15A SYSTEM, TOOL AND METHOD FOR CLEANING THE INTERIOR OF A FREIGHT CONTAINER
FIELD OF THE INVENTION 10The present invention relates to a system and a tool for cleaning the
interior of a freight container of ISO type. The present invention also relates to a method for cleaning the
interior of a freight container of ISO type. 15 PRIOR ART ISO containers, also called shipping containers
or intermodal containers, are used for intermodal transport of freight. They are manufactured according to
specifications from the International 20 Standards Organization (ISO) and are suitable for multiple
transportation methods such as truck, rail, and ship. ISO containers are manufactured in many sizes.
Standard containers are 8ft. wide and 6in. tall. The most common lengths are 20 and 40ft. Other lengths
include 24, 28, 44, 45, 46, 53 and 56ft. 25 There are several basic types of ISO containers. The sizes of
the ISO containers are selected so that they are within load profiles that exist for railway and road
transport systems After usage the containers has to be cleaned. This is often done in a certain place, for

example, a h L iners. ar. dled, i me place.
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10 The present invention relates to a system and a tool for cleaning
the interior of a freight container of ISO type. The present inven-
tion also relates to a method for cleaning the interior of a freight
container of ISO type.

15 PRIOR ART

ISO containers, also called shipping containers or intermodal
containers, are used for intermodal transport of freight. They are
manufactured according to specifications from the International

20 Standards Organization (ISO) and are suitable for multiple
transportation methods such as truck, rail, and ship. ISO con-
tainers are manufactured in many sizes. Standard containers
are 8ft. wide and 6in. tall. The most common lengths are 20 and
40ft. Other lengths include 24, 28, 44, 45, 46, 53 and 56ft.

25 There are several basic types of ISO containers. The sizes of
the ISO containers are selected so that they are within load pro-
files that exist for railway and road transport systems.

After usage the containers has to be cleaned. This is often done
in a certain place, for example, a harbor or a logistic centre. A

30 large number of containers are handled in the same place. For
facilitating the transportation of the containers, for example, be-
tween the transport means, such as ship, trains or lorries and
the cleaning station, specially designed trucks have been devel-
oped for picking up and moving ISO containers.

35 Traditionally, the cleaning of the containers is made by using a
solvent in combination with high pressure wash. This means that



2 the waste water produced during the cleaning is contaminated with the solvent as well as the dirt
removed from the container. A disadvantage with this cleaning method is that it produces a large amount
of waste water which has to be collected and pun- 5 fied in order to avoid negative environmental
influence. The cost for building a plant for collecting and®purifying the waste water is extensive. A further
disadvantage with this cleaning method is that it takes a long time for the container to dry after the
cleaning has been finished. 10The cleaning of the ISO containers is usually carried out by hu- mans
operating a high-pressure wash by hand. However, from US5,624,745 is known to use a robot for
cleaning large storélge twacdtiaawaied spnal aeesk Loenihdhsuchegrargin Sonamtanyinsde dh
petrochemical planigit irheil sefivieriesa J vegwhws ish d5direvid atbwislal an@riatiated Aeaire for supplying

a cleaning mediumAnei%damaVﬁfs 8o ARt e ARIRRRI R Eheebet is enrired! in a chamber
having an opening sized and ada to attach t the eni oft ? iner.,An actuating unit
o arranged to MOV L R DA R A SR SRS 1751 IR ERAREPH el knowr
cleaning methad friRchiReP Efe4st R aKpisk hrgating, ary 'l@iﬂ)Wﬁ ARC M| kengstihg eot) %e blasting
uses com- pressedair udlichelgratepimzeri carbohatbixide 0Q2 p'dnfyoel 2Beellatstto watighn velocity.
The dry ice pellets gy agsplghasedhat SHPRIEQIKaIRAREIR %fﬂaiﬁﬁs”@féﬁmgﬁﬁ%%’@dh% surface to
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for example, it is envwonment iendy and con ains no secondary contami- S such as solvents
or grit media, it is 1B %bevlﬂfﬂsfgrelgse in the food industry, and can be used without damaging
active electridé or teenhalsiedliparte fotlteelokY ienhaingds. 3/ 0SsEULT TastRbaxd Mgthod for

removing explosivas gieposise i tifiigeat pigasmicfsemramunaititieys kasings. How explo- Fosive is
removed from the wadl=0ibg piRe Wk NGVA ©f diydCs RISt for cleaning large storage
tanks having a small access opening, such as are in commonly
used in petrochemical plants or in oil refineries. The robot is
15  provided with an articulated nozzle for supplying a cleaning me-
dium including water and a diluent, such as diesel fuel. The ro-
bot is enclosed in a chamber having an opening sized and
adapted to attach to the access opening of the container. An
actuating unit is arranged to move the robot between the cham-
20 ber and the interior of the container.

A well known cleaning method from other areas is dry ice blast-
ing, also known as CO2 ice blasting. Dry ice blasting uses com-
pressed air to accelerate frozen carbon dioxide (CO2) "dry ice"

25 pellets to a high velocity. The dry ice pellets are accelerated at
supersonic speeds, and creates mini-explosions on the surface
to lift the undesirable item off the underlying substrate. The dry
ice blasting technique has many advantages, for example, it is
environmentally-friendly and contains no secondary contami-

30 nants such as solvents or grit media, it is clean and approved
for use in the food industry, and can be used without damaging
active electrical or mechanical parts or creating fire hazards.
WQ09639277 discloses a method for removing explosives depo-
sits in effluent pipes or from ammunitions casings. The explo-

35 sive is removed from the wall of the pipe with the aid of dry ice
blast-



3ing. A robot carrying a nozzle is used for providing the dry ice to the walls of the pipe. US 4,240,175
discloses a tool for cleaning a container compris- 5 ing a framework, a robot, a nozzle and actuating
means for moving the dolly between the framework and the container. Said tool is designed to allow its
use and carrying by a truck adapted to handle freight cagtainers. 10 OBJECTS AND SUMMARY OF THE
INVENTION The object of the present invention is to improve cleaning of containers of ISO type in order
to reduce costs and provide a more environmental friendly cleaning. 15 According to one aspect of the
invention, this object is achieved by praviding a tool as defined in claim 1. Such a tool comprises a
framework, a robot! VAP BGIRRIENDE @ HRAFESVBRESHEPHBIRME KA S N %6 Ripplying a
cleaning medium, 418 ARA& REiHEURIPEranged to move the robot between the framework and the
interior of the container, and is characterized in that the tool is a portable unit, the tool has a size and
design that allows ¥ ®ufkatptéd 1isFIpsRE 2519/ LafrrIRAMdRItE GRAIRIRSH $9BB/H8to grip and
carry the tool # ordBSt& rifGVE eI B EHROfom BRZEbtamdras e HREnde s fQeaRMY medium is
dry ice, and the rotBgaHtetitonyzbRwear bR ARBRMR theaRfiBE # A XdREINSAIS 1ABANS of dry ice
blasting. With dry i¢& ReRtGRE folRrAdANoH S0th6xiaB IAGHAVHNIagY Athrusikgadaplagding is that no
solvent is needed. Ag0AH T ERIHHIEGNIAIR /IS blasting compared to using solvent in combination with

high pressure wash, is that the
10 OBJECTS AND SUMMARY OF THE INVENTION

The object of the present invention is to improve cleaning of
containers of ISO type in order to reduce costs and provide a
more environmental friendly cleaning.

15
According to one aspect of the invention, this object is achieved
by providing a tool as defined in claim 1.

Such a tool comprises a framework, a robot movably connected
20 to the framework and provided with a nozzle for supplying a
cleaning medium, and an actuating unit arranged to move the
robot between the framework and the interior of the container,
and is characterized in that the tool is a portable unit, the tool
has a size and design that allows a truck adapted for gripping
25 and carrying freight containers of ISO type to grip and carry the
tool in order to move the tool to and from the container to be
cleaned, said cleaning medium is dry ice, and the robot and the
nozzle are adapted to clean the interior of the container by
means of dry ice blasting. With dry ice is meant frozen carbon
30 dioxide.

An advantage with using ice blasting is that no solvent is
needed. A further advantage with ice blasting compared to using
solvent in combination with high pressure wash, is that the
35 amount of waste is extensively reduced, since the dry ice will
vaporize after it has been used. Further advantages with ice
blasting are that no time for drying is needed, and that it is dis-
infecting. According to the invention the cleaning is automatical-
ly carried out by a robot, which is cost saving. There are often
40 many containers to be cleaned, so either the containers have to
be moved to the cleaning tool, or the cleaning tool has to be
moved to the containers. A robot is heavy and accordingly the
tool is difficult to move by hand. According to the invention,



35 amount of waste is extensively reduced, since the dry ice will vaporize after it has been used. Further
advantages with ice blasting are that no time for drying is needed, and that it is disinfecting. According to
the invention the cleaning is automatically carried out by a robot, which is cost saving. There are often 40
many containers to be cleaned, so either the containersghave to be moved to the cleaning tool, or the
cleaning tool has to be moved to the containers. A robot is heavy and accordingly the tool is difficult to
move by hand. According to the invention, 4 the tool is designed to allow a truck adapted for gripping and
carrying freight containers of 1ISO type to grip and carry the tool. This is advantageous since the same
truck that is used féhendving ieedesigimets tandbwusat tounbve dapteshriog @opmhighabdneans that
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A typical ISO-contaiegrippe anvelongateshizossingwitg restangularthoss sestisn ot thewpening of the
container is providqeﬁidr_m one of the short sides of the housing. Preferably, the housing is made of an ISO-
30 container. By placing the robot and the actuator in an ISO-container, or in a housing sized and

designed as an ISO-container, the robot is protected from damp and dust from the environment, suitable
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35 can be hahilled @owh prosed lay laateditignah tlacki dgstiree ddbotnavidgt iOacd oi@iimegsuAityrther

advantage is that it 5@t § having an opening for receiving the robot and the
actuating unit is arranged to move the robot between the interior
of the housing and the interior of the container when the open-
ing of the housing is facing the opening of the container. The
20 cleaning of the containers is usually carried out outdoor. In this
embodiment the robot is protected from damp, dust and sand
from the surrounding environment and accordingly can be used
outdoors in difficult environments.

25 According to an embodiment of the invention, the housing is
sized and designed as an ISO-container. A typical ISO-container
has an elongated housing with a rectangular cross section, and
the opening of the container is provided in one of the short sides
of the housing. Preferably, the housing is made of an ISO-

30 container. By placing the robot and the actuator in an ISO-
container, or in a housing sized and designed as an [SO-
container, the robot is protected from damp and dust from the
environment, suitable environmental conditions for the robot re-
garding temperature and humidity can be achieved, and the tool

35 can be handled and moved by a traditional truck designed for
moving ISO-containers. A further advantage is that it is possible



to transport the tool with existing sea, rail and road transport systems adapted to transportation of ISO
containers. A further advantage is that it is cheaper to buy an ISO container and use it as housing,
instead of designing and producing a specially de- 5signed housing for the cleaning tool. According to an
embodiment of the invention, the opening of the housin§ is sized to attach to the access opening of the
contain- er, and the tool comprises means for attaching the opening of 10 the housing to the opening of
container. A typical ISO-container has of an access opening with a rectangular cross section. This
embodiment enables sealing attachment between the container and the tool in order to prevent
hazardous waste fi@mtleakemptd tHecehopbnnwitht exidigndesgseanhagl Edccoathdr@naperibodiment of

the invention, the opgsiBnef§ HgdptesintisRingided witb e doaSdibataMsRg isAldsiethes to sealingly
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arranged to product GRER MM B Pier PBS/igke Bieing 8 With the dry ice, and the dry ice producing unit
is located inside the housing. Dry ice vaporizes quickly although properly cooled and accordingly can not
be stored more thgne&ﬂtai heugs Mﬁw&mmﬁh@femgommtidh% m@TEp%ﬁYH&%MWﬁWCSSZaW
equipment for prodycing. A - y.ne C n 0 nas to be
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is that the tool bec&he8BtIAEMIAR. SCARATS &% B 35 pBaRIBUHR LB &hORBRELAL is located
inside the hotiBing.tiTRid@WEIH gotalépendpanonp el araddidieed thArévpicalchble-feomtaingde the tool.
An advantage withfilzis @hiedisuyd 43 toaighinigal itcanmes miendmogscsyl sasyion. This
embodiment enables sealing attachment between the container
and the tool in order to prevent hazardous waste from leaking to
the environment during the cleaning.
15
According to an embodiment of the invention, the opening of the
housing is provided with a door and the housing is designed to
sealingly enclose the robot when the door is closed in order to
protect the robot from the surrounding environment and to
20 achieve suitable environmental conditions for the robot, such as
suitable temperature and humidity.

According to an embodiment of the invention, the tool comprises
a dry ice producing unit arranged to produce dry ice and to pro-

25 vide the nozzle with the dry ice, and the dry ice producing unit is
located inside the housing. Dry ice vaporizes quickly although
properly cooled and accordingly can not be stored more than
about 24 hours. According to this embodiment, the tool is pro-
vided with necessary equipment for producing the dry ice in-

30 stantly needed for the cleaning. Thus, no dry ice has to be
stored. This tool is not dependent on delivery of dry ice from
outside. An advantage with this embodiment is that the tool be-
comes autonomous.

35 According to an embodiment of the invention, the tool comprises
a power unit for providing power to the robot, the actuating unit



5 to move since no cable has to be connected between the tool and a remotely located power source.
According to an embodiment of the invention, said power unit is arranged to produce power based on
fossil fuel, such as diesel, 10 and the dry ice producing unit is configured to receive the waste gases from
the power unit and reuse the carbon dioxide of the wast® gases for producing the dry ice. This
embodiment is environmentally friendly as the CO2 from the waste gases of the power producing unit is
reused for producing the dry ice. 15 According to an embodiment of the invention, the tool comprises a
ventilation duct for transporting waste products originating from the dry ice cleaning from the container to
the tool, the ventila@ion dact havihy deénlet@adcingngsitinatihd dpenpovoe therdo olieietadd the duct is

located inside the hayfirg.thiee Mastajodunidramshalerstingep 6alrate demdocanspagien-to the tool
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instead a 30 commandraltipugpesy indedteid! polvot Isseecdcand programmed to carry out the ice blasting.
According to another aspect of the invention, this object is achieved by providing a method as defined in
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10 and the dry ice producing unit is configured to receive the waste
gases from the power unit and reuse the carbon dioxide of the
waste gases for producing the dry ice. This embodiment is envi-
ronmentally friendly as the CO, from the waste gases of the
power producing unit is reused for producing the dry ice.

15
According to an embodiment of the invention, the tool comprises
a ventilation duct for transporting waste products originating
from the dry ice cleaning from the container to the tool, the ven-
tilation duct having an inlet end arranged in the opening of the

20 housing and the duct is located inside the housing. The waste
product from the cleaning is collected and transported to the tool
which, for example, is provided with storage for storing the
waste products. This is possible as the amount of waste prod-
ucts from the ice blast cleaning is small. This embodiment fur-

25 ther increases the environmental friendliness.

According to an embodiment of the invention, the robot is a tra-
ditional industrial robot having at least four rotational axes. It is
not necessary to have a specially designed robot, instead a

30 common multi purpose industrial robot is used and programmed
to carry out the ice blasting.

According to another aspect of the invention, this object is
achieved by providing a method as defined in claim 13.
35



5 the framework, gripping the framework of the tool by means of a truck designed for gripping and
carrying freight containers of ISO type, driving the truck carrying the tool to the container to be cleaned,
moving the robot into the interior of the container by means of the actuating unit, and moving the nozzle
by means of 10 the robot along a programmed cleaning/path while cleaning the interior of the container
by means of dry ice blasting. According to an embodiment of the invention, the framework comprises a
housing enclosing the robot and the actuating unit, 15 the housing having an opening sized to attach to
the access opening of the container, the truck is moving the tool to a position in which the opening of the
housing is facing thEh@pen@thofthecsoiptises, Qia thei rgtRod leanphige saataclinpttieiogering of the
housing to the opefiagnefwworkainerr88 diceaviingie apoies azrecioftthe invaminotiis pbiect is
achieved by prowdwséerﬁld‘%@e?&ngdé%w Rrdory o{:@eféﬂ%c%airﬂﬁﬁ OfHéIQdYH giefined in

claim 15. 25The system comprisin aning topl includin ework, a ro onnected to
the framework and'fovided i %%?@%r {ﬁa%g& aFﬁ’n &6 ulm aﬁoﬁ?gl &hx?arranged to
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dry ice and 30 the tobokisdesipteedo fdeagrifppintgriandf thercpimainfehhymheaos taidgr&edilasting, the
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bl h | h
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description of Qiffefiéve ¢aipotialeng o l}héolm%mm@dnd&ﬁthlf@ewﬂt‘e ] 0] ImeC@@Gm@dhgures. Fig. 1
shows a tool for cleangrgothe irties ar o i freighy gontednes a¢aprdingstd Rrseimgodiment of the invention in
a perspective view seen slightly from above.
According to an embodiment of the invention, the framework
comprises a housing enclosing the robot and the actuating unit,
15 the housing having an opening sized to attach to the access
opening of the container, the truck is moving the tool to a posi-
tion in which the opening of the housing is facing the opening of
the container, and the method comprises attaching the opening
of the housing to the opening of container.
20
According to another aspect of the invention, this object is
achieved by providing a system for cleaning the interior of a
freight container of ISO type as defined in claim 15.

25 The system comprising a cleaning tool including a framework, a
robot movable connected to the framework and provided with a
nozzle for supplying a cleaning medium, an actuating unit ar-
ranged to move the robot between the framework and the inte-
rior of the container. The cleaning medium contains dry ice and

30 the robot is adapted to clean the interior of the container by
means of dry ice blasting, the system further comprises a truck
adapted for gripping and carrying freight containers of ISO type,
the tool is portable unit, and the housing has a size and design
that allows said truck to grip and carry the cleaning tool in order

35 to move the cleaning tool to the container to be cleaned.



10 Fig. 2 shows a perspective view of the tool shown in figure 1 seen slightly from below.  Fig. 3 shows
a tool for cleaning the interior of a freight con-15tainer according to another embodiment of the invention.
Fig. 4 shows an example of means for attaching the opening of the housing to the opening of container.
20Fig. 5 shows a system for cleaning the interior of freight con- tainers according to an embodiment of the
invention. Fig. 6 shows a truck moving the cleaning tool to the container to be cleaned. 25 Fig. 7 shows
the tool during cleaning of the container. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

OF THE INVENTION 30 Figure 1 and 2 shows a tool 1 for cleaning the interior of a freight container
according to an enfBBdmntem bSHE&EIREHM Theltdd DEOAMBIHNEG @ framework 2 having a size and
design that allows a truck adapted for gripping and carrying freight con- 35tainers of ISO-type to grip and

carry the tool. Prefaralynths-gis el ig B e lRmmuerhibRyId GaRrsRRNEHE teugs size ©
tion of different embodiments of the invention and with reference
5 to the appended figures.

Fig. 1 shows a tool for cleaning the interior of a freight con-
tainer according to an embodiment of the invention in a
perspective view seen slightly from above.

10
Fig. 2 shows a perspective view of the tool shown in figure 1
seen slightly from below.
Fig. 3 shows a tool for cleaning the interior of a freight con-
15 tainer according to another embodiment of the invention.

Fig. 4 shows an example of means for attaching the opening of
the housing to the opening of container.

20 Fig. 5 shows a system for cleaning the interior of freight con-
tainers according to an embodiment of the invention.

Fig. 6 shows a truck moving the cleaning tool to the container
to be cleaned.

25
Fig. 7 shows the tool during cleaning of the container.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
OF THE INVENTION

30

Figure 1 and 2 shows a tool 1 for cleaning the interior of a
freight container according to an embodiment of the invention.
The tool 1 comprises a framework 2 having a size and design
that allows a truck adapted for gripping and carrying freight con-
35 tainers of ISO-type to grip and carry the tool. Preferably, the ex-
ternal size of the framework should correspond to the outer size



of an ISO-container. It is particular important that the width of the tool is not much larger than the width of
an ISO-container. Further, the framework should be designed so that it is possible for the truck to grip the
container with a standardized gripping 5 tool. The tool further comprises a robot 3 movably connected to
the framework 2 and provided with a nozzle 4 for spurtifg dry ice. The robot and the nozzle are adapted
to clean the interior of the container by means of dry ice blasting. 10In this example, the framework 2 is
provided with a rail 8 ar- ranged in the ceiling. Alternatively, the rail can be mounted on the floor of the
framework. The tool also includes an actuating unit 6 arranged to move the robot between the interior of
the framework andaheaintd B89 sfahéadostainér itd badlcardad. impostasteidaipté ehy adtuasihg unit 6

includes an elongataé eldingsdavicerfuernngeisd tthihie oottt iarginged IBOdarelade the beam 8.
The actuating unit ?b'ﬁ%re'ﬂcl‘t‘%e?r%ﬁ‘?e% F@_H&ﬁ!ﬂ”@éh&éﬁi’%ﬁéﬁtﬁd’fstBEtﬁ%qqtt rf‘éf’#%%é'?ﬁlgamework-
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container to bé cled®@d, Erg@ derdiganE pipBr s sréatAlNd BrBioyab b GrRivReR@rt8uring the
cleaning. The holdittgedénacens profidealdypinavodedtes ieigh iz id & odn he nssppel foimihedrgight 25 of
the robot. The holdipg deriser8isaraing i rabeiAdsABagsH IBaVRP e alangrike inrgibidipgl axis of the
housing 2. In this eﬁ%ng&{g%girggwﬁ%%g 9?;1%‘?9 aﬁﬁa’},ﬁlﬁ’ gated housing enclosing the robot 3
nit 6. The o] ide |t% g

and the actuating u sing IS provi with an opening 12 in one of its short ends and has
a size such that the robot can be moved between the outside and the interior of the housing through the
opening. Thel Bpenlig thids @xaviteie withex Hconeavatie dots ¢aiv Blegendd 2D tegréeiand

accordingly allows ealegls @roofieenieslioytoShére aneeiyg ehie gintzineb d hadwoss ésprovided

with means 15 for geeivigg guprara qf 3HERRII 1orhar 10% [rusko SAANKEY aircling dhe jousing to
the gripping tool. In thjﬁ %mbodlmentt e means 15 is a f three each set of h(ﬂ ﬁarranged in
f ingly
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grippers with 5 a H68R®YRKY MRGLPBIHItARO hEIK&rEREAtBE IH® PR AaN8Hd thethHppers are

turned so thatGhe ok pte Jdtieditt tiadingesninh thimehioEineamtetbe gatsddalidipgdeed with an
electrical connectoy k&fgr 68RO VRS SHPRIY §2Rlea hhe BaWey b fer eiafmpte tepplied from
the truck to the beam 8. The actuating unit further includes a motor 10 for driv-
ing the motion of the robot relative the framework. The holding
device 9 has a length that essentially corresponds to the length
20 of the interior of the housing 2. This is advantageous since the
length of the housing corresponds to the length of the container
to be cleaned, and accordingly the robot can reach the inner
part of the container during the cleaning. The holding device 9 is
provided with a counter weight 11 to compensate for the weight
25 of the robot. The holding device 9 carrying the robot 3 is ar-
ranged movable along the longitudinal axis of the housing 2.

In this example, the framework 2 is designed as an elongated
housing enclosing the robot 3 and the actuating unit 6. The
30 housing is provided with an opening 12 in one of its short ends
and has a size such that the robot can be moved between the
outside and the interior of the housing through the opening. The
opening 12 is provided with a door 14. The door can be opened
270 degrees and accordingly allows a leak proof connection to
35 the opening of the container. The housing is provided with
means 15 for receiving grippers of a gripping tool of the truck,



10 tool. In this embodiment the housing is made of an ISO-container, for example, with a length of 20ft or
40ft. Such an ISO-container has a rectangular cross section and an opening with a rectangular cross
section. 15In this example the robot 3 is a traditional industrial robot having three main axes and three
wrist axis. A stationary foot, usually referred to as the bb@e of the robot, supports a stand which is
rotatable about a first axis. The stand supports a first arm which is rotatable about a second axis. The first
arm supports a 20 second arm which is rotatable about a third axis. The second arm supports a wrist
which is rotatable about a fourth, fifth and a sixth axis. The wrist supports the nozzle 4. The movement of
the robot 3 is contraist 9y rabictaivimgolibe Mefsilgyehthelmtipphnolikoad. |doatbisireside ahe housing 2.

Preferably, the actin &}t inainii éaaadiBderdingbytoe hrigentad lwoyeaentsseftios ﬂ@btés? relative

housing 2 is also CQ?F@Hi@@M H‘%ﬁ%b%%@FOB?ftﬁégk‘é%? 6*f‘QW§ %!8@ t‘?ﬂ'ez ng to
another embodi- ment of enti nan container 24 to eﬁeane Ele-, 30 me ts rr sponding to
tho ones of the el AT SO G O S 5 SRPBIEN e LG T4 JERACER DS ns the

correspondingPelerderite @k thi Wik diffeng bR bl 20 end\@fsSa AdBot BSRERGedWRh HhRozzle 4
adapted for dry iceliddsting maddt b aqusppe2 s Tascativated) soitth st diranged ke 3breolectkedobot 3

between the interighoffilre hesing 2 amid tgwggﬁgqqﬁ@mhqwgqﬁ@ngr@é fl%,ll’ 3 \HlRWS Wenrobot in its
11 cleaning pOSItIOQ{J&r:??IPe W%g?rggw%%}b %fqulp%m%%% ﬁw}r% é):&%%? oggaﬁgp géastlng In this

embodiment, the ho evice 91s prov h a support w acil atlng ovements of

the robot between mgc SnBP A the %G@ﬁﬁ&‘ﬂ&z\/é}é?ﬁ '%dalg&ﬁbs’g]ﬁle EHEOMIOR than one
support whedl0 Thdeehot Blis dustratied by knrepdt dbetrdilet S@cagedmaitk thé hadsihgQ@: The robot

controller 30 is a tradifieaial gppdbeosxample, with a length of 20ft or 40ft. Such an
ISO-container has a rectangular cross section and an opening
with a rectangular cross section.

15 In this example the robot 3 is a traditional industrial robot having
three main axes and three wrist axis. A stationary foot, usually
referred to as the base of the robot, supports a stand which is
rotatable about a first axis. The stand supports a first arm which
is rotatable about a second axis. The first arm supports a

20 second arm which is rotatable about a third axis. The second
arm supports a wrist which is rotatable about a fourth, fifth and a
sixth axis. The wrist supports the nozzle 4. The movement of the
robot 3 is controlled by robot controller. Preferably, the robot
controller is located inside the housing 2. Preferably, the actuat-

25 ing unit 6, and accordingly the horizontal movements of the ro-
bot 3 relative housing 2 is also controlled by the robot controller.

Figure 3 shows a cleaning tool 20 according to another embodi-
ment of the invention and a container 24 to be cleaned. Ele-
30 ments corresponding to the ones of the embodiment shown in
figure 1 and 2 are given in the same reference numbers as the
corresponding elements of that embodiment. The tool 20 in-
cludes a robot 3 provided with a nozzle 4 adapted for dry ice
blasting and a housing 2. The actuating unit 6 is arranged to
35 move the robot 3 between the interior of the housing 2 and the
interior of the container 24. Figure 3 shows the robot in its



10 troller and includes software for controlling the movements of the robot and accordingly the
movements of the nozzle 4. The roof 22 of the housing 2 is designed as an interface to a gripping device
of a truck adapted for gripping and carrying ISO-containers. In this embodiment, the tool comprises a
power unit 15 32 for providing power to the robot 3, thé@ motor 10 of the actuating unit, and to a dry ice
producing unit 34. The power unit 32 is located inside the housing 2. The power unit 32 is, for example, a
battery, fuel cell, or a power plant producing electricity based on a fossil fuel. In this embodiment the
power unit is a power 20plant producing electricity based on diesel. In this embodiment, the tool further
comprises a dry ic€|gradigineo@itiaa ansittred e paaic nigy ivehile. ttraniogrbdrediooride, and to
provide the nozzle wiithéhetqry ineahke afy e/pice Hiabieing unit 3Aiis lecatnsldnaigattheheusing 2. The
dry ice producing upd afeOwBURSS SILRSOIP Wit gr&fgp%%me%v%%mdnﬂa@es a
compressor 36 for deliv %r W|tl'f per sa%ice% T to gﬁwal s of the conta Eﬁ to be
cleaned. In this exé Ia (irl?o 8H50Ehgihe. THRIBHIESE gﬁtﬁ oduces
waist gases m@ludlhg &8N M&M&V q"he'@:a’r’éoﬁ'é@x%%'@é%a?ﬁtéﬂﬁvcﬂn e @aleghseBnd is led to

the dry ice producisg ppib 34wieealduct 38. The dry ice producing unit is configured to receive the carbon
dioxide from the power unit and to use the carbon dioxide for 35producing dry ice in addition to the stored

002, Accordingly, tie, 6 Qg %dasssggg%nré&% ‘M@’%ﬂ SIESIRIPHS TG 3 gy fce

produced by the drﬁge pro ucm%dum IS transt rred e nozzle %I means o e tube (not
shown). The electri®ff pHRYEH PR RO IRt 30sIH Rl HRNBbER RBARART 30, to the

motor 10 of the actiratitey uands th@bdﬂﬁr@ﬁbmemf@fo @l@dﬂtf@Idégorﬂdijcmgvmmsmm'h@frobot
controller 30 is conprsteddo therrabatdamilmgoyidee theowdaterits noweieAtiemaively, Tthig possible to

use prefabricated deygfes 303 neriaOh LRI oz’npoﬂ RestgrellaiorsiushAd e de! with pfan 41 for
transporting waist produ rés%orl |na| frgqr]nch t% ce c‘g;nm from the container. 24 tE§t e tool 20. The

ventilation duct 40 RHELS fYeP 4arr P19 B‘Fé”P]%Ugl?l &t A WRter #6. The outlet
46 is, for example, %HIQ'S‘ﬂ&te'd‘tbrﬁssl%F&E@@'rﬁﬁ@f@t LR RRVHYIES BSgAfRAWRINY the waist
products. ThéSluctZ2dahebayidia dopatee inkidththe dlootiBg.taendabs A0 G obt lesemepleg tarranged by

installation of a squ@dlﬂq)nr 422 {beahgw§|r@eobﬂaﬁj@@qln'grk@rqumng'ﬁtetl'ﬁbwgﬁa{ﬂﬁ[ b agsg well as of
the opening 12 of tlbec'é\%a”]%de the housing 2. The power unit 32 is, for example,
a battery, fuel cell, or a power plant producing electricity based
on a fossil fuel. In this embodiment the power unit is a power
20 plant producing electricity based on diesel.

In this embodiment, the tool further comprises a dry ice produc-
ing unit 34 arranged to produce dry ice, i.e. frozen carbon dio-
xide, and to provide the nozzle with the dry ice. The dry ice pro-
25 ducing unit 34 is located inside the housing 2. The dry ice pro-
ducing unit 34 comprises storage for CO,. The dry ice producing
unit further includes a compressor 36 for delivering the dry ice
with super sonic speed to the walls of the container to be
cleaned. In this example, the power unit 32 includes a diesel
30 engine. The diesel engine produces waist gases including car-
bon dioxide. The carbon dioxide is separated from the waist
gases and is led to the dry ice producing unit 34 via a duct 38.
The dry ice producing unit is configured to receive the carbon
dioxide from the power unit and to use the carbon dioxide for
35 producing dry ice in addition to the stored CO,. Accordingly, the
CO, from diesel engine is reused in the dry ice producing unit.



20 is provided with bellows 54a-b to allow the openings to be sealingly connected to each other. The tool
comprises means 50a-b for attaching the opening of the housing 2 to the opening of the container 24. The
container is provided with corresponding attachment means 52a-b. Figure 4 shows an example of the at-
25 tachment means in more detail. In this example the B&achment means of the tool includes a rotatable
gripping arm 50a arranged movable relative the housing of the tool, and the container 24 is provided with
space having an elongated opening 52a adapted for receiving the rotatable gripping arm. This is a 30
common type of attachment means for ISO-containers. Figures 5-7 show a system for cleaning the
interior of ISO- conldiged 24iCEh@ todtitrek 034 they el sy oess ppedingin tbrueitcdwing @S The system
comprises a cleanifigrie@ 26 ah dlen32zsibpdyith cefrtersted tdigies fuaerd @ dthsrsyatam further

comprises a truck qqq%o%q@(l}%%%qq;méqr @@J}%@”B a}rr% fﬁgﬁﬁ%@h@g@@ﬂ@éo type. The

truck 60 includes a bage structure prow whe i r. The base rovided with

two pairs of upwargi Gur( qurmarﬁ’t 95 r(B?f %ht L&I’Pegarué\ ments 64b.
The 5 distance beﬁW@eﬁQﬁ@é%‘éﬁéﬁt@& DEr Hb@ré’sfp/oﬁéﬁtd)r@rqb' @l ﬂ@léﬂttlé}@erﬁhﬁnr@m width of the
containers in orderko tltmnthel feonBéndsrezo mtmnwtt 6alattvetor cemetva tiae doptaoned @4 . fhiee truck is

further provided witk, B&r'rwl'ng 9eli- Theraripringgo! 62 is prageiyagcallemeratie elative the
elements 10 64a- b grt: dr%gly relative the ground. The gripper tool 62 is provided with at least four
0 grip‘and a

grippers 65 designe ttach to the container 24. The grippers 65 are, for example, of the same
type as shown in figured 4. The grippers 65 includes a rotatable gripping arm arranged movable relative
the gripping 18 tool hehdahé foskhd theodbpragess24 and iddio e 2 6f pe ¢idading ifdoks provided

with space having garelangésediopebinge ity adentaddes crostiving ithyi matatap|érgripring atny. This truck
60 is designed for gripRiNg ARt °Yr‘89n'Siﬁ’ec%tﬁt%‘?%?“zzi\ct@fﬁiagt%h%G‘VW@Wé*Pﬁ pame truck 60

5 also used for 2040 2 BRSROLA ST S CPENGACl - FIBUER 8 7Y "5 il ©0 moving

housing and an outlet 46. The outlet 46 is, for example, con-
15 nected to a storage unit 48, such as removable bag, for retain-
ing the waist products. The duct and the bag are located inside
the housing. The duct 40 is, for example, arranged by installa-
tion of a second floor 42 in the housing of the tool. The opening
of the container 24 as well as of the opening 12 of the housing 2
20 is provided with bellows 54a-b to allow the openings to be sea-
lingly connected to each other. The tool comprises means 50a-b
for attaching the opening of the housing 2 to the opening of the
container 24. The container is provided with corresponding at-
tachment means 52a-b. Figure 4 shows an example of the at-
25 tachment means in more detail. In this example the attachment
means of the tool includes a rotatable gripping arm 50a ar-
ranged movable relative the housing of the tool, and the con-
tainer 24 is provided with space having an elongated opening
52a adapted for receiving the rotatable gripping arm. This is a
30 common type of attachment means for ISO-containers.

Figures 5-7 show a system for cleaning the interior of ISO-
containers 24. The containers 24 have access openings for re-
ceiving goods. The system comprises a cleaning tool 20 as de-
35 scribed with referenced to figures 1 and 2. The system further
comprises a truck 60 specially designed for gripping and carry-



When the truck has reached the cleaning tool, the gripping tool 62 is moved so that it is above the roof of
the cleaning tool. The 25 gripping tool is lowered until the gripping arms of grippers can be inserted into
the openings 15 of the housing of the cleaning tool. When the gripping arms have been inserted in the
openings, the gripping arms are rotated about 90 degrde and the grippers are locked. When the cleaning
tool has been attached 30 to gripping tool of the truck and raised from the ground, the truck moves the
cleaning tool in a direction towards the container 24 to be cleaned, as shown in figure 6. The door of the
container to be cleaned and the door of the housing of the cleaning tool are opened. The truck moves the
cleaning tool so thanthdradgpering fitherslexinlitdoyine fating e epdiininof e soa- bainer 24.

Thereatfter, the trucitrueyesshereleriurg irehinio el Santacawittotitr canisines sedthesipesings are
attached to each °¥$e rRAJBROWR YRS yaimeans %W‘a?&i%awgfﬂﬂ'&f@ éﬂé’rﬂ@ﬂf@?

tool to the interior of the Cfgtam(fr 14. Wh$n %If robot is'inside t
cleaning by dr ice%?érstg Fae RtEAYY BFtn c%rﬂgiﬂe?, Béghgwmﬁrﬁ&u? .
agpreﬁtﬁj%ﬂﬂéa%&tﬁ%ﬂimﬂeqtﬁf@@rwm@wh @Ié%@iih&@fﬁﬁéﬁﬁt@ﬂdr%f@lﬁé%cfhtainer.
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or if all con- 15 tainers has
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cleane aning to a storage pos
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provided with at least four grippers 65 designed to grip and at-
tach to the container 24. The grippers 65 are, for example, of
the same type as shown in figured 4. The grippers 65 includes a
rotatable gripping arm arranged movable relative the gripping
tool, and the roof of the containers 24 and the housing 2 of the
cleaning tool is provided with space having an elongated open-
ings 15 adapted for receiving the rotatable gripping arm. This
truck 60 is designed for gripping and moving ISO-containers 24.
According to the invention, the same truck 60 is also used for
gripping and transportation of the cleaning tool 1.

Figure 5 shows the truck 60 moving towards the cleaning tool 1.
When the truck has reached the cleaning tool, the gripping tool
62 is moved so that it is above the roof of the cleaning tool. The
gripping tool is lowered until the gripping arms of grippers can
be inserted into the openings 15 of the housing of the cleaning
tool. When the gripping arms have been inserted in the open-
ings, the gripping arms are rotated about 90 degrees and the
grippers are locked. When the cleaning tool has been attached
to gripping tool of the truck and raised from the ground, the
truck moves the cleaning tool in a direction towards the contain-
er 24 to be cleaned, as shown in figure 6. The door of the con-
tainer to be cleaned and the door of the housing of the cleaning
tool are opened. The truck moves the cleaning tool so that the
opening of the cleaning tool is facing the opening of the con-
tainer 24. Thereafter, the truck moves the cleaning tool into

ég be cleaned,
ion of the tool.



The present invention is not limited to the embodiments disclosed but may be varied and modified within
the scope of the following claims. For example, in the embodiments described above the housing is
provided with walls enclosing the robot and 25 thereby achieving suitable conditions for the robot
regarding damp and temperature. In an alternative embgdiment it is possible to have a framework without
walls, or with only a few walls, or with only a roof, but no walls. However, such a construction is only
suitable to use indoors. The truck disclosed in figures 5-7 30 is a straddle carrier type of truck. However,
the truck can be of various types, for example, container handlers, reach stackers, forklift trucks and
automatic stackingapatast MVsithLAN@Scontain (a29) tbecloggininge iatetioa bhs ethhiccontainer of

ISO type having ancaesiesstapenime éor 6neivisoroo0esl the piead senudrisheg s fibamiewoik(@),  a robot

(1) movably connegigeQ e fFABITYOEIEEPIIUERTAITS 96 ihE MEsiplingR deging medium,
an actuating unlt( arrangféit ove E %% etween éOt ramework angztfe nt erlo of the
at

container, charactefiz8§ bl IéSuH?tS ! ?051%351? 4 at allows a
truck adapted Jor ghﬁﬁlﬁbsamfcéfﬁﬂrﬁ’gﬁﬂe@m @&t&ﬁe@%‘igb%ﬁ@%'@rﬁﬁﬁ@hﬂj éﬁﬁ‘yQﬁ@ tool in order
to move the tool totanddrorasheloown in figure 7. The robot is moved according to a

preprogrammed path suitable for carrying out cleaning of the in-

terior of the container. During the cleaning, the actuating unit

moves the robot along the length axes of the container so that
10 the entire container is cleaned.

When the cleaning is finished the robot is moved back into the
interior of the cleaning tool 20 and the truck 60 either moves the
cleaning tool to the next container to be cleaned, or if all con-
15 tainers has been cleaned, moves the cleaning tool back to a sto-
rage position of the tool. When the cleaning of the containers
has been finished the same truck can be used for moving the
cleaned containers to a vehicle such as a train or a ship for fur-
ther transportation.
20
The present invention is not limited to the embodiments dis-
closed but may be varied and modified within the scope of the
following claims. For example, in the embodiments described
above the housing is provided with walls enclosing the robot and
25 thereby achieving suitable conditions for the robot regarding
damp and temperature. In an alternative embodiment it is possi-
ble to have a framework without walls, or with only a few walls,
or with only a roof, but no walls. However, such a construction is
only suitable to use indoors. The truck disclosed in figures 5-7
30 is a straddle carrier type of truck. However, the truck can be of
various types, for example, container handlers, reach stackers,
forklift trucks and automatic stacking cranes.



tainer to be cleaned, said cleaning medium is dry ice, and  the robot and the nozzle are adapted to
clean the interior of the container by means of dry ice blasting. 20 2. The tool according to claim 1,
wherein the framework is designed as a housing (2) enclosing the robot (1) and the actuating unit (6), the
housing having an opening (12) for receiving the robot &d the actuating unit is arranged to move the
robot be- 25 tween the interior of the housing and the interior of the container when the opening of the
housing is facing the opening of the container. 3. The tool according to claim 2, wherein the housing
(2) is 30 sized and designed as an ISO-container. 4. The tool according to claim 2 or 3, wherein the
housing (2) is elon§kaddlMHB housing has a rectangular cross section, and the housing opening has a
rectangular cross section and is provided 35in one of the short sides of the housing. 16 5. The tool

according to claim 4, Wh%ﬂ%h’%h%“ﬂ)@b@é’?ﬁﬂ?ﬁm%ﬁé oy g_ttﬁg@qt &g%ﬂp@}_g to_ol c_)f said
truck. 6. The tool ac to any of the claims 2-5,'wherein the .5 opening.(I2) of th sing is sized
(o attach to tnt ac ALY SR o B En B SRR SREA eSS EE GRS SR EFrol imaime the
opening of theShoutR®] ©PAPHISERGN of container. 107. The tool according to any of the claims 2-6,
wherein the opening (12) éfadinedwasin@$, provided with a door (14) and the housing is designed to
sealingly enclose the robotwheh {9 daenigtsipsed ihBrauioBrest theniehpd From dle sHsrounding
environment. vided with a nozzle (4) for supplying a cleaning medium,
an actuating unit (6) arranged to move the robot between
10 the framework and the interior of the container, characterized
in that
the tool is a portable unit,
the tool has a size and design that allows a truck adapted
for gripping and carrying freight containers of ISO type to grip
15 and carry the tool in order to move the tool to and from the con-
tainer to be cleaned,
said cleaning medium is dry ice, and
the robot and the nozzle are adapted to clean the interior of
the container by means of dry ice blasting.
20
2. The tool according to claim 1, wherein the framework is de-
signed as a housing (2) enclosing the robot (1) and the actuat-
ing unit (6), the housing having an opening (12) for receiving the
robot and the actuating unit is arranged to move the robot be-
25 tween the interior of the housing and the interior of the container
when the opening of the housing is facing the opening of the
container.

3. The tool according to claim 2, wherein the housing (2) is
30 sized and designed as an ISO-container.

4. The tool according to claim 2 or 3, wherein the housing (2) is

elongated, the housing has a rectangular cross section, and the

housing opening has a rectangular cross section and is provided
35 in one of the short sides of the housing.



15 8. The tool according to any of the claims 2-7, wherein the tool comprises a dry ice producing unit (34)
arranged to produce dry ice and to provide the nozzle (4) with the dry ice, and the dry ice producing unit is
located inside the housing (2). 20 9. The tool according to claim 8, wherein the tool comprises a power
unit (32) for providing power to the robot (1), the actuatifyy unit (6) and to the dry ice producing unit (34),
and the power unit is located inside the housing (2). 25 10. The tool according to claim 9, wherein said
power unit (30) is arranged to produce power based on a fossil fuel and the dry ice producing unit (34) is
configured to receive the waste gases from the power unit and reuse the carbon dioxide of the waste
30gases for produding tld erydoéd. atToTden@dbactaiding, twvhey @intié eldms o (@he@m-the tool

comprises a ventilgiiangkich 64 dof tEANRPOHING ovARES Rasluntp piginedioy dosnidetdicice cleaning from
the container 35to the tool, the ventilation duct having an inlet (44) arranged in the opening of the

housing. 17 12. The to Iaccord n%cl%géthe revious claims wherelnt (hls an miiustrlal robot

having at least fou rotat PHch Por%lé) ni th% HBfofo &W&Bn |?1er (24) 5of
ISO type haviy arp@(%éwo&é%hgofbrtf&ewmd§ vﬂ%@&nﬁ%e&ﬂ&ﬁbd%ﬁ%s@éﬁess

opening of the container, and the tool comprises means (50a-b)
for attaching the opening of the housing to the opening of con-
tainer.

10 7. The tool according to any of the claims 2-6, wherein the
opening (12) of the housing is provided with a door (14) and the
housing is designed to sealingly enclose the robot when the
door is closed in order to protect the robot from the surrounding
environment.

15
8. The tool according to any of the claims 2-7, wherein the tool
comprises a dry ice producing unit (34) arranged to produce dry
ice and to provide the nozzle (4) with the dry ice, and the dry ice
producing unit is located inside the housing (2).

20
9. The tool according to claim 8, wherein the tool comprises a
power unit (32) for providing power to the robot (1), the actuat-
ing unit (6) and to the dry ice producing unit (34), and the power
unit is located inside the housing (2).

25
10. The tool according to claim 9, wherein said power unit (30)
is arranged to produce power based on a fossil fuel and the dry
ice producing unit (34) is configured to receive the waste gases
from the power unit and reuse the carbon dioxide of the waste

30 gases for producing the dry ice.

11. The tool according to any of the claims 2-10, wherein the
tool comprises a ventilation duct (40) for transporting waste
products originating from the dry ice cleaning from the container

35 to the tool, the ventilation duct having an inlet (44) arranged in
the opening of the housing.



providing a cleaning tool (1) comprising a framework (2), a robot (1) movable connected to the framework
and having a nozzle (6) for supplying a cleaning medium including dry ice, 10and an actuating unit (6)
arranged to move the robot relative the framework,  gripping the framework of the tool by means of a
truck (60) designed for gripping and carrying freight cofltainers of 1ISO type, 15driving the truck carrying
the tool to the container to be cleaned, = moving the robot into the interior of the container by means of
the actuating unit, and moving the nozzle by means of the robot along a pro- 20grammed cleaning
path while cleaning the interior of the con- tainer by means of dry ice blasting. 14. The method according
to claim 13, whereihZhe Frento@ria@ashigisas a dbldbiagesaslssirgy thei robotvend i athgating 25

unit, the housing hagingtar epeniusized|tecitach 4o ithg agdesssereningstbhe cantaier, the truck is
moving the tool to a position in which the opening of the housing is facing the opening of the container,

nd the meth ri hing th ing of th in h ing of container 15. A
2ysc,jt::-rr(13 foreélé);n?:gqg'eﬁ?g#i%%papﬂiigll]%%%rjw?gn%}éofe 'I’Q%J%B%)f t iﬁég @15&%&%3%%& ZH‘?rorecSeiving
goods, the syRem ebmpidiny BRaRiAY B A1) IRAFRES aFRANERDrEPP), "2 £6I8tNY) MBP&Se connected
to the framework and previted evitne3ba dazzia §6jsies supplying a cleaning medium, an actuating unit

providing a cleaning tool (1) comprising a framework (2), a
robot (1) movable connected to the framework and having a
nozzle (6) for supplying a cleaning medium including dry ice,
10 and an actuating unit (6) arranged to move the robot relative the
framework,
gripping the framework of the tool by means of a truck (60)
designed for gripping and carrying freight containers of ISO
type,
15 driving the truck carrying the tool to the container to be
cleaned,
moving the robot into the interior of the container by means
of the actuating unit, and
moving the nozzle by means of the robot along a pro-
20 grammed cleaning path while cleaning the interior of the con-
tainer by means of dry ice blasting.

14. The method according to claim 13, wherein the framework
(2) comprises a housing enclosing the robot and the actuating
25 unit, the housing having an opening sized to attach to the
access opening of the container, the truck is moving the tool to
a position in which the opening of the housing is facing the
opening of the container, and the method comprises attaching
the opening of the housing to the opening of container.
30
15. A system for cleaning the interior of a freight container of
ISO type having an access opening for receiving goods, the sys-
tem comprising cleaning tool (1) including a framework (2), a
robot (1) movable connected to the framework and provided with
35 a nozzle (6) for supplying a cleaning medium, an actuating unit



18 (6) arranged to move the robot between the framework and the interior of the container, characterized
inthat  said cleaning medium is dry ice and the robot is adapted to clean the interior of the container by
means of dry ice blasting, 5the system further comprises a truck (60) adapted for grip- ping and carrying
freight containers of I1SO type, the tool is portable unit, 48d the housing has a size and design that
allows said truck to grip and carry the cleaning tool in order to move the cleaning 10tool to the container

to be cleaned.

(6) arranged to move the robot between the framework and the
interior of the container, characterized in that
said cleaning medium is dry ice and the robot is adapted to
clean the interior of the container by means of dry ice blasting,
5 the system further comprises a truck (60) adapted for grip-
ping and carrying freight containers of ISO type,
the tool is portable unit, and
the housing has a size and design that allows said truck to
grip and carry the cleaning tool in order to move the cleaning
10 tool to the container to be cleaned.



