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The EH5000AC-3 is the largest and most sophisticated rigid dump truck 
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It incorporates a series of advanced technologies adopted from various Hitachi Group Companies.
Developed in collaboration with Hitachi Ltd., one of the world’s largest electrical product manufacturers, 
the Hitachi AC Drive technology delivers unparalleled performance supporting higher truck availability, 
improved gradeability and increased travel speeds.
This technology has been refined through the Shinkansen bullet trains 
and other major infrastructure projects.
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that allows this development to be completed 
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The control cabinet of EH5000AC-3 installed 
near the operator cab. It’s the component that 
is the main drive system of AC. 

    The Hitachi EH3500ACII and EH4000
ACII incorporate the AC Drive system, 
powered by Hitachi-manufactured IGBT 
inverters. These rigid dump trucks were 
co-developed with other companies in 
the Hitachi Group and have been deliv-
ered to mining sites all over the world.
  Compared to a mechanically driven 
system or a DC-driven electric system, 
the AC-driven electric system has a 
larger brake capacity. This capability is 
due to the independent control of the 
motors on both sides. This system has 
a simpler structure with fewer parts that 
results in reduced maintenance costs. 
With these strong advantages, HCM 
has manufactured the  EH3500ACII and 

The next generation AC Drive 
Rigid Dump Truck, innovated by Hitachi’s 
technology collaboration, is directed 
toward the “smart mining era”.

The central part of the AC-drive system 
where the IGBT inverters, the body sta-
bility control system, and other elements 
are located.  The AC method is to convert 
alternating current from the alternator to 
direct current and then control the current 
in the inverter to convert it back to alter-
nating current to feed to the AC wheel 
motors. The inverter is equipped with an 
“IGBT inverter” that has been continually 
improved since its adoption in the 700 se-
ries Shinkansen in 1997. The IGBT inverter 
is excellent in switching performance and 
is capable of very accurate control of the 
motor’s speed of revolution and its torque. 
It was also low cost, space-saving, and a 
reduction in weight. It’s a culmination of 
all Hitachi’s technologies.

EH4000ACII with a highly efficient AC 
wheel motor that provides significant 
driving power and braking force. It’s the 
very first case in this field that an AC-
drive System was manufactured inter-
nally. This remarkable achievement was 
possible because of the power of tech-
nology collaboration by Hitachi.
  The recently launched EH5000AC-3  
demonstrates a new level of sophistica-
tion through the “Power of Collabora-
tion”.
  Takayuki Sato of the Technical Re-
search Center of HCM, a coordinator 
of the loading technologies during the 
development, says, “It’s a high tech-
nology AC-driven dump truck that has 
been created by a combination of the 
cutting edge technologies and engineer-
ing spirit of Hitachi Group. This product 
became possible because we are Hitachi 
Group.”
   Youhei Nakate of HCM’s Development 
Center,Mining & Heavy Equipment Divi-
sion took charge of the design to inte-
grate the loading technologies. Nakate 
is proud to say that “We integrated as 
many of Hitachi’s advanced technolo-
gies as were available today.”
  Major features of the EH5000AC-3 in-
clude the new Hitachi drive control sys-
tem referred to as “Body Stability Con-
trol”. This system made detailed speed 
and torque control possible with the new 

software developed by the total power 
of the Hitachi Group companies, starting 
with Hitachi,Ltd. The sensors installed 
at each section detect variables such as 
the angle of steering or the difference in 
the torques of the rear wheels on both 
sides and then analyzes the differences 
to determine the operating conditions 
such as a locked tire. The system then 
instantly controls the independent mo-
tors installed on both rear wheels to 
deliver a stable traveling condition. This 
system also controls problems such as 
slipping, tires being locked, and move-
ments forward and backward when the 
brake is applied, and even sliding during 
cornering.
   We can say that it is Hitachi’s technol-
ogy, refined through the continual and 

long-term development of the electric 
control system and motors, that made 
these advancements in traveling control 
possible. 
  Improvements in operability can re-
sult not only in reducing the operator’s 
burden but also with lowering the cus-
tomer’s maintenance cost. This is be-
cause with a lighter load, the body and 
the parts of the truck last longer and the 
number of problems is reduced.
   “For example, this system reduces the 
friction of the tires. Since the tires for 
mining are very expensive, this reduces 
the cost.” speaks Sato at the Technical 
Research Center.
  “SkyAngle” (to be described later) dis-
plays the area around the body of the 
truck from an angle that looks down 

from the sky. This new technology in-
creases the truck’s safety and was co-
developed by Clarion of Hitachi Group 
Company. This is the very first technol-
ogy of its type for an rigid dump truck.
  Also, the pantograph (a thing which 
takes electric power from an electric 
power line above it), designed for trolley-
type of the EH3500ACII and  EH4000AC
II  was developed in a technology collab-
oration with Hitachi Power Solutions.
  In overseas mines, there are some ex-
amples of trolley-type dump trucks with 
a pantograph that operate under dedi-
cated overhead wiring to improve the 
mobility of the dump trucks. In order 
to obtain electricity safely, it’s crucial to 
consider matching the overhead equip-
ment along with the components and 

Hitachi’s EH5000AC-3 is 
packed with industry-
leading technologies

Through the inverters, the electric 
energy generated at the wheel mo-
tor is used by the electric brake. The 
electrical energy is converted to ther-
mal energy here and released to the 
air. By using discrete units, a module 
design where the number of units is 
changed based on the class of the 
dump truck can be applied.

Control Cabinet

Grid Box
The electric power is generated 
from the main engine spinning the 
alternator and this electricity is used 
to rotate the wheel motor. The engine 
has a capacity to control the number of 
the revolution based on the motor torque 
signal. At the same time, the alternator has 
two capabilities. The first is the main generator 
control where the alternator controls the output 
voltage based on the speed of revolution of the engine, the 
speed of the body, and the torque signal of the motor. The oth-
er is the supporting generator control which controls the out-
put voltage despite of the number of revolution of the engine.

Engine / Alternator

Hitachi’s AC motor is mounted on 
railroad vehicles all over the world 
including the Shinkansen in Japan, 
as well as in Australia, in Thailand, 
in Brazil, in Indonesia and so on.The 
same technologies are used in the 
wheel motor of the EH5000AC-3.

AC Wheel Motor

Left : Alternators generate electricity 
from the power of the engine.
Right : The engine and the alternator 
are attached to the main frame. 

Based on the concept of 
class development, the 
grid box is composed of 
discrete units. The box 
can be configured by 
changing the number of 
grid units based on the 
truck class. As a result, 
the maintenance ability 
is improved.

the manufacturing method. In the de-
velopment of this technology, the infra-
structure sector of Hitachi is involved.
  Ryuichi Nakazawa of Hitachi Power 
Solutions, who took charge of the pan-
tograph development, shows his con-
fidence. “Although it was our very first 
attempt to develop a pantograph, we 
could create the pantograph filled with 
the technologies and know-how of the 
Hitachi Group. It has such high quality 
that we can proudly introduce it to the 
world.” Hitachi Power Solutions was in 
charge of the materials and structural 
analysis. Nakazawa also says, “We kept 
improving the quality by ‘compensating 
numeric separation’ through vibration 
tests and the prototype tests conducted 
by HCM.”

From left : 1) Hitachi’s AC motor that has been refined by the Shinkansen project.  2) being joined with a speed reduction gear and a braking system.  
3) being installed at the rear spindle where the electric cables of the sensor and the driving control are attached.  4) the inside view after the installation

The Power of Collaboration
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The controls bring a stable 
acceleration and decel-
eration by smoothing the 
body movements. They 
enhance the responsive-
ness by sensing the racing 
or locking of the rear tires 
and then adjusting the 
torque of the wheel motor 
during acceleration and 
deceleration on slippery 
and bumpy roads.

  The sharing and standardisation of 
parts have also improved through tech-
nology collaboration.  The EH3500ACII,
EH4000ACII and EH5000AC-3 are 
equipped with different output of wheel 
motors. However the wheel motors are 
interchangeable with one another.
   For example, by matching the size, the 
motor for the EH5000 can be mounted 
on the EH4000 that has a trolley design. 
This interchangeability substitute for  
reducing both supply chain distance 
and  machine down time. 
  Katsuhiko Fujii of Hitachi Power Sys-
tems Company took charge of the de-
velopment of the wheel motor. He says, 
“Standardization on the sizes of the 
parts can lead to cost reduction and ex-
tensibility in the future. Since they are 
different sizes by nature, it was a tough 
challenge, but we wanted to meet the 
demands regardless.”
   “Product layout” means how to place 
the parts and materials in the product. 
Nakate, who designs the bodies, says 
“Standardization of the sizes made 
the product layout easier and helped 
us a great deal to design smartly.” He 
could feel the real impact of the technol-
ogy collaboration. All you have to do to 
change the module design is to change 
the number of units in the grid box.
  These types of ideas among the engi-
neers increased the development speed. 

   “A quick response is how I  would sum-
marize this,” Nakate describes. “During 
the development of the EH5000AC-3, 
no matter what approaches or ideas 
we came up with, there were always so 
many problems we had to solve. For ex-
ample, after completing the prototype, 
we were considering installing a new 
part to improve a function. We had to 
determine the installation location of the 
part and the noise interference against 
the equipment. The involved people 
from the various Hitachi Group compa-
nies were able to gather right away to 
have an open technical discussion and 
to review the layout of the equipment. 
We couldn’t have done this if we were 
not one group.” 
  Kazuhiro Enomoto of Hitachi Infra-
structure Systems Company who took 
charge of the AC-drive control also talks 
about the merit of the technology col-
laboration.
  “When you work individually, each 
company, each department has its own 
strength and weakness. However, by 
communicating or collaborating with 
others, you can get ideas and opinions 
that can resolve any weakness. Also, the 
fact that most of the Group companies 
are located in the Ibaraki prefecture area 
was a great advantage. We were able to 
say ‘E-mail is not enough. Let’s meet 
and discuss!’”
   Nakate explains with the following epi-
sode.
  “In the development stage, some 

issues always happen. Once, three 
EH5000AC-3 machines that were under-
going testing at the Urahoro Test Site 
in Hokkaido were damaged. After our 
message to the Hitachi office, a staff 
member was sent by the last flight of 
the day and he started checking the ma-
chines at midnight right after his arrival. 
It turned out we had to replace the high 
tension cable and when we requested a 
new cable for the trucks, they managed 
to replace them the following day. I real-
ized that it was the technology collabo-
ration of the group that was driving the 
development of these dump trucks.”
 On the other hand, Enomoto, who was 
the one who flew to the site, talks calmy.
  “All along, we, Hitachi Infrastructure 
Systems Company, have been dealing 
with industries such as railroads and 
electric utilities that have a huge impact 
to society. So our mind is set on fixing 
any problem as fast as possible. Rushing 
to the site is fundamental for us. Since 
this case was internal to the group and 
the technical information was instantly 
available, we could respond quickly.”
  We also faced an “Ultra C” ( i.e. “ex-
treme difficulty”) that shouldn’t be 
faced in normal development.
   In a normal development process of 
new technology, a prototype that is ex-
pected to go to production is built and 
tested. However, in this case, there were 
some technologies that were added after 
the prototype was already completed. 
Therefore, we had to remodel the body 

of the prototype. One of the examples 
is Sky Angle. Nakate, the designer of 
the body, says, “There were problems 
that we found after we installed the Sky 
Angle to the body. We had a tough time 
meeting the production schedule of 
EH5000AC-3.” 
  Yoichi Kowatari of the Control System 
Center, in charge of the Sky Angle, ex-
presses the thoughts of an engineer.
   “If the technology is already ready, 
we would like to install it. If we miss the 
chance for mounting it to the body, then 
we would have to wait for a few years for 
the next model change. We would pre-
fer to avoid that delay. I have to say that 
this time we were able to install it after 
the completion of the prototype simply 
because of the power of our technology 
collaboration.” 

  Hidefumi Ishimoto, of the HCM Tech-
nical Center says, “No other compa-
nies can duplicate either our speed of 
development or the way we crafted 
EH5000AC-3 as a product. ”
  Functions such as the body stabil-
ity control technology require detailed 
control of the hardware. Therefore, how 
much technical information is shared 
among the members of the project is 
really critical to the precision of the soft-
ware design. 
  Katsuhiko Fujii of Hitachi Power Sys-
tems Company says, “The information 
was released at a level that normally 
isn’t done. By doing so, we were able 
to discuss the information in detail and 
that impacted the design.”
   Also, Yoshikazu Tokairin, a engineer 
of Hitachi Infrastructure Systems Com-
pany, who is in charge of the software 
development of the body control, says, 
“in terms of design, it’s a huge advan-
tage of the technology collaboration 
that the newly developed technology 
can be mounted to a real machine and 
checked right away.”
   “In companies outside Hitachi Group’s 
case, when some new control is to be 
mounted onto a machine, it’s not easy 
to test on a real machine because of the 
information management issue. If we 
can test right away, that’s a huge advan-
tage. As a matter of fact, we were able 
to find out so much by doing this.”
   Norio Ueda of Hitachi Power Solu-
tions, who worked on the materials and 
structural analysis, thinks highly of the 
information released in the internal Hi-
tachi Group collaboration which is not 
available in collaborations outside the 
group.
  “ In order to understand the durability 
of the products precisely, the analyzed 
data and the test results have to be 
agree closely. This time, the test results 
agreed with the lifespan of the analy-
sis. I’m sure that it’s because a detailed 
draft was released within the group. For 
those of us who are working to build 
an analysis center for the entire Hitachi 
Group, this technology collaboration 
was a great experience.”
  During this development effort, two 
companies were involved with the drive 
control system development. Akira Ki-
kuchi of Hitachi Research Laboratory be-
lieves that the strength of each company 
in the collaboration was reinforced.
   Kikuchi also says, “HCM knows how 

Technology collaboration 
has greatly accelerated our 
production development.

Slip/Slide
Control System

This system gathers information from 
every sensor, lever, and pedal in the 
drive system control. It processes and 
analyzes the data, and then sends a 
drive instruction through the inverter 
to the individual motors on the left and 
right side. This same approach is used 
to send a control instruction to the elec-
tric brake. With this system, the stability 
of the body is improved, along with the 
truck’s productivity and safety.

The manufacturing site of the rigid dump trucks is at 
Hitachinaka Rinko Works in Ibaraki prefecture.

When the system senses pitching while traveling 
over bumps on a road or on a climbing hill, the 
torque of the wheel motor is adjusted to reduce 
the pitching of the body and to smooth the ride. 
At the same time, load spills can be prevented.

Pitch Control System

The system calculates
the level of stability of 
the body that is created
by the operation of the
steering wheel, the accele-
rator, and the brake. It does 
it by monitoring the lateral 
acceleration, the yaw rate, 
and the steering angle with 
sensors. Then it controls the 
side sliding as the truck is 
making a turn by adjusting 
the torque of the wheel 
motor to make the body 
movement smoother and to 
implement a more stable circular turn.

Side Skid Control System

 Working together as a 
group makes information 
sharing and experimental 
equipment tests possible.

Body Stability 
Control System

dump trucks should run from the body 
perspective. Hitachi Research Labora-
tory knows how to control the sensors. 
By developing what each company is 
skilled at, each company’s strength is 
reinforced. Furthermore, our strength is 
that we can integrate the technology and 
information of the entire group at a high-
er level by sharing the technology and 
information that each company has. 
   We are always adjusting the roadmap 
of the research items with HCM and 
we are playing a role in the information 
management of the group, with Hitachi 
Research Laboratory as a hub. I predict 
that collaborations like this will continue 
to increase from now on.”

without
control

※ front wheel speed sensor / wheel motor speed 
sensor / steering angle sensor / suspension pressure 
sensor / combined sensor (forward and backward di-
rection acceleration sensor ・ left and right direction ac-
celeration sensor ・ turning angle speed sensor) etc. 
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with
control

without
control

with
control

without control

with control
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  “SkyAngle”, a device designed to en-
hance safety by monitoring the vehicle’s 
surroundings. It is available as an option 
in the EH5000AC-3, and was developed 
via the collaboration with the Hitachi 
Group company, Clarion.
   The base technology has already been 
mounted on a number of passenger ve-
hicles and released into the market.
   Keiji Sato of Clarion, who was in charge 
of the development, says “First, I was 

thinking that the remaining task was 
only how to install it on the body.”
   Yet, it wasn’t as simple as he imag-
ined. First of all, there was a huge dis-
parity in the sizes of the vehicles.
  “In the case of a passenger vehicle, an 
image that is only two meters in circum-
ference is enough. However, if the body 
of the vehicle is larger, it has to be able 
to see further. In addition, an object in 
the distance has to be seen in three-di-
mensions.” speaks Keiji Sato.
   At the beginning of development, Ishim-
oto also realized how large the task was.
 “The four images are synthesized to-
gether. But the body is so large that if 
the angle of any camera moves slightly 
out of the position, the whole image is 
disjointed. Also, dump trucks become 
warped as they are used over years. In 
order to introduce this to the market, 
we had to consider a system to support 
regular adjustments of the cameras.” 
  On other side, Kowatari, who was in 
charge of the SkyAngle production pro-
cess says “Our desire just kept growing.”
  “During the work at mining sites, the 
dump trucks are surrounded by mov-
ing service cars and ground-leveling 
vehicles. Unlike passenger vehicles, it’s 
hard for the operator to recognize the 
surroundings of the body with the naked 
eye. So sometimes minor collisions and 

scrapes do happen. There have always 
been requests for a solution to this prob-
lem from our customers. Although Sky 
Angle received high praise from the be-
ginning of  development , mounting the 
same technology used in the passenger 
was the first step; and during develop-
ment, we started receiving many re-
quests such as making it easier to rec-
ognize the surroundings of the body at 
the first glance, and to see not only the 
image around the body but also under-
neath the body as well.”
  Keiji Sato also says,“As testing pro-
ceeded on the prototype, we repeatedly 
made changes and adjustments. We de-
veloped technology that is not included 
in the passenger vehicles’ SkyAngle.”
  As a result, with a stronger camera 
and higher concussion resistance, the 
team created a SkyAngle that is durable 
enough to survive the harshest mine 
sites. The visibility of  SkyAngle was im-
proved to see objects in the far distance, 
unlike the one used in the passenger 
vehicle.
   Kowatari confidently says. ”The safety 
level of the truck has been improved re-
markably. Until now, the surroundings 
check was done using six mirrors at the 
front and rear and by viewing the im-
ages taken by the two rear side cameras 
on a monitor but now with SkyAngle, all 

The task of adapting the 
technology from 
passenger vehicles to 
very large dump trucks.

Took charge of the entire AC drive 
system control, and the slip and 
slide control.  “Scoping the future development, 

we standardized the large-sized 
electric parts and enhanced their 
interchangeability. This seems to 
be standard but it should provide 
a benefit to our customers.”

Took charge of the development of 
the drive system control.

Hitachi,Ltd. 
Hitachi Research Laboratory
Senior Researcher

Hitachi,Ltd. 
Power Systems Company
Senior Engineer

Hitachi,Ltd. 
Infrastructure Systems Company
Engineer

Akira Kikuchi Katsuhiko Fujii Kazuhiro Enomoto

From top: The screen 
shows a wide area 
body periphery, an in-
termediate area body 
periphery, and a near-
by body periphery.The screen shows a wide area periphery and the rear of the body

The cameras are mounted at four spots: at the front, the left side, the right side, and the rear. 
The images of the four cameras are interchanged and synthesized to show the area around the 
machine on the monitor near the driver’s seat in real time.

The SkyAngle technology

The Power of Collaboration

far exceeds customer expectations.
you have to do to check the surround-
ings is to look at one monitor. There is 
no doubt that this will reduce the bur-
den on the operator dramatically.” 
  Nakate who changed the design to 
mount the SkyAngle to the body after 
the prototype was completed says, “Be-
cause multiple companies were involved, 
many ideas were considered, and this 
resulted in the confidence to mount this 
cutting-edge technology quickly.
  With the development for the cur-
rent EH5000AC-3, Takayuki Sato of the 
Technical Research Center has high ex-
pectations for the potential technology 
and the power of collaboration work to 
increase the speed of development. 
  “Hitachi group still has so many more 
useful technologies to use, including a 
rail transit management system, rolling 
stock technologies, robot technologies, 
car navigation technologies and so forth. 
With a combination of these advantages, 
some development that would normally 
take 20 years by the competitors can take 
us only five years to complete. In the fu-
ture, we want to exert our power of the 
Hitachi group collaboration work into 
the unmanned operation of the dump 
truck by the use of automatically travel-
ing and, ultimately, in the total manage-
ment of mining. In other words, we want 
to implement “smart mining.”

TD3Unit,Department of Transmission 
& Systems Research

Electrical Machinery System and Plant 
Construction Engineering Department

Control Systems Quality Assurance
Department

 “High-powered electical technol-
ogy is also our competitive ad-
vantage.This collaboration work 
convinced me that we could create 
a basis to receive a package order, 
including the trolley construction. ”

 “Eventually, we want to capture 
the entire mining process as an 
infrastructure system and share 
that with Hitachi Group.”

Took charge of the AC wheel motor 
develpment.

Took charge of the design of AC 
wheel motor control.

Took charge of the pantograph. Took charge of the structural analysis 
of the pantograph and of the analysis 
of its various parts, such as bearings.

Took charge of SkyAngle develop-
ment.

Hitachi,Ltd. 
Infrastructure Systems Company
Engineer

Hitachi Power Solutions 
Co.,Ltd.
Senior Engineer

Hitachi Power Solutions 
Co.,Ltd.
Manager

Clarion Co.,Ltd.
Manager

Yoshikazu Tokairin Ryuichi Nakazawa Norio Ueda Keiji Sato
Power Electronics Design 
Department

Substation Systems Solution 
Department

Analysis Engineering 
Department

Camera System Management
Department

 “The saying ‘ Machines don’t lie’, 
which I learned in the analysis of 
a real machine, is still alive in my 
mind. I learned so many different 
meanings of that phrase.”

 “ Because we, as a maintenance 
company, were able to create a 
pantograph that is maintenance-
oriented.”

 “ The fact that we could improve 
our critical analysis gave us con-
fidence. From now on, I’d like to 
improve the technology level as the 
Analysis Center of Hitachi Group.”

“Although this was the very first 
collaboration work with Hitachi 
Machinery, we could create an ex-
tremely high quality product. We’d 
like to adopt this to vehicles such as 
buses and commercial trucks.”

The coordinator for mounted tech-
nologies.

Took charge of designing for the 
Model 3 dump truck body.

Took charge of the mass produc-
tion of SkyAngle.

Took charge of the safety technol-
ogy development though the use 
of cameras.

Hitachi Construction 
Machinery Co.,Ltd
Senior Researcher

Hitachi Construction 
Machinery Co.,Ltd
Engineer

Hitachi Construction 
Machinery Co.,Ltd
Senior Engineer

Hitachi Construction 
Machinery Co.,Ltd
Senior Researcher

Takayuki Sato Yohei  Nakate Yoichi Kowatari Hidefumi Ishimoto
Technical Research Center Development Center

Mining & Heavy Equipment Division
Control System Center Technical Research Center

 “ Further analysis of the data about 
the dump trucks and excavators 
that are operating all over the 
world must make Hitachi Group 
capable of doing so much more.”

 “By having Hitachi group compa-
nies involved, we gained many 
options as possible solutions to the 
problems. It also led to a reduction 
in time and money.”

 “ Our strength is to be able to 
mount the technologies developed 
by Hitachi group companies to a 
real machine. Because of the quick 
feedback, the development speed 
was improved.”

 “The level of the productionaliza-
tion implemented was higher than 
expected. We are eager to establish 
autonomous traveling by using the 
power of the group.”
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Power Solutions 
selected HCM as 
its partner for the 
development of 
the robot.
  Initial discus-
sions of a joint 
collaboration be-
tween both com-
panies occurred 
in Sep temb er 
2011. Immediate-
ly after confirm-
ing the details 
with the people involved, an agreement 
was reached. By October, the engineers 
from both sides had an initial meeting 
and the joint development project took 
off with exceptional speed in Novem-
ber.
   Eiji Egawa of HCM, responsible for 
strategy planning of new products such 
as the double-arm robot, said;
    “It was a decisive battle within a short 
period that usually does not happen. It 
was challenging but we understood its 
significance, as it’s something not just 
for Fukushima but also for the recovery 
of the entire nation from the disaster. It 
is something that we cannot avoid.”
  The specifications required for the 
ASTACO – SoRa came from the engi-
neering know-how that Hitachi Power 
Solutions had obtained through its 
maintenance work at the plant. The 
needs include a grip force, the configura-
tion of the attachment, the locations of 
the cameras and sensors, and so forth.
      Since remote control is fundamental 
to the product, the information and 
communication expert unit from Hi-

tachi Power Solutions joined 
the Plant Headquarters as rein-
forcements. Responding to their 

requests, HCM continued to 
design the body structure of the base 
machine with their own expert unit.
   However, it’s impossible to design a 
body in a day. In the beginning, there 
was even a gap between the expecta-
tions of the two parties. Af ter visu-
alising how industrial robots should 
operate, Hitachi Power Solutions con-
sidered the ideal robot to feature sepa-
rate arms that  move like that of human 
arms. In contrast, HCM knew very well 
the physical limits; having double arms 
only makes the conditions more com-
plicated. They had to consider how to 
make the hydro hose and the angle of 
the link reach their physical limit, as well 
as how to balance the engine power and 
the grip force. There were things that 
were possible and things that were not 
possible. There were things that could 

  A beautiful sky for Fukushima again – 
the double-arm robot  “ASTACO-SoRa” 
was named after such hope. (ASTACO 
stands for Advanced System with 
Double Arms for Complex Operation. 
‘Sora’ means sky in Japanese.) 
   This double-arm robot has been devel-
oped under a plan to use it at the Tokyo 
Electric Power Company Fukushima I 
Nuclear Power Plant. The robot was 
created by the collaboration between 
Hitachi Power Solutions and Hitachi 
Construction Machinery (HCM). 
   Hitachi Power Solutions has a diverse 

A performance test under the expected conditions at the site.  The 
wireless connection is approximately 50 meters away and is con-
nected externally using optical fiber cable. This is a system to con-
nect the control board to the receiver that is operated within range 
nearby.

range of business interests. Among 
them, the contract for the maintenance 
of nuclear power plants. Some of the 
routine maintenance work such as re-
placing components inside the pressure 
vessels is undertaken in the presence of 
radiation. Therefore, in order to handle 
such maintenance works properly, 
Hitachi Power Solutions developed its 
own robotic tools and has been building 
an extensive amount of real-world ex-
perience in tasks such as grabbing, pull-
ing up, and disconnecting by remote 
control.
   Takashi Sekigami at Hitachi Power 
Solutions says, “ Because of that exper-
tise, we have been considering whether 
we can contribute in some way to the 
area’s recovery from the accident. At 
the same time, it became a directive 
from the company.”
   As the investigation proceeded after 
the accident, we began in earnest to 
see the detailed road map required to 
decommission the nuclear reactors. By 
considering that objective, we deter-
mined our own product completion date 
and began to analyze the machinery 
and materials required. 
  Hitachi Power Solutions draw the 
machinery and materials that match 
the specifications of the work and there 
was a need for a robot with multiple 
working arms to be operated by remote 
control. This had to be implemented 
within a very limited time frame. Hitachi 
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A camera with an LED to look for-
ward, a microphone for voice, a dis-
tance-estimating laser, and a light 
source and detector are mounted at 
the front of the body. Left;A work 
simulation with a cutter installed on 
the right arm, practicing tasks such 
as cutting off railings and laying 
pipes.

The tip of arm. Movement of 
the attachment is monitored 
by the camera mounted at 
the tip of the flexible tube.

Left; Laser equipment is used to 
measure vehicle widths to judge 
whether the vehicle can enter nar-
row spaces. Right;Since the width 
of the crawler is expandable and 
contractible, it can become compact. 
The camera with the LED mounted 
at the rear moves upward and down-
ward as well. It can monitor forward 
and backward by rotating.

be implemented by the completion 
date and things that could not be imple-
mented by the completion date. “ We 
want the sensor here.” “That spot will 
be filled with other parts and there 
will be no space available. ” “We 
want to change the location of 
the camera.” “Although it will end 
up with a major change to the basic 
structural layout, we’ll try it anyway”.
  Within the tight constraints, the en-
gineers shared their know-how with 
one another by having open and frank 
discussions. Although sometimes 
there were heated arguments, they had 
the shared goal to create a useful work 
robot for the site. They kept working to 
find the best solutions.
  Sekigami says,  “By repeating discus-
sions based on each others’ drafts and 
by redoing the drafts, we kept strength-
ening the basic design. We had frequent 
meetings until we finally decided the 
basic specifications.”
  Egawa goes on,  “We were all engi-
neers in our specialized fields. Therefore 
we all understood the difficulty of the 
implementation and how great each 
others’ desire was to make it real. 
That was the place 
where we could find 
the best solutions.” 
  At the last spurt, 
when the assem-
bling of the real 
machine took place 
at the headquarters 
of Hitachi Construc-
t i o n M a c h in e r y 
Japan (Soka Cit y 
in S a i t ama Pr e -
fecture), the staf f 
from Hitachi Power 
Solutions joined 
the work, staying 
overnight. They assembled the various 
units such as the control system com-
ponents together.
  This is how the first year proceeded 
after the kickoff of the project. Including 
the discussions for the specifications, 
the ASTACO – SoRa was completed in 
a record short period of time and was 
officially released to the press in De-
cember, 2012.
  The Hitachi Zaxis 17U mini excavator 
is the base machine. It’s a double-arm 

robot with identical arms on both the 
left and right. The maximum transport-
able mass is 150kg per arm. In order to 
handle the complex work inside the Fu-
kushima nuclear power plant, a cutter, 
grapple and a driver drill are required. 
These attachments will be utilised in the 
removal of rubble, carrying machinery 
and materials, building a structure that 
blocks radiation to protect workers, as 
well as securing a workspace. Also, an 
expansion and contraction-type long 
arm equipped with a camera and a do-
simeter for investigations of high areas 
was prepared.
   During a remote operation, both the 
site situation and the work situation 
are monitored through six cameras 
using light-emitting diodes. Besides 
the microphone that convey the sound 
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A camera with an LED that rotates 
360 degrees is mounted on the both 
the right and left sides. It’s able to 
monitor everywhere including for-
ward, backward, below the legs, and 
above the unit. A data transmitter-
receiver using 2.4 GHz to handle the 
image transmission is located in the 
transparent dome.

“ASTACO – SoRa” (base machinery 
mass is 2.5 tonnes, driving speed 2.6 
km/h) that was developed based on 
the technology of the double arm 
specification machine “ASTACO” by 
HCM; a unit that has real experience 
in decommissioning operations 
and disaster rescue 
operations.

hoping to use in the recovery 
of the area involved in the 
nuclear power accident.

※ The technical know-how built through the commissioned work for NEDO (New Energy and Indus-
trial Technology Development Organization) is applied to the development of the body of the robot.
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intellect of the two companies;

A double-arm robot 
created by the combined

The control board that remotely 
controls the ASTACO – SoRa with 
four levers and various buttons. Op-
erator interacts with five screens to 
monitor the situation.

situation and the laser system that mea-
sures the vehicle width and distance 
supplemented the remote operation 
effectively.
   Training for the operators was held 
in a simplified environment that repli-
cates the buildings of the power plant  
and the robotic movements required. 
The robot started rubble removal in 
July 2013. 
   Through this joint development, 
Sekigami of Hitachi Power Solutions 
has the following thoughts.
   “In the beginning, I was concerned 
if we could discuss what we really 
thought. But gradually, as engineers, we 
started to fit with one another’s vector. 
At the end, I believe that all of us were 
united by a strong desire to create a 
good thing together as Hitachi Group.”  
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