of the combustion state and the 

torque inherently necessary to accelerate the 

engine 20. Said differently, the torque 

insufficient for increasing the revolution speed of 

the engine 20 is assisted by the generator part 31. 

When the generator part 31 assists the 

engine 20, the fuel supplied to the engine 20 is 

suppressed to be an amount with which the 

combustion state is not deteriorated. 

There is a case where the engine is 

assisted by the generator part 31 by supplying 
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power (torque) to the engine body 21 (a flywheel 

for the engine) and a case where the generator part 

31 accelerates by itself to reduce the load on the 

engine body 21 to assist the acceleration of the 

engine body 21. 

The command signal sending part 2b detects 

whether the revolution speed reaches the target 

revolution speed. Until the revolution speed 

reaches the target revolution speed, the operation 

is continued in the acceleration mode in step S4 6. 

When the engine 20 reaches the target 

revolution speed, the command signal sending part 

2b produces the revolution speed command signal and 

the torque command signal so that the engine 20 is 

operated in the operating state with which the 

power loaded on the engine corresponding to the 

required electric power can be most effectively 

generated. The control returns to the ordinary 

operation state in step S47. 

In the acceleration mode, the control is 

carried out as described above. Therefore, if the 

revolution speed of the engine generator 10 reaches 

the revolution speed with which the engine 

generator 10 can supply the electric power loaded 

on the engine in the predicted maximum electric 

power before the predicted maximum electric power 

is required, it is possible to reliably supply the 

electric power loaded on the engine to the direct 

current bus bar La when the predicted maximum 

electric power is required. 
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While the control is carried out in the 

acceleration mode, the electric power command 

signal is sent to the electric power control unit 

43 so that the electric power necessary for 

operating the generator part 31 is supplied from 

the electric power accumulating unit 40. Said 

differently, the electric power command signal is 

sent to the electric power control unit 4 3 so that 

the required electric power is entirely supplied 

from the electric power accumulator 41 including 

the electric power required to operate the 

generator part 31. 

With the second embodiment, when the 

portal crane C is operated in the acceleration mode, 

time variations such as a time variation of the 

speed of the hoisting motor MM, a time variation of 

the required electric power in driving the hoisting 

motor MM, a time variation of the revolution speed 

of the engine, a time variation of the electric 

power generated by the generator part, a time 

variation of the discharging electric power 

discharged from the electric power accumulating 

unit, and a time variation of the engine output 

becomes the time variations illustrated in FIG. 8. 

It is also possible to return to the 

ordinary operation mode before the revolution speed 

of the engine 20 reaches the target revolution 

speed. For example, it is also possible to return 

to the ordinary operation mode when the revolution 

speed of the engine 20 reaches a revolution speed 
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smaller than the target revolution speed by several 

percent (%). 

(Emergency control) 

If the command signal is not sent to the 

various devices and units by a failure of the 

control unit 2 or the like, by enabling to 

automatically operate the engine generator 10 at a 

rated speed, it is possible to maintain electric 

power supply to the main unit MP, the assist unit 

SP and so on. 

The present invention is not limited to 

the above embodiments and various modifications 

are possible. 

INDUSTRIAL APPLICABILITY 

The embodiments of the present invention 

are applicable to a hybrid electric power device 

for a crane such as a gantry crane and a jib crane 

mounted with tires driven by an engine generator 

and supplying electric power to a direct current 

bus bar of inverter in crane equipment including 

the crane. 

EXPLANATION OF REFERENCE SYMBOLS 

1: hybrid electric power device for crane 

2: control unit 

2a: electric power load calculating part 

2b: command signal sending part 

10: engine generator 

20 : engine 
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21: engine body 

2.2: engine control part 

30: generator unit 

31: generator part 

32: generator control part 

40: electric power accumulating unit 
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CLAIMS 

1. A hybrid electric power device for a crane 
comprising: 

an engine generator; 
an electric power accumulating unit; and 
a control unit including 

an electric power load calculating part 
configured to calculate an electric power loaded on 
the engine based on required electric power 
required from an outside load and charging 
electric power exerted by an electric power 
accumulating unit, and 

a command signal sending part 
configured to calculate output torque and a 
revolution speed based on the electric power 
loaded on an engine and sending a torque command 
signal indicative of the output torque to the 
engine generator and a revolution speed command 
signal indicative of the revolution speed to the 
engine generator. 

2. The hybrid electric power device for the 
crane, according to claim 1, wherein 

the engine generator includes an engine and 
generator part capable of functioning as a generator 
and a motor that is connected to an output shaft of th 
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engine, and 

when an increment rate of the required 

electric power exceeds a predetermined value, the 

generator part assists rotation of the engine by the 

generator part until the revolution speed of the engine 

reaches a predetermined revolution speed. 

3. The hybrid electric power device for the 

crane according to claim 2, wherein 

a function of the generator part changes from 

the motor for assisting the rotation of the engine to 

the generator for generating electric power using the 

engine. 

4. The hybrid electric power device for the 

crane according to any one of claims 1 to 3, wherein 
the outside load includes a main unit and an 

assist unit, ana 

the revolution speed of the engine where a 

main unit requiring power does not exist is lower 

than the revolution speed of the engine where the 

main unit requiring power exists. 

5. The hybrid electric power device for the 
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crane according to any one of claims 1 to 4, wherein 

the engine generator includes 

an engine including an engine body 

and an engine control part for controlling 

activation of the engine body, and 

a generator unit including a 

generator part capable of functioning as a generator 

and a motor that is connected to an output shaft of the 

engine and a generator control part for 

controlling activation of the generator part, and 

the command signal sending part sends the 

revolution speed command signal containing 

information indicative of the revolution speed of 

the engine to the engine control part and sends the 

torque command signal indicative of torque to be 

generated in the generator part of the generator 

unit to the generator control part. 

6. The hybrid electric power device for the 

crane according to claim 5, wherein 

the command signal sending part calculates 

time variation data of the revolution speed for 

accelerating the generator part of the generator 

unit so that the revolution speed of the engine 

corresponding to the electric power load on the 

engine satisfying a maximum electric power value of 

the required electric power is attained when an 

increment rate of the required electric power 

exceeds a predetermined value before the required 

electric power reaches the maximum electric power 
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value, and sends the revolution speed command 

signal generated based on the time variation data 

of the revolution speed to the engine control part 

and the generator control part. 

7. The hybrid electric power device for the 

crane according to any one of claims 1 to 4, wherein 

the engine generator includes 

an engine including an engine body 

and an engine control part for controlling 

activation of the engine body, and 

a generator unit including a 

generator part capable of functioning as a generator 

and a motor that is connected to an output shaft of the 

engine and a generator control part for 

controlling activation of the generator part, and 

the command signal sending part of the 

control unit sends the torque command signal 

containing information indicative of an output 

torque of the engine to the engine generator and a 

revolution speed command signal indicative of the 

revolution speed, and sends the revolution speed 

command signal containing information indicative of 

the revolution speed of the generator part of the 

generator unit to the generator control part. 

8. The hybrid electric power device for the 



crane according to claim 1, wherein 
the command signal sending part calculates 

time variation data of the revolution speed for 

accelerating the generator part of the generator 

unit so that the revolution speed of the engine 

corresponding to the electric power load on the 

engine satisfying a maximum electric power value of 

the required electric power is attained when an 

increment rate of the required electric power 

exceeds a predetermined value before the required 

electric power reaches the maximum electric power 

value, 

sends the revolution speed command signal 

generated based on the time variation data of the 

revolution speed to the generator control part, and 

calculates the output torque enabling 

acceleration of the generator part while avoiding 

a combustion state of the engine from degrading 

during an acceleration period of the generator 

part, anci 

sends the torque command signal generated 

based on the output torque to the engine control 

part. 

9. The hybrid electric power device for the 

crane according to any one of claims 1 to 8, wherein 

the control unit controls the engine 

generator so that the engine is driven by the 

generator part in an electrically motive state. 
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10. A control method for a hybrid electric power 
device for a crane including an engine generator and an 
electric power accumulating unit, the control method 
comprising: 

calculating an electric power loaded on 
the engine generator based on required electric 
power required from an outside load and charging 
electric power exerted by the electric power 
accumulating unit; 

calculating output torque and a 
revolution speed based on the electric power 
loaded on an engine;' and 

sending a torque command signal 
indicative of the output torque to the engine 
generator and a revolution speed command signal 
indicative of the revolution speed to the engine 
generator. 

11. The control method according to claim 10, 
wherein the engine generator includes an engine and a 
generator part capable of functioning as a generator 
and a motor that is connected to an output shaft of the 
engine, and 

when an increment rate of the required 
electric power exceeds a predetermined value, the 
generator part assists rotation of the engine by the 
generator part until the revolution speed of the engine 
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reaches a predetermined revolution speed. 

12. The control method according to claim 11, 

wherein a function of the generator part changes from 

the motor for assisting the rotation of the engine to 

the generator for generating electric power using the 

engine. 

13.' The control method according to any one of 

claims 10 to 12, wherein 

the outside load includes a main unit and an 
assist unit, and 

the engine is controlled such that the 
revolution speed of the engine where a main unit 
requiring power does not exist is lower than the 
revolution speed of the engine where the main unit 
requiring power exists. 

14. The control method according to any one of 
claims 10 to 13, wherein 

the engine generator includes an engine 
and a generator unit including a generator part 
capable of functioning as a generator and a motor that 
is connected to an output shaft of the engine, and 
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the revolution speed of the engine and 
torque to be generated in the generator unit are 
controlled to adjust electric power generated by 
the engine generator. 

15. The control method according to claim 14, 
wherein 

when an increment rate of the required 
electric power exceeds a predetermined value, the 
engine is accelerated by functioning a speed 
regulator so that a revolution speed of the engine 
with which electric power loaded on the engine 
corresponding to a maximum electric power value of 
the required electric power is attained before the 
required electric power reaches the maximum 
electric power value, and 

the generator part of the generator unit 
is accelerated at a same speed as the revolution 
speed of the engine. 

16. The control method according to any one of 
claims 10 to 13, wherein 

the engine generator includes an engine 
and a generator unit including a generator part 
capable of functioning as a generator and a motor that 
is connected to an output shaft of the engine, and 

the electric power generated by the 
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engine 

output 

speed 

generator is adjusted 

torque of the engine 

of the generator part 

by 

and 

of 

controlling the 

a revolution 

the generator unit. 

17. The control method according to claim 16, 

wherein 

when an increment rate of the required 

electric power exceeds a predetermined value, the 

engine is controlled to generate the output torque 

to an extent of not degrading a combustion state of 

the engine, and 

the generator part of the generator unit 

is accelerated so that a revolution speed of the 

engine with which electric power loaded on the 

engine corresponding to a maximum electric power 

value of the required electric power is attained 

before the required electric power reaches the 

maximum electric power value. 

18. The control method according to any one of 

claims 10 to 17, wherein 

when the electric power is supplied from 

an outside the engine is driven by the generator 

part of the generator unit in an electrically 

motive state. 
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HYBRID ELECTRIC POWER SOURCE DEVICE FOR CRANE AND 

METHOD FOR CONTROLLING HYBRID ELECTRIC POWER SOURCE 

DEVICE FOR CRANE 

ABSTRACT 

There is provided a hybrid electric power 

device for a crane and a control method of the 

hybrid electric power device for the crane that 

enable to prevent degradation of fuel consumption 

of an engine generator even if load suddenly 

increases. 

[Means for solving problem] 

A hybrid electric power source device 1 

for a crane including an engine generator 10, an 

electric power accumulating unit 40, and a control 

unit 2 for controlling the engine generator 10 and 

the electric power accumulating unit 40, wherein 

the control unit 2 includes an electric power load 

calculating part 2a which acquires electric power 

loaded on the engine based on required electric 

power supplied to an outside and charging electric 

power of an electric power accumulating unit 40 and 

a command signal sending part 2b which calculates 

output torque and a revolution speed based on the 

electric power loaded on the engine calculated by 

the electric power load calculating part 2a and 

generates a torque command signal and a revolution 

speed command signal. 

Fig. 1 
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