1 CRANE EQUI PPED W TH | NSPECTI ON DEVI CE BACKGROUND OF THE | NVENTI ON 1.

FI ELD OF THE | NVENTI ON 5 The present invention relates to a crane equi pped
with an inspection device. 2. DESCRI PTI ON OF RELATED ART Recently, there
has been an increase in the illegal 10 inportation of suspicious itens

hi dden i nside contai ners. Therefore, %?en i nporting and exporting

containers, especially at a container
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decreasing i nspection manpower or naintaining the status of cargoes,
has been a demand for a nethod which allows nondestructive inspection
out si de wi thout opening the container. As an inspection device that
nondestructively inspects BAIKGRSIUNS S difdus NU GM a container, the
for exanple a straddle inspection systemdescribed in Published Japan
transl atl .orfINOLD 2O0CFIBFLANBENTIRCT (FIG 1, FIG 4). This straddle
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inspection device.

2. DESCRIPTION OF RELATED ART

Recently, there has been an increase in the illegal
importation of suspicious items hidden inside containers.
Therefore, when importing and exporting containers, especially
at a container terminal of a harbor, it has become
increasingly important to quickly discover and uncover the
suspicious items by inspecting inside the container.
Particularly from the viewpoint of decreasing inspection
manpower or maintaining the status of cargoes, there has been
a demand for a method which allows nondestructive inspection
from outside without opening the container.

As an inspection device that nondestructively inspects
for suspicious items in a container, there is for example a
straddle inspection system described in Published Japanese
translation No. 2000-514183 of PCT (FIG. 1, FIG. 4). This
straddle inspection system has a transmission radiation source
and a detector which detects radiation, installed on a

straddle crane having just sufficient space to enable a
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container to pass in between, and by self-propelling this straddle crane to
rel atively nove the container between the transm ssion radiation source and
the"detector, a radiographic inmage of the container is obtained, and the
presence of 5 suspicious itens is inspected for based on this radi ographic

i mage. However, there is a problemin that the main inspection object of
this straddl e i nspection systemis stored containers, in the case where,

for exanple, the containers are 10 directly |oaded int . vessel w thout

bel ng. ot TER LTSk o RAShepbrts i1 | Tty oc st L Fd nethbre, i n the
i nspection device, the positional relationship of the inspection device and
the contHIRA e deperffi gt Bhl ¥ HOPostts ot 381k i HSH $P 081 he
straddl e crane and the 15 contai ner. Hence the inspection condition changes
at each tiagmpecidiom Fwrafiore,sduspectidonmcdstaytds rotradhsymariiand t he
anal ysis of inspection results is tinme-consum ng. BRI EF SUMVARY OF THE

| NVENTI Qxhafk The titee ssmita inventiomiitakiased ntand ottse deraddrore tdie above
situation, with an object of providing a crane equi pped with an inspection

devi ge tdhadp LR NHahd excald it dNSREEth Dy CONi {1 HNsa M ddpeatsn fecr easi ng
cargo transporting efficiency. In order to address the above problens, the
crane 25u§gﬂgpped with an inspection device of the present invention 3

However, there is a problem in that the main inspection
object of this straddle inspection system is stored
containers, in the case where, for example, the containers are

10 directly loaded into a vessel without being stored, cargo
transporting efficiency decreases. Furthermore, in the
inspection device, the positional relationship of the
inspection device and the container changes depending on the
positional relationship of the straddle crane and the

15 container. Hence the inspection condition changes at each
inspection. Therefore, inspection accuracy is not constant

and the analysis of inspection results is time-consuming.

BRIEF SUMMARY OF THE INVENTION
20 The present invention takes into consideration the above
situation, with an object of providing a crane equipped with
an inspection device that can maintain excellent inspection
conditions without decreasing cargo transporting efficiency.
In order to address the above problems, the crane

25 equipped with an inspection device of the present invention



enpl oys the followi ng neans. That is to say, the crane equi pped with an

i nspection device according to the present invention is a crane having an

i nspection device, which inspects a cargo, the crane 5 conprising: a main
body of the inspection device; a holding part which holds said cargo; a

hol ding part drive device which novesssaid holding part along a
transporting route; a position adjustnent device which adjusts the position

of said | ti i,Ce .\ respect to said transporting route; a 10
positioﬁngégggi5gﬁﬁﬁﬁﬁﬁlﬁgﬁgég§ ?ﬁg relative positions of said inspection

devi ce and Sﬁid 03%g&g>and at ontrol device whjch .controls operation of
said positio ' nt>devi AR STEUIRRSSC S e TR S 4 d det ect or

so that said inspection device and said cargo are positioned appropriately
for 15 i9eP&& a0 NN Nche T rtdife Fécﬁﬁeéﬁedwecr’%]t% lisSpettansh eiiinge an
constructed in this way, the position adjustnment device and the control
devi ce ddjsgstcttime plesiitdeon wifidrhelnsyspect iorampyi dhievdtaeespect to the
transporting route, based on the 20 detection results of the position

det ebt orcorid diligy i naprat hobodgewvitcehandntheceango dake cpesiat henddng
appropriately for inspection. Here, in addition to non-destructive

i nspect iipn-10f,1ikg HNHAe Ol & L0 AlN6l61diMey Pk ANk et RRedidh an 25
i nspection device according to the present invention nay be
moves said holding part along a transporting route; a position
adjustment device which adjusts the position of said
inspection device with respect to said transporting route; a
10 position detector which detects the relative positions of said
inspection device and said cargo; and a control device which
controls operation of said position adjustment device based on
detection results of said detector so that said inspection
device and said cargo are positioned appropriately for
15 inspection.

In the crane equipped with the inspection device
constructed in this way, the position adjustment device and
the control device adjust the position of the inspection
device with respect to the transporting route, based on the

20 detection results of the position detector, and the inspection
device and the cargo are positioned appropriately for
inspection.

Here, in addition to non-destructive inspection of the

inside of a container, the quay crane equipped with an

25 1inspection device according to the present invention may be



4 enployed for the purpose of, for exanple, inspection of outward
appearance, or reading |abels and such. This crane nay also be used as a
guay crane. Wth a crane constructed in this way, when containers are 5
transported between the container term nal and the vessel, container

i nspection can be performed using the inspection equipnment. That is to say,
a suspicious container can be identified at an early stage by perform ng
inspectieonrll Pof e’g(@e Olg:ottai ner gtethg f%or Ste;?én?ﬁf of.IgSeceeé toat he cont ai ner
10 termi Ad, 0 the cont dnt¥ o1 the cont ai nert at’ shi p%i ng Can be guaranteed
b erformn he inspection of the container at the final stage of

s%i Bpi ngo‘ftr‘b%cﬁ HPROM HFrer Perif a9 FAtfes i, SERR: crane qui pped with

an inspection device may be provided with: a detector that detects

radi ati on 15 Thteneidaye BaplaukaPiky wicd arlF ad | G2 B 0L¥2RS:- on either side of
an inspection area into which the cargo, that respectively irradiate

radi ati on to Wieh saneraet ectrost fuornedi 1 erlend wappsi themsgomt aboket at & 00
devi ce which respectively assigns a different nodulation to each of the

radi ati ofr £mdpd eted rom wden 2bheachntdinde tathohd Dnas@utice; vasse an
identification device which distinguishes the nodul ation assigned to the

radi ati ofon {NBte Nasy &N &F B4 then ded 664 OF , DRSE D, OPn &N: RUIT PN L OF £ L B o
detector, and determnes from which of said radiation sources the radiation
has beene&ﬁ{ﬁﬁgﬁgfxiThat is to say, a suspicious container can be
identified at an early stage by performing inspection of the
container at the first stage of receipt at the container
10 terminal, or the contents of the container at shipping can be
guaranteed by performing the inspection of the container at
the final stage of shipping from the container terminal.
Furthermore, the crane equipped with an inspection device
may be provided with: a detector that detects radiation
15 intensity; a plurality of radiation sources on either side of
an inspection area into which the cargo, that respectively
irradiate radiation to the same detector from different
positions; a modulation device which respectively assigns a
different modulation to each of the radiation emitted from the
20 each of the radiation source; and an identification device
which distinguishes the modulation assigned to the radiation
that has entered the detector based on an output of the
detector, and determines from which of said radiation sources

the radiation has been irradiated.

25 This inspection device is a so called nondestructive



25 Thi s

radi ographi c i mage of the inspection object. However, it differs froma
onal nondestructive inspection device in that the radiationis 5
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i nspection device is a so called nondestructive 5 inspection device
whi ch inspects the inside of the inspection object based on the
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inspection object. 1In other words, the radiation transmitted
through the inspection object from different directions enters
the one detector.

These radiations are respectively assigned different
modulations by the modulation device for each radiation
source. For the modulation device, a chopper or the like that
modulates the radiation generated by the radiation source to
convert the radiation which reaches the detector into a pulsed
radiation of a frequency specific to the radiation source, is
used.

The output of the detector when these modulated
radiations enter the detector reflects the modulations
assigned to the incident radiations. For example, in the case
where the chopper is used as a modulation device, the output
of the detector contains a frequency component at which the
output fluctuates, at the same frequency as the modulation of
the chopper.

The modulation assigned to the radiation that enters the

detector is identified by the identification device based on

out put fluctuates,

at



The nodul ation assigned to the radiation that enters the 25 detector is
identified by the identification device based on 6 this output of the
detector, and which radiation source the radiation, which has entered the
detector, is emtted fromis identified based on the nodul ation
information. For the identification device, for exanple, a lock-in
anplifier or the 5 |like that takes out a signal of a frequency the sane as

the no [ e fr t he. qut . of . t he t is
used. TgctjrjlslaDI ioﬁﬂifﬂ#’g C};ﬁs%ﬁe]ect(}cé(}g@%%\ﬁ’ce, hvghlr%gilgﬂloangleénﬁpﬁggg%crgﬁrﬁ a
pluralit f radiation squrces can be separately 10 identified for each

Pl at | Pt 8 by e QST e eriis FIS R e T ot Bt UL, £1Ohst ovor | ap.
As a result, in this inspection device, while having a construction where;
a pl ural 1980 oFf ki A serh Fourteanediel a by Hel el $hspdétt diarea i s set

| arge, and the inspection 15 object is inspected froma plurality of

di recti omgntieeratiorstddtiate onsonfeexpehsi e detlectoranal ef requir edthe
conpared to the conventional nondestructive inspection device, and a

det ect orlilatthst staitd erodthan ¢ henone fisedf fogudey convenié anal the
nondestructive inspection device can be used, so 20 that the equi pnent cost

can be kefdul oW oMUEOVES . tHY UG A 1 | e SLESEOT o f thee defosars s on of

the detector due to its own wei ght becones smaller, and

is used.

Thus, in this inspection device, the radiation emitted

from a plurality of radiation scurces can be separately
10 identified for each radiation source by one detector, even if
the irradiated positions overlap.

As a result, in this inspection device, while having a
construction where; a plurality of radiation sources are
provided, the inspection area is set large, and the inspection

15 object is inspected from a plurality of directions, fewer
installations of expensive detectors are required compared to
the conventional nondestructive inspection device, and a
detector that is smaller than the one used for the
conventional nondestructive inspection device can be used, so
20 that the equipment cost can be kept low.

Moreover, by using a smaller detector, the deformation of
the detector due to its own weight becomes smaller, and
detection accuracy of the detector becomes higher so that more
accurate non-destructive inspection can be performed.

25 Furthermore, the inspection device itself becomes smaller



detection accuracy of the detector becones higher so that nore accurate
non-destructive inspection can be perfornmed. 25 Furthernore, the inspection
device itself becones smaller 7 than the conventional one, so that nore
options of crane installation |ocation becone avail able and vari ous
operations becone possible. According,;o t he crane equi pped with an

i nspection device 5 according to the present invention, the inspection of
t he carﬁg bytthe i ns cIioq_device ist erformed u@der a const ant

condi ti of 2 TAnd exc8 [Bht T HepettT o ¢ €<t t '%an B Ways® b& Obt'AT ned.

Mor eover, since the inspection condition is maintained 10 constant%% in

this way!"$iSpettidh ¥ 1Y oI HhRE €t it L Aot A hef ST LA b TohpA?

easily, and automation or sem - automation of inspection result evaluation
can be di9Me rrdfiiedsl. 15 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAWNGS FIG 1 is a side view show ng the construction of a quay crane
accordi ng t o Acdordinentodimentrafe tdpujpmsentith neningrectH & @ vican
enlarged view of FIG 1. 20 FIG 3 is a plan view showi ng the construction
of asquayccEr@ingy acs otk Nerd et SEERAEk BRbodi menin §fe dthopresete i nvention.
cargo by the inspection device is performed under a constant
condition, and excellent inspection results can always be
obtained.
Moreover, since the inspection condition is maintained
10 constantly in this way, inspection results of different
containers can be compared easily, and automation or semi-

automation of inspection result evaluation can be easily

achieved.

15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
FIG. 1 is a side view showing the construction of a quay
crane according to a first embodiment of the present
invention.
FIG. 2 i1s an enlarged view of FIG. 1.
20 FIG. 3 is a plan view showing the construction of a quay
crane according to a second embodiment of the present

inventiocn.

DETAILED DESCRIPTION OF THE INVENTION

25 Hereunder, embodiments according to the present invention



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 Her eunder, enbodi nents according to
the present invention 8 are described, with reference to the draw ngs. First
enbodi nent A first enbodi nent of the present invention is described 5
below, with reference to FIG 1 and FIG 2. In the present enbodi nent, as
shown in FIG 1, an exanple 1is given %ﬂere the present invention is applied
to a quay crane 1 that perforns cargo andling oper ati ons between a

cont ai ner e sel a ongsi.de o quy §%\é wcontainer 10 termnal T
provi ded on rlnor 'se 1i}%)nre echas on' e quay wall Q A main
body 2 of the quay crane 1 is constructed with a boom 14 that extends to
the upper side of the container vessel S, provided above front legs 11 and
rear legs 12 that are 15 nutually connected by connection nenbers 13 and are
respect i el st preRedEeEi t h wheel s on their bottomends. The front |egs and
the rear legs 12 are substantially | adder shaped structural bodies being
formed by respefttrstelgmbabimmect | eheadreodntcal wrerat i orenber de dyr Heads not
shown in 20 the diagram and each of the colum shaped nenbers of the front

| egs 511 Wb hewiEearréegserlde af® COnNectgel byrd hex. connection nenbers 13.
Here, of the connection nenbers 13, the connection nenber 13 that is

SUbStantial|yIﬁ0Eﬂécggé%éﬂ% embodiment, as shown in FIG. 1, an example

is given where the present invention is applied to a quay
crane 1 that performs cargo handling operations between a
container vessel S alongside of quay wall Q of a container

10 terminal T provided on a harbor section, and a chassis V on
the quay wall Q.

A main body 2 of the quay crane 1 is constructed with a
boom 14 that extends to the upper side of the container vessel
S, provided above front legs 11 and rear legs 12 that are

15 mutually connected by connection members 13 and are
respectively provided with wheels on their bottom ends.

The front legs and the rear legs 12 are substantially
ladder shaped structural bodies being formed by respectively
connecting a pair of columnar members by beams not shown in

20 the diagram, and each of the column shaped members of the
front legs 11 and the rear legs 12 are connected by the
connection members 13. Here, of the connection members 13,
the connection member 13 that is substantially horizontally
provided between the front legs 11 and the rear legs 12 is a

25 connection member 13a.



provi ded between the front legs 11 and the rear legs 12 is a 25 connection
menber 13a. 9 The boom 14, suspends a spreader 15 (holding part) that a
container Cis fixed onto, and is provided with a trolley 16 (holding part
driving device) that can nove along the boom 14, and a hoisting device 17
for winding the spreader 15 up and 5 down. By suspendi ng, w ndi ng up and
down, and noving the container Cwth these, the container Cis transferred

bet ween the gontainer, yvessel S and. a chassis M. s ing- by bel ow the_ quay
crane 1. The TRerat TS 4 FotRaHE the bt nel® & Tr O PO onk il rar
d as_descri bed

vessel S to the chassis_V with this ay crane 1, is, perfor
bol ov TS DIl L8 HE COnt T o X HE O ot b b s e CB oY Sl el d by
the spreader 15, and in this state, the container C is lifted substantially

verti cal (Fokpind R Py ediet eiif el 15 heilyht B30 ViR iyl *Upe t Hee speeadet, 15
with the hoisting device 17. Next, the trolley 16 is noved al ong the boom
14, noviarngd 4 heocontrag neeviCal bhgfaw thindengprieadeprddden 1 heuposndi on

ri ght above the target chassis V. Then, by w nding down the spreader 15

Wi t hst heddwan st iByg sdepeerlihs, tWieddent aiphemndCdard0 ssubsiarntiqaldhe vertical 'y
| onered towards the chassis V, and the container Cis placed on the chassis

V. On theotdede hand, i {6 opes atiigh Qind AL PAthe P PEFed between

the container vessel S and a chassis V standing-by below the
quay crane 1.
The operation of loading the container C from the
10 container vessel S to the chassis V with this quay crane 1, is
performed as described below.
First of all, the container C on the container vessel S
is held by the spreader 15, and in this state, the container C
is lifted substantially vertically up to a predetermined
15 height by winding up the spreader 15 with the hoisting device
17. Next, the trolley 16 is moved along the boom 14, moving
the container C along with the spreader 15 to the position
right above the target chassis V. Then, by winding down the
spreader 15 with the hoisting device 17, the container C is
20 substantially vertically lowered towards the chassis V, and
the container C is placed on the chassis V.
On the other hand, the operation of loading the container
C from the chassis V into the container vessel S is performed
in the reverse order to that described above.

25 That is to say, in this quay crane 1, the transporting



Cfromthe chassis Vinto the container vessel Sis perforned in the
reverse order to that described above. 25 That is to say, in this quay crane
1, the transporting 10 route Wof the container C as shown by the solid
line in FIG 1, is set to pass through the area encl osed by the front |egs
11, the rear legs 12 and the connectiop,nmenber 13a. Moreover, in this quay
crane 1, the container Cis 5 transpor?ed so that the |l engthw se direction

Lhor eof i Substamaldan orihooonal L. 4fie d enaldvi oe: #1TSeLLan of gl he

connecti'on nmenber * he crane, position

adj ust nent devi ce) that can be ved al ong the | engthw se O direction of
The. coniectio? Srerisbrb i NS B! G GhE T ' KAFIACHY ol reibt - TRBS
Moreover, an inspection device 22 which inspects the container C handled by
t he quayl lor drite Irgar presa ded ol tHis cargkton mHgkey slid- say, the position
of the inspection 15 device 22 along the | engthw se direction of the
connection nrembervdi3a icarttbies agjastadiy hopwing edretainuek Qliand it

beconmes possible to adjust the position of the inspection device 22 with
respect dtrxartdpomerd i €altieonmpanenierjtiiese tdianspordn nghesoebe W 20 As shown
in FIG 2 (an enlargenent of the area enclosed by a circle in FIG 1), the

truck 2 hos- wheel 81 o dlg@ £l to the lengthwise direction of the
connection member 13a.

In the main body 2 of the crane, a truck 21 (position
adjustment device) that can be moved along the lengthwise

10 direction of the connection member 13a is provided on the
connection member 13a.

Moreover, an inspection device 22 which inspects the
container C handled by the quay crane 1 is provided on this
truck 21. That is to say, the position of the inspection

15 device 22 along the lengthwise direction of the connection
member 13a can be adjusted by moving the truck 21 and it
becomes possible to adjust the position of the inspection
device 22 with respect to the vertical component of the
transporting route W.

20 As shown in FIG. 2 (an enlargement of the area enclosed
by a circle in FIG. 1), the truck 21 has wheels 27 that are
turned by a drive unit not shown, and that are attached to a
frame 26 which is provided across the gap between the
connection members 13a. The truck 21 can move along the

25 connection members 13a by turning the wheels 27 with the drive



turned by a drive unit not shown, and that are attached to a frame 26 which
is provided across the gap between the connection nmenbers 13a. The truck 21
can nove al ong the 25 connection nmenbers 13a by turning the wheels 27 with
the drive I | unit. In the present enbodi nent, the frane 26 has a main frame
26a provided on top of the pair of conffction menbers 13a along the

| engt hwi se direction of each nenber, and a pair of 5 sub-franes 26b provi ded
across Hﬂg.e main frames 26a and distanced from each other, and the

cont ai ner and the spreader 15 can pass through the regi on encl osed by
these main franes 26a and suh-franmes 26h. Furtherppre an upper part frane
26¢, which prid} ects BisoiEt /¢ B pedtion lT c%g)f?s &h ) MHar t
frame 26d, which projects under the inspection device 22, are provided on
one of 2% mumbridethes 281 ofhdlishdpeiat ioh drevies o Hegnkeradi# i on source
31, which emts radiation such as 7 rays or X-rays, provided on one of 15
t he sub-dranmpsR6b erarithval etdictaart i3%h wihi cdraals nerdea wedhroh theerr sub- f r ame
26b, and which faces the radiation source 31. The area between the

radi at i (UG SL @nNhidie del ecd s St hd Se alhi MSPEGid O & eand\ of the
i nspection device 22. The inspection device 22 is one which irradiates 20

radi ati o Sramdder ragi atdin Saw ce 3l Ot S COM&A NeTal the

spreader 15 can pass through the region enclosed by these main
frames 26a and sub-frames 26b.
Furthermore an upper part frame 26c, which projects above
10 the inspection device 22, and a lower part frame 26d, which
projects under the inspection device 22, are provided on one
of the sub-frames 26b.
The inspection device 22 has a radiation source 31, which
emits radiation such as y rays or X-rays, provided on one of
15 the sub-frames 26b, and a detector 32 which is provided on
other sub-frame 26b, and which faces the radiation source 31.
The area between the radiation source 31 and the detector 32
is an inspection area A of the inspection device 22.
The inspection device 22 is one which irradiates
20 radiation from the radiation source 31 onto a container C
which enters the inspection area A between the sub-frames 26D,
and detects the radiation that has penetrated through the
container C by means of the detector 32, and based on
information for the intensity of the radiation detected by the

25 detector 32 and information for the detected position,



whi ch enters the inspection area A between the sub-frames 26b, and detects
the radiation that has penetrated through the container C by nmeans of the
detector 32, and based on information for the intensity of the radiation
detected by the 25 detector 32 and information for the detected position, 12
nondestructively inspects the entire inside of the container C. The

radi ati on source 31 and the detector 32 can be noved along the |engthw se

di recti on. ofc dfie, Gannecti.on parts 433 § keepina Lhe sams, position Jelative
to each other by noving the ruck : re, on e Crane 1 equipped with

the inspection device, if necessary a protective barrier for the radiation
shi el di is provided therearound. 10 For the radiation source 31, compn

radi ati on sources such as, those that use a radioactive isotope (Rh% such
as Co6o (cobdld BHiatgromarPornesy Yermerhtlilivh RBAELT SUsE! ¥ S Vebr t he
detector 32, a radiation detection device that is commonly used for
nondest ralctrioy & Henslpeuttitoni aesidhigre citsi qradi fattiren dennesgdi orl rpatiss pr¥Esent
enbodi ment, the detector 32 is provided on the sub-frame 26b on the side
wher & t hesappipey fiaanamd parict i drowes] f1iane 2ot atte @it ded manthdasha strip
shape detection area along the |engthw se direction of this sub-franme 26b.
truck 21.
Here, on the crane 1 equipped with the inspection device,
if necessary a protective barrier for the radiation shielding
is provided therearound.
10 For the radiation source 31, common radiation sources
such as, those that use a radiocactive isotope (RI) such as Cogp
(cobalt 60), or an X-ray generation device is used.
Also, for the detector 32, a radiation detection device
that is commonly used for nondestructive inspection using
15 radiation is used.
In the present embodiment, the detector 32 is provided on
the sub-frame 26b on the side where the upper frame 26c and
lower frame 26d are provided, and has a strip shape detection
area along the lengthwise direction of this sub-frame 26b.
20 In the present embodiment, radiation sources that use Cogp
are used for the radiation sources 31.
Moreover, a detector array comprising a multiple array of
radiation detectors is used for the detector 32. The

radiation detector is constructed for example, from a pair of

25 a scintillator and a photomultiplier, wherein the scintillator



20 In the present enbodi ment, radiation sources that Use CO60 are used for
the radiation sources 31. Moreover, a detector array conprising a multiple
array of radiation detectors is used for the detector 32. The radiation
~detector is constructed for exanple, froma pair of 25 a scintillator and a
photonul tiplier, wherein the scintilla£ r 13 converts the incident
radiation into visible light, and the ghotonultiplier detects and converts
the light generated by the scintillator, into an.electrical si | . The area
wher e t%oerg"rea 'Satﬁﬁb% eSS sraacileatdliOspbojsnetdD i‘{slﬁlhbglede le%}ﬁ’ona%(?gtg}e 5 and the
detector array finds the incident(gosition of the . radiation within the

det ect i MY Hadodt on WHiSH § It AT T et ddtort R ol RRT I bR %i ned

from and obtains the intensity of the incident radiation based on the
magni t udeé o fsqhet bukghar gftq RN raldicliy ore det ek .  Themeresy etherien t he
upper frame 26c¢c, an upside position detector 36a is provided in a position
above t hehe nspeictt iom deve ce 22 . arkhed st el piosithonddetecior B6=a det ect s
the relative positions in the lengthwi se direction of the connection
menber 13ad fe tder oty Al eFaC Bikhd hend nispecddron pdSi e cef 22he Similarly,
an undersi de position detector 36b is provided on the lower frame 26d in a

ggzi Ej'eggrca@' { e&rh%mﬁlﬁ}?céﬂé)raetd@éféf& 28r e ol NN6a 4HIES,S 1T ks BOSELA LAY g ect or
detector an output is obtained from, and obtains the intensity
of the incident radiation based on the magnitude of the ocutput
of the radiation detector.

10 Moreover, in the upper frame 26c, an upside position
detector 36a is provided in a position above the inspection
device 22. The upside position detector 36a detects the
relative positions in the lengthwise direction of the
connection member 13a, of the container C and the inspection

15 device 22.

Similarly, an underside position detector 36b is provided
on the lower frame 26d in a position below the inspection
device 22. The underside position detector 36b detects the
relative positions in the lengthwise direction of the

20 connection member 13a, of the container C and the inspection
device 22.

Also, there is provided on the quay crane 1 a control
device 37 that controls the operation of the truck 21 based

on; the position information of the container C from the

25 upside position detector 36a and underside position detector



relative positions in the I engthw se direction of the 20 connecti on nenber
13a, of the container C and the inspection device 22. Also, there is

provi ded on the quay crane 1 a control device 37 that controls the
operation of the truck 21 based on; the position information of the
container C fromthe 25 upside p05|t|oF ydetector 36a and underside position
detector 14 36b, the control signal the trolley 16, and the control

Sianal ofeghediol sing deyige Toc sopd halothe, [ nepests o, deieeo 22 and

cont ai ner C have a pOSi |on ation pro |nspect|on 5
Nondestructi ve |ﬂs ect.i on of th cont ses t he g crane

const r uct 644 n ¢ YO T s e %Y%%aiﬂer%%rm? I vﬁthnﬁl?%%fsjp% tation of

the container C durln the process of transporting the contajner C al ong
the trarSPores my %r&ﬂ;t%orwaareelsp(é&m%aa|gp8b@l%hsﬁ¢#@t%wmu tion of the
truck 21 and transporting the container C and passing it through the
i nspect i appraorEal A befeeensprectubir anes 26b on the transporting route W
each part of the container C fromthe front side in the transportation
direétion to Ndredeearust tee | insdéct hen tsANSpOrd@tit dmet recthon wses
sequential |y exposed between the radiation sources 31 and the detector 32.
The i nspegd | Qiadeyt £6= 22 iSnopeited 1M synehiopn zad i ®drformed in
parallel with transportation of the container C, during the
process of transporting the container C along the transporting
route W.
10 Specifically, by adjusting the position of the truck 21
and transporting the container C and passing it through the
inspection area A between the subframes 26b on the
transporting route W, each part of the container C from the
front side in the transportation direction to the rear side in
15 the transportation direction is sequentially exposed between
the radiation socurces 31 and the detector 32.
The inspection device 22 is operated in synchronization
with the operation of the quay crane 1, and nondestructive
inspection of the inside of the container C is performed from
20 the bottom to the top of the container C, by the inspection
device 22.
While the inspection by the inspection device 22 is being
performed, the skew and sway of the container C are

suppressed, and it is transported in a state in which its

25 attitude with respect to the inspection device 22 is constant.



with the operation of the quay crane 1, and nondestructive inspection of
the inside of the container Cis performed from 20 the bottomto the top of
the container C, by the inspection device 22. Wile the inspection by the
"inspection device 22 is being perforned, the skew and sway of the container
C are suppressed, and it is transportgg in a state in which its 25 attitude
wWith respect to the inspection device is constant. 15 Here, the position

of the troll 6 m 14 i J e iti i g above

t he chassis %Y?#dt O&%ér gﬁ%%ﬁ?ﬁﬁt%%%ﬁt%%ﬁfe%ﬁé)rh%rgqis%é tkg(;(glcgfz;yf,4 tﬁée position
to which,the container Cis. eleyvated by .the spreader 15 provided 5 on the
troll ey A% Lﬁ%%é)pn% i%F B HE eﬂ&%la%%\fet € tHes Jr%g\ép%}}?? ng route W
is not always constant. Then in this gquay crane 1, the positiaon of the

i nspect | OPIRAA 2 B | CRlf Rt d corlFedpdiiditivg Sty 1t A EaHitdP ot a he

contai ner C, and when the positional relationship of the 10 inspection

devi ce 22 kdid thee eontainrr € becohes bpprioprike espfordépshedefonided

i nspection is perforned. Hereunder, the flow of positioning the inspection
devi ée @P twhd hctdiel alo clane posst spechf i dad | yedtescal bealrt Fof sthof al |,
the flow of positioning in the case where 15 the container C passes the

i nspect i o s A foWwwar &l f whed ndoagh gy d resmdheneont ai ner vessel S to the

chassis V) is
Then in this quay crane 1, the position of the inspection
device 22 is adjusted corresponding to the position of the
container C, and when the positional relationship of the
10 inspection device 22 and the container C becomes appropriate
for inspection, inspection is performed.
Hereunder, the flow of positioning the inspection device
22 with the quay crane 1 is specifically described.
First of all, the flow of positioning in the case where
15 the container C passes the inspection area A downward (when
loading from the container vessel S to the chassis V) 1is
described.
In the process in which the trolley 16 positions the
container C right above the chassis V, the control device 37
20 approximately detects the position of the container C in the
direction along the boom 14, based on the control signal of
the trolley 16, and controls the position of the truck 21
based on this position information, and sets the inspection

device 22 and the container C in a positional relationship

25 appropriate for inspection.



described. In the process in which the trolley 16 positions the container C
ri ght above the chassis V, the control device 37 20 approximtely detects
the position of the container Cin the direction along the boom 14, based on
‘the control signal of the trolley 16, and controls the position of the
truck 21 based on this position inforpation, and sets the inspection

device 22 and the container Cin a positional relationship 25 appropriate

for inspecti o, tihg}e ;%{‘o%te%es po(r)t:)ﬁjteo Vﬁ'lée)lr’]n4 awer &gjgﬁenec%rgr ggii}ﬁgest% with the

[
hoi sting device ep he cont ai ner T he position
opposi ng the upper side sitiaon detection device 36a (at the point before
Lhe cont™si ar 8 FEARHES e % I Tepett i idh 1o 918 UpPh it oSt ¢i on
detection device  36a detects the distance in the | engthw se directjion of
the bodAePIEIEEh WROUPPRITRG dPRRISI 11 Hh RRIEHIbAYRA COBHEVEFR t he
container C. The control device 37 carries out a final positioning 10
adj ust neita ofatt Hehd nspiatt it devitde 2oasete 0T theaseasurted  val ue of this
upper side position detection device 36a. Specificaiiy, the control device
37 obtaiinsspediisiranoe-D A)at Ehewpgent Padatpaodi ¢ hen | @ngidwi se ¢kbvieed | on of
the boom 14 between the detector 32 and the container C based on the 15
measur ez gl die: At 4 hehdRpeSt Side ROsidd onelptieetd oM devd€8n of the
boom 14 between the upper side position detection device 36a
and the container C.
The control device 37 carries out a final positioning
10 adjustment of the inspection device 22 based on the measured
value of this upper side position detection device 36a.
Specifically, the control device 37 obtains a distance D
at a current point in the lengthwise direction of the boom 14
between the detector 32 and the container C based on the
15 measured value of the upper side position detection device
36a, and if the distance D is not a distance Dy appropriate
for inspection, operates the truck 21 and moves the inspection
device 22 in the lengthwise direction of the boom 14 in order
to make this distance D the appropriate distance Dg.
20 In the case where the container C passes the inspection
area A upward (when loading from the chassis V to the
container vessel S), first of all, as with the case where the
container C passes the inspection area A downward, based on

the control signal of the trolley 16 the truck 21 is

25 controlled by the control device 37 to adjust the position of



36a, and if the distance Dis not a distance Do appropriate for inspection,
operates the truck 21 and noves the inspection device 22 in the |engthw se
direction of the boom 14 in order to nake this distance D the appropriate
"distance Dj. 20 In the case where the contai ner C passes the inspection
area A upward (when loading fromthe chassis Vto the container vessel S),
first of all, as with the case where the container C passes the inspection

area A sed on . th ontrol signal of the trolley 16 the truck 21
N B8 M 525

is 25 contro e con evice 37 to adjust the position of the

i nspection device 22. In the process of_.raisSi the container Cwth the
hoi sti ng devﬁ%%'éhg Qﬁoﬁqﬁfg?'rﬁa%ﬂﬁﬂgtqﬂftﬁﬁﬁg%%ﬂﬁr ﬁ&@ghé%hethe posi tion
opposite the | ower sjide position detection device 5 36b (at the point

bef or e el ortRi FEFL X ridactds e Baidection HieL®mtaime ot ditke

position detection device 36b detects the distance in the |engthw se

di rect i drheofpashie i oompes et iden tdveed owwete giatel ol tdotreadeti@ctdoni aevi ce
36b and the container C. 10 The control device 37 obtains a distance D at a
currént 34wi (it itthd e lrengidiv se wia egdn o rofr therdoomed 4 et ween t he
detector 32 and the container C based on the neasured value of the |ower

si de posjtdn-tdesecdian deviae 3eheangh dd gdei ¢ i st@ee-D d$ Ok & di stance
Do appropriate for inspection, 15 operates the truck 21 and noves the

i nspect i g4}, deW & 22 Hd gistance in the lengthwise direction of the

boom 14 between the lower side position detection device 36b
and the container C.

10 The control device 37 obtains a distance D at a current
point in the lengthwise direction of the boom 14 between the
detector 32 and the container C based on the measured value of
the lower side position detection device 36b, and if the
distance D is not a distance Dy appropriate for inspection,

15 operates the truck 21 and moves the inspection device 22 in
the lengthwise direction of the boom 14 in order to make this
distance D the appropriate distance Dyp.

Thus, in this quay crane 1, the position of the
inspection device 22 with respect to the transporting route W

20 is adjusted by the truck 21 and the control device 37 based on
the detection results of the upper side position detection
device 36a or the lower side position detection device 36b,
and the inspection device 22 and the container C are
positioned at a positional relationship appropriate for

25 inspection.



the I engthwi se direction of the boom14 in order to nmake this distance D
the appropriate distance Do. Thus, in this quay crane 1, the position of the
i nspection device 22 with respect to the transporting route W 20 is

-adj usted by the truck 21 and the control device 37 based on the detection
results of the upper side position detggtion device 36a or the | ower side
position detection device 36b, and the inspection device 22 and the

cont ai ner C are sitioned at a positional_ relationship appropriate for 25
i nspection. I (e“':'lgﬁée)cfreﬁt GHE HECTGI Ty TH- T R Uay & gﬁ(e t%‘e tﬁés Tspedti on
device 22 always inspects the container C under a constant condition, and
excel | erfteV et DT FESHIP AT My HE 1M & e’ TPt si nce t he

i nspection condition is maintained constantly in this way (for exanple, the
si ze andcanwdiimn, eyl eexsfe i rntobireg et i X algh ccdheevdee dve const ant ),
i nspection results of different containers C can be conpared easily, and

aut omat iast aimesem - aut omati on of i nspection result 10 eval uation can be
easily achieved. Furthernore, in this nmanner, the quay crane 1 enabl es

nondgstructi weidispect iomed dhe Goadthedn Codl Peoperd andmek a thked ng car go
handl i ng. Therefore inspection of the container C can be performed w thout

decrea5i55h§{556¥¥§%htﬂﬁﬁgﬂ%%§i(¥%r example, the size and imaging

angle of the obtained radiographic image become constant),

inspection results of different containers C can be compared

easily, and automation or semi-automation of inspection result
10 evaluation can be easily achieved.

Furthermore, in this manner, the quay crane 1 enables
nondestructive inspection of the container C can be performed
during cargo handling. Therefore inspection of the container
C can be performed without decreasing the cargo transporting

15 efficiency. Moreover, a suspicious container C can be
identified at an early stage by performing inspection of the
container C at the first stage on receipt at the container
terminal T. Alternatively, the contents of the container C at
shipping can be guaranteed by performing inspection of the

20 container C at the final stage of shipping from the container
terminal T.

Furthermore, with the quay crane 1, the inspection area A
of the inspection device 22 is set on the transporting route W
of the container C by the quay crane 1. Therefore, the space

25 used for the inspection at the container terminal T can be



15 efficiency. Moreover, a suspicious container C can be identified at an
early stage by perform ng inspection of the container C at the first stage
on receipt at the container termnal T. Aternatively, the contents of the
"container C at shipping can be guaranteed by perform ng i nspection of the
20 container C at the final stage of shiypping fromthe container term na
T. Furthernore, wth the quay crane 1, the inspection area A of the
inspectign device 22 is set on the transporting route W of the container C
by the quay crane 1. Therefore, the space 23 used for the inspection at the

cont ai ner tegﬁgnal g'can.qg 9 decreasqg.e %br over w th the q%ﬁ¥ 9%?”6 1,
the inspecti gn deW ey 25k QVIEBH A% posi ton HTRT AR 7 OhTE h
ground.  Therefore it is difficult for people to accidentally come 5 close
to the VICiRFIYL 9 tHe 3 Rpettion Hevtaced. franthesufeunéntry of people to
the vicinity of the inspection device 22 can be nanaged easily, thus
facilitatheesafetit mandgehertloffeherersbectd orcdedecea Ry dbmeover, by
provi ding the inspection device 22 distanced 10 fromthe ground, the space
bel oW t helosspectilon devicet 220 Atthd hengenttad merdéerae na? . T2Zcam be utilized.
Here, in the above enbodi ment, an exanple has been described in which by
di sposi ngediec | nSPEE | 9N PlehLe 22 e vicinity of the inspection
device 22 can be managed easily, thus facilitating safety
management of the inspection device 22.
Moreover, by providing the inspection device 22 distanced
10 from the ground, the space below the inspection device 22 at
the container terminal T can be utilized.
Here, in the above embodiment, an example has been
described in which by disposing the inspection device 22 on
the truck 21 which can move on the connection member 13a, and
15 moving the truck 21 in a substantially horizontal direction,
the position of the inspection device 22 with respect to the
transported container C in the vertical part of the
transporting route W is adjusted. However, the installation
position and direction of movement of the inspection device 22
20 are not limited to this, and other arrangements may be
employed.
For example, the construction may be such that the
position of the inspection device 22 with respect to the

container C transported on the horizontal part of the

25 transporting route W is adjusted, by installing the inspection



the truck 21 which can nove on the connection nenber 13a, and 15 noving the
truck 21 in a substantially horizontal direction, the position of the

i nspection device 22 with respect to the transported container Cin the
vertical part of the transporting route Wis adjusted. However, the
installation position and direction of,novenent of the inspection device 22
20 are not limted to this, and other arrangenents may be enployed. For

exanpl e, ;the construction my, be such that the position of.the inspection
dovi be FEUGR Taspodt to T shr G bertet ram bt e e R T ol
part of the 25 traqigortugﬁ route i s, adj ust ed, installing the

S PPN H

b

i nspect i IPRAFT devi et O S Hedi T t%%‘%le@dhg rd S e HnP T O%er with
respect to the boom 14, and raising and |owering the elevator device.
Furt her i€, n the above enbodi ment, an exanple of the 5 present invention
applied to the purpose of nondestructively inspecting inside a container
has been deschuibBteridoweyvern thdebomentnmrdimemot dn etadkle ¢ohitshe and may
be enployed to the purpose of, for exanple, appearance inspection or
readibng prédeds. invertticn caselied toRghapeeydce ¢+5 eoployethdtnstend 10 of
the inspection device 22. Mreover, in the above embodi ment, the exanple of
the preseffedtmenti o &PR | &5h{01 fe AURYs aNe Nasc PASIY deshidird:,

the invention is not limited to this, and may be employed to

the purpose of, for example, appearance inspection or reading

labels. In this case, an imaging device is employed instead

10 of the inspection device 22.
Moreover, in the above embodiment, the example of the
present invention applied to a quay crane has been described.
However, the invention is not limited to this, and it may be

applied to another crane which is used in the container

15 terminal T such as a yard crane.

Second embodiment
Hereunder, a second embodiment according to the present
invention is described, with reference to FIG. 3.

20 The quay crane described in the present embodiment is
characterized mainly in that an inspection device 52 is
provided for the gquay crane 1 described in the first
embodiment instead of the inspection device 22. The same
components as those of the quay crane 1 described in the first

25 embodiment are denoted with the same reference symbols, and



However, the invention is not limted to this, and it may be applied to
anot her crane which is used in the container 15 termnal T such as a yard
crane. Second enbodi ment Hereunder, a second enbodi nent according to the
present invention is described, with reference to FIG 3. 20 The quay crane
described in the present enbodinent is,,characterized mainly in that an

i nspection device 52 is prOV|ded for t%e quay crane 1 described in the

first e t i The sane conponents
as those %)df rEg%aulalg/gécrcgegsecogll descrl bedeC 5r9{]%1gee(¥|k?§]tg\g5 enbodi nent are
denoted with the sanme reference s their detail ed descriptions

are onmtted Bef oW " t% t]f{lﬁ%eecansrbe%‘f%%e S&/’i D IR T H et VbR devi ce

52 is constructed such that radiation sources 31 and a _detector 32 are
di sposed®ont i et S Efee DS HT i Hipecti O akda PR Ceht ol vitiie a cont ai ner C,
bei ng an inspection object, enters, and a plurality of radiation sources 31
di sposedi¢trecthf f &t ente pmmm @I@s@e@uémedwdd% refdkat enspelfatdéonsred t he
sanme detector. In the present enbodi nent, a radiation source 3la and a 10
radi &t i an, st e estBildh aa ecomisd abd ©dC proeieg odn sitbspe@iresn 2@bjedhat constitute
th_e truck 21, and the radiation source 3la is installed on one end side of
this onessitkdrS r gy 2601 @K 1@ of radiation sources 31 disposed in
different positions respectively irradiate radiations to the
same detector.
In the present embodiment, a radiation source 3la and a
10 radiation source 31b are installed on one of sub frames 26b
that constitute the truck 21, and the radiation source 3la is
installed on one end side of this one sub frame 26b, and the
radiation source 31b is installed on another end side of this
one sub frame 26b. Moreover, one detector 32 is installed on
15 the other sub frame 26b (not shown in FIG. 3) so that its
detection area faces the one sub frame 26b.
Hereunder, for this inspection device 52, the array
direction of the radiation sources 3la and 31b is the
widthwise direction (the lengthwise direction of the sub frame
20 26), and the direction along the connection member 13a (not
shown in FIG. 3) (the direction from one sub frame 26b towards
the other sub frame 26b) is the depthwise direction.
Regarding the radiation sources 3la and 31b, as shown by

the two-dot chain lines in FIG. 3, the construction is such

25 that the radiation is respectively irradiated towards the



radi ation source 31b is installed on another end side of this one sub frane
26b. Moreover, one detector 32 is installed on 15 the other sub frame 26b
(not shown in FIG 3) so that its detection area faces the one sub frane
*26b. Hereunder, for this inspection device 52, the array direction of the
radi ati on sources 3l1la and 31b is the y%dthmﬁse direction (the | engthw se
direction of the sub franme 20 26), and The direction along the connection

menber 1, . shown in FIG (t.he directio ne su r 6b

t owar ds]ﬁ} egcg{ er Sub’ fzglasrf)e 82S6§%O i ]ﬁaeé dlgnpt%]r\l/vir!asgégrgé%& t]’(%)n%.)ar{?egarpl ng the
radi ati on sources 3la d 31b,., as sho b t two-dot chain . lines in FIG
2 e et TS R A e e e ot Hromdion Lo Sadet bl pLs

irradi ated towards the 22 inspection area A so as to spread in an

appr oxi PP TEN TharV1eh ¥ sudst I TYChio? Zoht U Clpl Fet teseis to say,
in this inspection device 52, the construction is such that these

radi at i orediorices Slareewl 3Blbh aredpelt i nedpedtriedl atertdeisdte adiati on to the
sanme detector 32 fromdifferent positions. Moreover, the irradiation range
of the raghiait ooh frOMmidesene rddi attion Soufoes BilafanshSliod st s@isto cover
the entire inspection area A including the aforenentioned depthw se

directi girdhsef onge fheadidadatigyareasid rahation fromddefach of the
radi ati on sources 3la and 31b overlap. The radiation sources 3la and 31lb are
reSpeCtiygéﬁbtion sources 3la and 31b is set to cover the entire
inspection area A including the aforementioned depthwise
direction. Therefore, the irradiation areas of radiation from
10 each of the radiation socurces 3la and 31b overlap.
The radiation sources 3la and 31b are respectively
disposed at positions outside in the widthwise direction, from
the front position of the edge part of the inspection area A,
and the radiographic image of the container C is projected to
15 the detector 32, onto an area which is smaller in the
widthwise direction than the inspection area A.
The detector 32 is a detector array having a plurality of
radiation detectors arrayed in the widthwise direction, and
its detection area has a strip shape along the widthwise
20 direction. Moreover, the length of the detector 32 in the
widthwise direction is set to be shorter than the length of
the inspection area A in the widthwise direction.
Furthermore, this inspection device 52 is provided with a

modulation device 56 which assign different modulations to

25 each radiation emitted from each of the radiation sources 3la



di sposed at positions outside in the widthwi se direction, from the front
position of the edge part of the inspection area A, and the radi ographic

i mge of the container Cis projected to 15 the detector 32, onto an area
*which is smaller in the widthw se direction than the inspection area A The
detector 32 is a detector array havingzg plurality of radiation detectors
arrayed in the widthwi se direction, and” its detection area has a strip

shape al g e w dt hw se, 20 directian. Mureover, the length of the detector
32 int haeIpogvé 1&3 hwid rls&e i rleocl: n&olnfllcsact'tslecfn tdoe\f)leces h%{r ttehrﬂt hcgln negtlllesn%?% of the
i nspectiqn area Ain the widthw se direction.. Furtherpore, this inspection
devi ce G YFBATHR FTH e td{”tj’tei orf i 5 TR &8I Y di f ferent
nodul ations to 25 each radiation emtted fromeach of the radiation sources

3la 23 HRPTY;, Ihd kassdant itheaitontdes cersdetrREt e std ng@idhes the
nodul ati on assigned to the radiation incident on the detector 32, based on
t he out piderdfi fiies détistt ornBQZ £ antk ratbit foressaviads ohke tfid he radi ation
sources 31 this 5 radi ation has been emtted from The nodul ati on device 56

has; sa nmdid &t icmn rdeyvimeb6ani i hr assi gns a nodul ation to the radiation
emtted fromthe radiation source 31la, and a nodul ati on devi ce 56b whi ch

gizi gns a modi At 0 fdie dadi &t 1on et ted dqemthe, 1 yadi atgon source
| which assigns a modulation to the radiation emitted from the
radiation source 3la, and a modulation device 56b which
assigns a modulation to the radiation emitted from the
10 radiation source 3lb.

In the present embodiment, choppers are used as these
modulation devices 56a and 56b. The choppers modulate the
radiation emitted from the radiation sources 31, on the near
side of the inspection area A, to convert the radiation which

15 reaches the detector into a pulsed radiation of a frequency
specific for the radiation source.

The modulation device 56a is constructed to convert the
radiation emitted from the radiation source 3la into a pulsed
radiation of a frequency fl, and the modulation device 56b is

20 constructed to convert the radiation emitted from the

radiation source 31b into a pulsed radiation of a frequency £f2
(where f2 # f1).

The identification device 57 is provided with: a lock-in
amplifier 57a which takes out from the output of the detector

25 32, a component which is repeated at the frequency fl1 specific



In the present enbodi ment, choppers are used as these nodul ation devices
56a .and 56b. The choppers nodul ate the radiation emtted fromthe radiation
sources 31, on the near side of the inspection area A, to convert the

“radi ati on which 15 reaches the detector into a pulsed radiation of a
frequency specific for the radiation sgurce. The nodul ation device 56a is
constructed to convert the radiation emtted fromthe radiation source 3la

into a pul sed radiaion of a.drequency, {ly_apd.Lhe, mpdul at op, deyi ce 56b is

20 construc 0 convert radiation emt romThe tadi at1 on source

31b int | sed radiatjon of a f f2 f2 # f1). Th
dont |11 Eae i oyt e 875 ©Bresh b ST e Bt Thr AnprTFPAOSTa whi ch

takes out fromthe output of the detector 25 32, a conponent which is

r epeat ed"tCh hes freRREMRY 31 Ypectreeuoucy tbl tieFht attontRdurce 31a; a

| ock-in anplifier 57b which takes out fromthe output of the detector 32, a
conponemtadixht tdn i sovepeal Bah aand he ¢omouehty d¢vspechfe¢cwhiochhe radiation
source 31b; and a computing device 37c which 5 respectively fornms a

r adi 6gr apdd e d tbgel ¢r eated byrddicogrash Bt | Oma g ¢tedtéd ooy ttiee r adi at i on
source 3la, and a radiographic inmage created by the radiation emtted from
the radiadiHon SOUEE D, £ PasethONrdes €oaPonent se Wi £ fhese | ock-in

anplifiers 57a and 57b have taken out.
radiographic image created by the radiation emitted from the
radiation source 31lb, based on the components which these
lock-in amplifiers 57a and 57b have taken out.

10 Nondestructive inspection of the container C that uses
the quay crane constructed in this way, is performed in the
same way as the inspection of the container C that uses the
quay crane 1 shown in the first embodiment, in parallel with
transportation of the container C, during the process of

15 transporting the container C along the transporting route of
the quay crane.

Specifically, by transporting the container C and passing
it through the inspection area A on the transporting route,
each part of the container C from the front side in the

20 transportation direction to the rear side in the
transportation direction is sequentially exposed between the
radiation sources 31 and the detector 32. The inspection
device 52 is operated in synchronization with the operation of

the quay crane, and nondestructive inspection of the inside of

25 the container C is performed from the bottom to the top of the



10 Nondestructive inspection of the container C that uses the quay crane
constructed in this way, is perforned in the sanme way as the inspection of
the container C that uses the quay crane 1 shown in the first enbodi nent,
‘in parallel with transportation of the container C, during the process of
15 transporting the container C al ong %Qe transporting route of the quay
crane. Specifically, by transporting the container C and passing it through
t he inspeocr'gic,joinn ar ea A]\Oonctheitrancstpioorr'gi& route, each part of the container
C from the t_Tronet sﬂde%nq € r?ﬁbm?ranspor Ao direction to the rear side in

the transportation direction is sequentially exposed between the radiation
sources 31 a ]‘t%%’f’e&%‘?%‘c’zt.r%tel %sﬁéﬁ?%worge?fcae ENTEperQt¥Y i n

synchroni zation with the operation of the quay crane, and nondestructive

i nspect i G INIBREY 11 dEeBICR 1 REDIHINero Ehe per e PedieMe bott om
to the top of the 25 container C, by the inspection device 52. Hereunder,
nondest ruetdescy iypecin otetofila. container C by the inspection device 52
according to the present enbodinment is described in detail. 5 1In this

i Nnspécti on dewi cehB2,infask@Eti@n deviespert | vedyatisn atld atecbdyt 1 el y adi ati on
sources 3la and 31b fromdifferent positions towards the same detector 32

through {he, eoMa N tHe +duLINERIN WU PSced NE1 L especiiyer Fafli & £ OdSent
transmtted
positions towards the same detector 32 through the container
C. In other words, the respective radiations transmitted
through the container C from different directions enter the
10 one detector 32.

These radiations are respectively assigned different
modulations for each radiation source by the modulation
devices 56a and 56b.

The output of the detectcr 32 when these modulated

15 radiations enter the detector 32 reflects the modulations
assigned to the incident radiations.

In this inspection device 52, the modulation assigned to
the radiation that enters the detector 32 is identified by the
identification device 57 based on the output of the detector

20 32, and which radiation source the radiation, which has
entered the detector 32, is emitted from is identified based
on the modulation information.

More specifically, the lock-in amplifier 57a extracts

from the output of the detector 32, the signal repeated at

25 frequency f1l, and based on this extracted signal, the



t hrough the container C fromdifferent directions enter the 10 one detector

32. .These radiations are respectively assigned different nodul ations for

each radi ati on source by the nodul ati on devices 56a and 56b. The out put of
"the detector 32 when these nodul ated 15 radiations enter the detector 32

reflects the nodul ations assigned to the incident radiations. In this

i nspection device 52, the nodul ation assigned to the radiation that enters

t he detect 32 is,identified-by the jdentifi,cati devi ce 57 based on the
out put of” uetlﬁqe(# e% %lré]ezoﬁfz,foalynmdg \%ni%gh lré;%ﬁlaa%loén l(s)f?)ah eceéljichtehef adi ati on,

which has entered the detector 32, is emtted fromis identified based on
the. moddi oS DT i OrHeRd i or'e i petd 11 CHIT yo™ 1 HeEd oLk il | i or 57a

extracts fromthe output of the detector 32, the signal repeated at 25
frequenci2d1at kR PASEE ohla his extracted signal, the 26 conputing device
57c forms a radi ographic inmage of the container C created by the radiation
emtted fromlhethe aghrat ivory sodureel Gdla: in manthel Stere WAy, exteatiosktha
anplifier 57b extracts the 5 signal repeated at frequency f2, and based on
t hi ssextsiapied repgnedd dthef conpidngr Fevice Syced osmstlai § astk oga@pdd ¢ i nage
of the container C created by the radiation emtted fromthe
signal, the computing device 57c forms a radiographic image of
the container C created by the radiation emitted from the
radiation source 31lb.
Thus, in this inspection device 52, one detector 32 can
10 separately identify for each radiation source, radiation
irradiated from each of the radiation sources 3la and 31lb,
whose irradiation positions are overlapping.
As a result, in this inspection device 52, while
providing two radiation sources 31 and setting the inspection
15 area A large, only one detector 32 needs to be installed, and
the number of installed expensive detectors 32 can be
minimized compared to a conventional nondestructive inspection
device.
Furthermore, the radiation sources 3la and 31lb are
20 respectively disposed at positions outside in the widthwise
direction, from the front position of the edge part of the
inspection area A, and the radiographic image of the container
C is projected to the detector 32, onto an area which is

smaller in the widthwise direction than the inspection area A.

25 Therefore, the entire length of the detector 32 can be



radi ati on source 31b. Thus, in this inspection device 52, one detector 32
can, 10 separately identify for each radiation source, radiation irradiated
from each of the radiation sources 3la and 31b, whose irradiation positions
"are overlapping. As a result, in this inspection device 52, while providing
two radiation sources 31 and setting the inspection 15 area A large, only
one detector 32 needs to be installed, and the nunber of installed

expensi ye detaelars 32, 6an e d‘id’ér{“ﬁ?ﬁﬁe‘)@@r{tﬁﬁi & & cofyent) onal

nondestructive 1 nspection evi ce. ernore, the radiation sources 3la
and 31b;§§§!@' reﬁggctiwﬁiy(gis osed at positions outside in the w dthw se
di rectior. fro tHe F 5 h%§$?'bn of the edge part of the 1inspection area
A, and the radi ographic image of the container. Cis projected to the
detector 32, ‘ohtY arl driels® Wi ieh 5% U |25k t9e SR diPect4on t han
the inspection area A. 25 Therefore, the entire length of the detector 32
can be ZefgmeRtishoraferthhatetidrtan dih dfe tihe dont@mere htankeedreesfacility
cost nade lower. Also, in this way, by using a smaller sized detector 32,
def obmatsmoil Iof ddettdet edtord832 cuieort caddisraawn aeitghd deoonesr B smal |, so
that the detection accuracy of the detector 32 becones high, and a clearer
radi ogr gfdu dind SMBgRyICAMLME a clearer radiographic image can be
obtained. Therefore, inspection at a higher degree of
accuracy becomes possible.
Furthermore, the inspection device 52 itself becomes
10 smaller than the conventional one, so that more options of
crane installation location become available and various
operations become possible.
Moreover, in the inspection device 52, since the
radiation is irradiated from two different directions to the
15 inspection region A, radiographic images of the container C
from two different directions are obtained. That is to say,
in this inspection device 52, while having one detector 32
installed, information for the depthwise direction of the
container C can also be obtained, by inspecting the container
20 C from two different directions.
As a result, with the inspection device 52, while keeping
down the installation cost, it becomes possible to discover
abnormalities which would have been missed in inspection from

one direction, so that inspection at a higher degree of

25 accuracy can be performed.



obtai ned. Therefore, inspection at a higher degree of accuracy becones
possi ble. Furthernore, the inspection device 52 itself beconmes 10 smaller
than the conventional one, so that nore options of crane installation

"l ocati on becone avail abl e and various operations becone possible. Moreover,
in the inspection device 52, since the,g radiation is irradiated fromtwo
different directions to the 15 inspecglon region A, radiographic inmages of

t he contai ner C.froig%ett%)e d%égre%ﬁ%}%%ld#ﬁee&tsig&snéé% %C(%%%’lé}gg; J}b@t is to say,

. . . Hexe
inthis |nspe6?|oh vice avi ng  one installed,
information for t depthmﬁge q{nfﬁiion of the, qag{ i ner C can al so be
obt ai ned?C BT Me pectHhg VHE THRt ST etV P G 130 t ol ATt ¥ eFeht di recti ons. As
aresult, with the inspection devjce_52,.mhile.kegfin ~ down the
i nstal | B9 Eo3tthe t1hekdpRs Hudsible tw sebverie el #8¢ ex whi ch
woul d have been missed in inspection from one direction, so that inspection
at a hi ghert glegrteir bife 257 accurdete can bee perd drhedl 1@8 dHenerated tihe
af orenenti oned second enbodi nment, the detector 32 is constructed having a
sci n6i | latorsadncil 1 coowesis ddevenes demtinadi ai i @edcthit Dcal ssbdeal ) ght, and
a photonultiplier which detects the visible Iight generated by 5 the
scintilla{@raansbconmes tsadifat U0 A& ety ivale$i @Mt he output of the
photomultiplier. However, the invention is not limited to
this and another construction may be employed as the
construction of the detector 32. For example, for the
10 detector 32, instead of the scintillator, a semiconductor
detection element such as a Si (silicon) radiation detection
element or a CdTe (cadmium telluride) radiation detection
element can also be applied. Moreover, alsc for the method of
detecting the signal obtained by the detector 32, the
15 invention is not limited to the method that uses a lock-in
amplifier, and it may be constructed to detect the radiation

intensity by using for example a photon counter in a lock-in

mode.



and detects the radiation intensity based on the output of the
phot,orul ti plier. However, the invention is not limted to this and another
construction may be enployed as the construction of the detector 32. For
“exanple, for the 10 detector 32, instead of the scintillator, a

sem conductor detection el ement such a Si (silicon) radiation detection
el emrent or a CdTe (cadmumtelluride) radiation detection elenent can al so

be appli [ eover | so. for the method of detecting the signal obtained
by the Jﬁg%ctor é%éa? & 48 invention is not limted to the nethod that uses
a lock-in anmplifier, and it may be constructed to detect the radiation
intensity by using for exanple a photon counter in a lock-in node. 29 Wat
is clained is: 1. A crane equipped with an inspection device that |nspects
cargo, the criarf@EEMRISIIRED 53V hedh HowRe OF L @ai 1 Hep et ont oA ¢les
hol di ng part which holds said cargo; a holding part driving device mhlch
moves satardwl ditmy cyrare adrargi singansporting route; a position adj ustnment
devi ce which adjusts a position of 10 said inspection device with respect
to said transpardimgpodpul®;saai Pposn dpeant det etdwicahi ch detects the rel ative

positions
a holding part which holds said cargo;
a holding part driving device which moves said holding
part along a transporting route;
a position adjustment device which adjusts a position of
10 said inspection device with respect to said transporting
route;
a position detector which detects the relative positions
of saild inspection device and said cargo; and
a control device which controls operation of said
15 position adjustment device based on detection results of said

detector so that said inspection device and said cargo are

positioned appropriately for inspection.

2. A crane according to claim 1, wherein said crane is a

20 quay crane.

3. A crane according to either one of claim 1 and claim 2,
wherein said inspection device comprises:
a detector that detects radiation intensity;

25 a plurality of radiation sources on either side of an



of said inspection device and said cargo; and a control device which
controls operation of said 15 position adjustnent device based on detection
results of said detector so that said inspection device and said cargo are
*positioned appropriately for inspection. 2. A crane according to claim1,
wherein said crane is a 20 quay crane. 8’ A crane according to either one of
claim1l and claim 2, wherein said inspection device conprises: a detector

t hat detienct S rtaidoinati on iinr'ltteonsvg};tiyd'h 255 24 pluralit A of ratdﬁ atti on sources on

ei ther si'téof an 4 nspectton ares G o hich 4i'd cargo enters, that
respectively irradiate radiation to the sane said detector fromdifferent
pos!oti orf<ESBE Hodifi laf i ‘drF afeha e Rﬁrﬁ]rﬁflr%ﬁétﬁ%ﬁ/a%sﬁ% P9 er ent

modul ation to each of said radiations emtted from each of said radiation
sour ces;fzamw dinf fiskant fiasttiiomadfevi ce whi ch di stingui shes said nodul ation
assigned to the radiation that has entered said detector based on an out put
of said det ect orqdwret Mt clevli-aletrerall nessgaomwhicheofigad ca radi ati on
sources said radiation has been irradiated.

5 different modulation to each of said radiations emitted from
each of said radiation sources; and
an identification device which distinguishes said
modulation assigned to the radiation that has entered said
detector based on an output of said detector, and which
10 determines from which of said radiation sources said radiation

has been irradiated.



