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DESCRIPTION

LIFTING JACK, METHOD OF COUPLING SUSPENDING RODS AND
LIFT CONTROL METHOD

Technical Field

This invention relates to a lifting jack, a method of coupling suspending
rods and a lift control method, more particularly, to : a lifting jack having
means for continuously attaching and detaching the end rod in order to adjust
the length of the suspending rod which is elongated by the screwed coupling,
and means for continuously removing and depositing the rod in accordance
with attaching and detaching the rod, when the suspending rod, which is used
in a lifting operation for a boiler module of a large scale electric-power plant or
the like, is lifted up and down by the jack; a method of coupling suspending
rods; and a Lift control method for lifting up and down the boiler module or the

like while the lifting jacks are controlled in synchronism.

Background Art

'Figs. 4’7 show a conventional suspending rod, used for lifting up a
massive body, for example, when power-generation facilities are set up. A
suspending rod 10, elongated by screwing plural rods 10S to each other in the
axis direction, is suspended from a beam portion, located at high elevations, of
a steel structure to be used when a module of a boiler, associated with piping
installation on the ground, is moved upward step by step in response to the
associating stages on the ground and moved down as necessary. The rod 10S

as a component of the suspending rod 10, which has a configuration



wi th attachi ng and detaching the rod, when the suspending rod, which is

used inalifting operation for a boiler nodule of a |arge scale

el ectric-power plant or the like, is lifted up and down by the jack; a
met hod of coupling suspending 15 rods; and a |lift control nethod for
lifting up and down the boiler nodule or the i ke-while the lifting
jacks are controlled in synchroni sm 2 Background Art Fi gs.

47 show a conventional suspending rod, used for lifting up a 20 nassive
body, for example, when power-generation facilities are set up. A
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whi ch has a Egef 88 'cF'the Suspending rod 10 is made to have the length of about 5 m in
5 consideration of a storage space of rods, convenience or handling properties
for transferring them between workplaces, workability in the lifting operations
for the massive'body, and so on. In the use of the suspending rod 10, the
plural rods 10S are coupled by screwing each other in the axis direction, and
the massive body is lifted up by a jack while being suspended at the lower
10  portion of the suspending rod 10.

More specifically, as shown in Fig. 48, steel columns 22 are stood up
around a heavy steel structure 20. A temporary beam 24 is horizontally
mounted on the fop of the steel column 22 to project from the top of the steel
column 22. A center hole type jack 26 is placed on the temporary beam 24

15  and supports the suspending rod 10 attached with the heavy steel structure 20,
such as a module of a boiler, at the lower portion thereof. The suspending rod
10 is structured by coupling the rods 10S shown in Fig. 47 so that the length of
the suspending rod 10 corresponds to the height up to which the structure 20 is
lifted. As shown in Fig. 49, the center hole type jack 26 lifts up the structure

20 20 by pushing up the suspending rod 10 with using the supporting part 12
formed in the rod 10.

The lifting steps are as follows. As shown in Fig. 49(1), the
suspending rod 10, suspending the structure 20, is supported by an upper
25 chuck 34, and the load of the structure 20 is received by the upper chuck 34,

and a lower chuck 36 is released. In this state, a ram 32 is worked and pushes



2 continuously |inked with plural top-shaped supported portions 12
in the axis direction, has a nmale screw part 14 at the end thereof and
a femal e screw part 16 at the other end which engages with the male
screw portion of another rod. Each rod of the suspending rod 10 is
made to have the length of about 5 min 5 consideration of a storage
space of rods, conveni ence or handling properties for transferring

t hem bet ween wor kpl aces, workability in the lifting operations for the
massi ve body, and so on. In the use of the suspending rod 10, the

f'hd f" ”’E’Egl &g fedorfird I (§RESs Mk Slprahe L Bofrd £ R0 %,
speci é;.“’i;L P &%&Wﬁ*@?&“ﬁ@f@ﬂ %ﬂs%%rﬂ%%%lar (T, 1o Bhck 36 is
ﬁtr)lcj)g?edaone?ﬁmsﬁop o?n'sﬁ] Fﬁ%ﬁdﬁ 16 %)’egr ect ri(')&nq’% top (;ﬁ#bfy'hlg
st eel chi ddwif® sfoerlhar the! Ry JGéip%hhéE k386réo%nsésa<fﬁ@ Hﬂngqoa@n(méar y

beam 24 15 and supports the suspending rod 10 attached with heavy
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supports the suspending rod 10, the upper chuck 34 is opened to move further
down the ram 32. When the upper chuck 34 comes under the next supported
portion, located beneath the supported portion supported previously by the
upper chuck 34, the upper chuck 34 is closed again to support the suspending

10 rod 10, and the lower chuck 36 is opened, and the above steps are repeated.
When the coupling point of the rod 10 reaches above the center hole type jack
26, the lifting operations are intermitted in order to remove the top rod 10S.

Conceming the removing steps for the suspending rod 10, after the rod

10S to be removed is held firm by equipment, such as a crane, not to fail or
15 overturn, the top rod 10S, coupled and screwed, is rotated in a direction to

release the coupling manually with the use of a tool, such as a chain wrench,

and then the top rod 10S is removed from its connecting rod 10S. The

removed rod 10S is carried to a temporary storage place on the temporary

beam 24, on which the center hole type jack 26 is placed, by a device, such as
20 a crane, or alternatively, it is brought down on the ground for storing.

In the aforementioned method, the removed rod 10S should be moved
down to the rod storage place positioned lower than the attaching/detaching
position of the rods, or converéely, the rod 10S which is placed in the rod
storage place should be moved up ;to the coupling position, therefore the rod

25 10S is not effortlessly transferred. Moreover, conventionally, the rod is

transferred by hand, so that a large amount of manual efforts is required in




10 is structured by coupling the rods 10S shown in Fig. 47 so that the

| engt h, of

the structure 20 is

t he suspending rod 10 corresponds to the height up to which
lifted. As shown in Fig. 49, the center hole type
jack 26 lifts up the structure 20 20 by pushing up the suspending rod 10

wi th using the supporting part 12 forngd in the rod 10.

The lifting

suspendi ng rod 10, suspending the structure 20, is supported by an upper 25
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steps are as follows. As shown in Fig. 49(1), the

The aforementioned lifting operations, using the hydraulic-actuated
center hole type jack 26 and the suspending rod 10, are applied in a lifting
operations for a large massive body, so that the coupling force between the
rods 10 should be large and a large force is needed to rotate the suspending rod
10 in order to release the coupling. Additionally, the structure 20 must be
lifted up while being horizontally balanced, so that plural center hole type jacks
26 are used simultaneously, and an operator takes charge of each center hole
type jack 26, therefore workers are required in large numbers. Moreover, the
operations are carried out on the temporary beam 24 at high elevations, so that
there is a disadvantage of the safety of workers.

When the heavy steel structure 20 is lifted up and down by using plural
jacks 26, the jacks 26 should be synchronously driven to lift up and down and
the stroke displacement of the ram 32 of each jack 26 should be equalised so
that the heavy steel structure 20 is not inclined. A controlling method for
equalising strokes of plural jacks is proposed, in which a pressure regulating
valve is provided in the returning side of a hydraulic jack and the stroke is
equalised by adjusting the degree of opening of the valve (Japanese Patent
Laid-open No. Hei7-315774). In the adjustment of the degree of opening of
the pressure regulating valve, when any one of the jacks produces stroke, the
feed of oil is stopped and the pressure regulating valves of the other jacks are
adjusted in order so that each jack produces stroke.

In the controlling method for equalising strokes of the jacks as
described in the above Patent Bulletin, the degrees of opening the pressure-
adjusting valves of plural jacks are adjusted in order, so that when a number of

jacks are used, it takes time to adjust the degree of opening of the valves, and



up the suspending rod 10 for a rod (one of the supported portions 12) so as
to lift up the structure 20 through the suspending rod 10. The | ower
chuck 36 is cl osed when the suspending rod 10 is noved up for one rod,
and the ram32 is noved down so that the | ower chuck 36 receives the
lifting load (the 5 suspending |oad) through the supporting part 12. \Wen
the | ower chuck 36 supports the suspending rod 10, the upper chuck 34

i s opened to nove further down the ram 32. When the upper chuck 34
conmes under the next supported portion, |ocated beneath the supported
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Concerning the renoving steps for the suspending rod 10, aft the rod

10S to be rereeldting vadvek dier a%jbyteaqiai Stagesch i8sgraatty difficultofo Equdlive!
or 15 overturn, the top rod 10S, coupled and screwed, is rotated in a

di recti ongt o the strokksadedhe HacksuTherefors nthe! myssive bodyeisulaboribuslyt lifeéd upuch
as a chain wench, . and then the top rod 10S is renoved fromits

connect i ng r esdld®vniiheparalick sodthetia remdifsforce cants iondthecsuspendingy mdy and
storage place on the tenporary beam 24, on which the center hole type
jack 26 is plthewdlvesynustheadjustediagaims 20 a crane, or alternatively, it

I s brought down on_the ground for stori nﬁ. .
When the structure 20 is lifted, the plural center hole jacks 26 are

synchronized to be worked uniformly in order that the structure 20 is lifted up
10  not to incline, so that the removing operation for the suspending rod 10 should
be carried out invariably after the actions of all center hole type jacks 26 are
stopped. However, the number of cranes used for removing the rod 10S is
limited, so that the plural rods 10S are sequentially removed in order by plural
cranes, therefore the entire operating time period, including a time for lifting up
15 the structure 20 and a time for removing the rods 10S, is longer and the
working efficiencies are decreased. In addition, the safety of workers should
be further considered for reasons.of a drawn-out operation. In order to set the
removed rod 10S on the temporary beam 24 or the ground, equipment, such as
a crane, is required. The number of cranes or the like should be corresponded
20 to the number of center hole type jacks 26. Therefore, as the number of
equipment used is increased, the number of operators for the equipment is
increased, resulting in expanding work schedules and complications for

management.

25

Disclosure of the Invention




In the aforenentioned nethod, the renoved rod 10S shoul d be noved down
t'o the rod storage place positioned | ower than the attaching/detaching
position of the rods, or conversely, the rod 10S which is placed in the rod
storage place should be noved up to the coupling position, therefore the
rod 25 10Sis not effortlessly transferrgd. Mreover, conventionally, the

rod is transferred by hand, so that a | arge anobunt of nanual efforts
is required in 4
addition to the possible occurrence of a rod being dropped. The

af orement i oned | i fhi nerdepend!t ire§sive Ushe9 dfoferieiiioned Cdisdsdvititages of et er
hol e type jack 26 and the suspending rod 10, are applied in a Tifting
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suspendi ng rjadk and a method of coupling suspending rods, which has a suspending rod
attaching/detaching means capable of automatically separating or coupling rods
5 constituting the suspending rod.

It 1s the second object to improve the efficiency of work by
automatically separating and coupling the rod, constituting the suspending rod,
with the suspending rod attaching/detaching means, and by carrying out the
smooth convey of the rods between a rod delivery position to the rod

10 aftaching/detaching means and a rod storing position. At this time, the convey
of the rods between the rod delivery position and the rod storing position can
be properly carried out by reducing the efforts required in the conveying
process for the rods, and additionally, a means for easily changing a distance of
a convey route of the rod convey means is provided.

15 It is the third object of the present invention to provide a lifting jack
and a lift control method, which has a means for carrying out a synchronizing
control for a group of lifting jacks which is capable of simply controlling in
synchronism the group of jacks suspending the suspending rod not to produce
the tilt of a module lifted, and horizontally lifting up and down the lifted body.

20 In order to achieve the aforementioned objects, the lifting jack
according to the present invention has a means for automatically
attaching/detaching the suspending rod. The suspending rod
attaching/detaching means, which is a device for attaching and detaching a rod
to and from an end of a suspending rod when the suspending rod for lifting is

95 formed by screwing and coupling the rods in the axis direction and the top end

portion of the suspending rod is lifted up and down by the jack, has a chucking



10 in order to release the coupling. Additionally, the structure 20 nust be
Mfted up while being horizontally bal anced, so that plural center hole

type jacks 26 are used sinultaneously, and an operator takes charge of
each center hole type jack 26, therefore workers are required in |arge
nunbers. Moreover, the 10 operations aregcarried out on the tenporary beam
24 at high elevations, so that there is a disadvantage of the safety
of workers. When the heavy steel structure 20 is lifted up and
down by using plural jacks 26, the jacks 26 shoul d be synchronously

driven to | inhéanspformfiudRitiy @hdad part! dEthelrodk @ rdtafdpasibayiny a sheft 'dfven? of
each jack 26 should be equalised so 15 that the heavy steel structure 20

i s not inclitodit rotatedridy alfotatingaiotodahd iconnected avish ithe chuskingkasany, apidur al
j-acks is proposed, in which a pressure regulating valve I's provided in
the returni dpvaigle displacémenizabbsorbjnecineans onfaegslfhr okhnkmg an outpyahafiest by
adj usting the degree of opening of the valve (Japanese Patent
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through the elevating means in response to the amount of the vertical

to movement. It is advisable that the displacement absorbing means, placed on

the path of linking the output shaft of the rotating motor to the chuck means,

has a shaft direction displacement absorbing means and a rotation shaft run-out
displacement absorbing means.

The operation of the attaching/detaching means as described above has

15 the steps of: opposing a screw part of the rod to a screw part of the top rod of

the suspending rod while gripping the rod with the rotation chuck means;

detecting a predetermined shaft direction displacement of the chuck means,

caused by rotating the chuck means at a Jow speed at the opposing position;

and rotating the chuck means at a high speed while moving down a rotation

90 unit, driving to rotate the chuck meané, in response to screw pitch of the rod to

| couple the rods by screwing. The predetermined amount of the shaft direction

displacement of the chuck means can be defined to be a value corresponding to

a pitch of a rod coupling screw. When the rod is coupled to an end of a

suspending rod for lifting which is formed by screwing and coupling the rods in

95 the axis direction, it is carried out by the steps of: gripping the rod in a

suspending state with the rotation chuck means; rotating the rotation chuck



5 additionally, a difference of the stroke displacenent between the

j acks easily occurs for reasons of a change of tenperature in oi
pressure during use, differences in time property of each device, and
so on. Although the pressure regul ating valves are adjusted in early
stages, it is greatly difficult to equalisg 5 the strokes of the jacks.
Therefore, the massive body is laboriously lifted up and down in

paral lel, so that a bending force acts on the suspending rod, and t he
val ves nust be adjusted agai n. When the structure 20 is lifted,

the plural cemags 210w 8péad whiRrtle rod is beiphéetéredton 8 seRewWakest the top
uniformy in order that the structure 20 is [Nfted up 10 not "to incline,

so that the redwf tig spsperidimy rbdy inseeting 80w Pportidn 16F st gripped rodobg
carried out invariably after the actions of all center hole type jacks 26
are moving down a rotation chuck; detecting a predetermined shaft direction
displacement of the chuck means with the engagement in the rotation at a low
5 speed by using back-lash of a screw face; and rotating the rotation chuck
means at a high speed while moving down a rotation unit, driving to rotate the
chuck means, in response to screw pitch of the rod to couple the rods by
screwing.
In consequence, when the rod is separated and removed, a difference
10 between an ascending speed of the chuck means and an ascending speed of the
rotation unit is absorbed by the displacement absorbing means, so that the rod
is automatically removed smoothly and swiftly to avoid increase of torque,
caused by the difference of speed. When the rods are coupled, a difference of
a descending speed of the chuck means and a descending speed of the rotation
15 unit is also absorbed by the displacement absorbing means. The rotation shaft
run-out, caused by the deviated axes in screwing the rods or the like, is
absorbed by the shaft run-out displacement absorbing means, so that the rods
are smoothly and effortlessly screwed to each other.
The lifting jack according to the present invention has a means for
20 depositing and removing the rod onto and from the aforementioned rod
attaching/detaching means. The means has a rod attaching/detaching means,
which is positioned above the jack placed on a supporting frame, and provided
to move from the attaching/detaching position; and a rod convey means for
continuously conveying the rods while circulating between a position to deliver
25  the rod through a gripping position, which is provided on a moving route of the

rod attaching/detaching means, and a rod storing position. The rod convey



stopped. However, the nunber of cranes used for renoving the rod 10S is
limted, so that the plural rods 10S are sequentially renoved in order by
pl ur al cranes, therefore the entire operating tine period, including a
time for lifting up 15 the structure 20 and a tinme for renoving the rods
10S, is longer and the working efficigncies are decreased. In
addition, the safety of workers should be further considered for
reasons of a drawn-out operation. In order to set the renoved rod 10S
on the tenmporary beam 24 or the ground, equi pnent, such as a crane, is

requi red. Thmeausites frahéssembldd it HDIUNRUARD DRVERY hesipQARf ¢ ?ngihg

the nunber of center hole type jacks 26. Therefore, as the nunber o
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management . is élianged inD sircokating diStanbes tiereof actording to changing of working
positions of the deliver position for delivering the rod to the
5 attaching/detaching means and the rod storing position, thereby the distance of
the convey route of the rod convey means is easily changed and the rod deliver
position and the rod storing position can be selectively set up.

In consequence, when the operations for separating and coupling the
rods constituting the suspending rod is carried out automatically, the convey of

.10 the rod between the rod deliver position for delivering the rod to the rod
attaching/detaching means and the rod storing position can be easily carried out.
The convey of the rod between the rod delivery position and the rod storing
position is carried out by the rod convey means, not by hand, so that the efforts
required for conveying the rod is reduced and the convey of the rod is

15  dependably performed.

The lifting jack supports the boiler module as a lifted body, and plural
jacks are used for supporting it. The module as the lifted body should be lifted
up and down not to tilt, so that the synchronizing control for a group of the
lifting jacks is carried out. A lift control method, according to the present

20 invention, of a synchronizing control for a group of lifting jacks, in which a
massive body is lifted up and down by plural lifting jacks, has the steps:
driving the lifting jacks to lift in an operation with equal output, and finding a
deviation with respect to the minimum displacement by detecting stroke
displacement of each jack; and decreasing the output of the jack, having the

25 deviation exceeding a predetermined value, to equate to the stroke

displacement of the jack having the minimum displacement. When the output
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6 In order to resolve the aforenenti oned di sadvant ages of the
conventional art, it is the first object, of the present invention to

provide a lifting- jack and a nethod of coupling suspendi ng rods, which
has a suspending rod at tachi ng/ det achi ng means capabl e of
automatical ly separating or coupling roqu 5 constituting the suspendi ng

r od. It is the second object to inprove the efficiency of work
by automatically separating and coupling the rod, constituting the
suspendi ng rod, wi th the suspending rod attaching/ detachi ng neans, and

by carrying gfuthé hack haviigahb G@Wﬁhnofexbé@iiﬁ%dﬁleb rederRrined vithé VRYY

position to the rod 10 attaching/detaching neahs and a rod storing

position. Atddché¢aset] the ottpat ean\beydecreased att d predeiermisedaate with fegfect to
delivery position and the rod storing position can be properly carried

out by redudheginitil ehfput! s Wigni tled devidtion advesepdhgesult inprzemeswithisr at he
rods, and additionally, a nmeans for easily changing a distance of a
convey rout eprofeterminedd tirnealthomghnthe oupputv hdedectased, the outpus ¢are behird
obj ect of the present invention to provide a lifting jack - and a lift
control et egreasaloit & psedetemnimedfrate atisevdrabtioes. aThe jack,odscreaged with

the output thereof, retrieves the original.output when the stroke displacement

equates to the stroke displacement of the jack having the minimum

“displacement.

The method of the synchronizing control can be achieved by the lift

10 jack having the following synchronizing control unit for the group of the lifting
jacks. It has a sensor to detect each stroke displacement of the lifting jacks; a
flow regulating valve provided at each hydraulic circuit of the jacks; and a
controlling means for reading each detecting signal from sensors, and for
selecting the jack, having the minimum stroke displacement, as a reference

15 Jjack when each jack is operated with an equal output, and for equating the
stroke displacement of the jack, having the deviation to stroke displacement of
the reference jack exceeding a predetermined value, to the stroke displacement
of the reference jack by decreasing the output of the jack through the flow
regulating valve.

20 According to the above structure, a jack having the minimum
displacement of stroke is found, and each output of the other jacks may be
decreased to be coordinated to the reference jack, so that the synchronizing

 control can be relatively easily carried out and the lifted body can be lifted in
approximately horizontal. Especially, when the output of the jack is decreased,

25 the output may be decreased to be an output defined at a predetermined rate

with respect to the initial output, thereby simply carrying out the synchronizing



control for a group of lifting jacks which is capable of sinply controlling

I n synchronjsm the group of jacks suspending the suspending rod not to
produce the tilt of a nmodule lifted, and horizontally lifting up and
down the lifted body. 20 In order to achieve the aforementioned
objects, the lifting jack accordi ng tg the present invention has a
means for automatically at t achi ng/ det éhing the suspending rod.

The suspending rod attachi ng/ detachi ng nmeans, which is a device for
attaching and detaching a rod to and froman end of a suspending rod
when the suseoftolg Waen'the devidtidiidoes A6t résiRzE10 MAEMRY pRbiEHiel"d -
the rods in the axis direction and the top en portion o e
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shaft drivendecreased step by step at a predetermined rate, thereby the overshooting, in
which the stroke displacement of the jack, being controlled, is decreased under
5 the stroke displacement of the reference jack by reason of the over-decreased
output, can be avoided. When the deviation is zero, by controlling to recover
the output of the jack which has been decreased, the complicated and accurate
output control is not needed and the control without complication and the
simplification of apparatus can be achieved.
10 In the above description, the lifted body is the boiler module, but the
lifted body is not limited to the boiler module, so that the present invention can

be applied when the lifted body is supported with the suspending rod and lifted
up and down by the jack.

15
Brief Description of Drawings

Fig. 1 is a diagrammatic view of an entire lifting jack apparatus
according to the preferred embodiment of the present invention;
Fig. 2 is a fragmentary sectional side view of a jack device for a boiler,
20 according to the preferred embodiment;
Fig. 3 is a sectional view indicated by arrow A in Fig. 2, and also a
plane view of an upper chuck unit according to the preferred embodiment;
Fig. 4 is a sectional view taken along the C-C line in Fig. 3;
Fig. 5 is a side elevational view of the upper chuck unit of which sensor
25  bracket is removed, according to the preferred embodiment;

Fig. 6 is a sectional view indicated by arrow B in Fig. 2, and also a




to be rotated by a rotating notor and connected with the chucki ng neans,
and havi ng a di spl acenent absorbing neans on a path of |inking an

out put shaft of the rotating notor to the chucking neans; an el evating
means for vertically 5 noving the rotation unit in response to screw pitch
of the rods; a rotation sensor detectﬁgg the rotation of the chuck
nmeans; and a controlling neans for finding the anmount of the vertical
novenent of the chuck neans from an out put signal of the rotation
sensor, and for vertically noving the rotation unit t hrough t he

el evati ng mﬁ[ﬁ%eiﬂemﬂéﬁniﬁlédhﬁnﬁ unt of the vertical 10 novenent. It
i s advi sabl e that the di spl acement absorbi ng nmeans, placed on the path

of linking the outpig Bhahi expldded bR EdpomME viw!detheljack dBaes for a
has a shaft direction displacenment absorbing nmeans and a rotation shaft

run-out Boilet and awotl adtachiny/detachimpsdevice of the embodingempper ati on of the-
attachi ng/ det achi ng neans as descri bed above has 15 the steps of: opposing

a screw part of thEig.o® té aasceetional t viehw t o taoprotationf unit bfiethe rod
suspending rod while gripping the rod with the rotation chuck neans; -
det ecti ngs a pitaching/detaching hddviceli acanrding do stliea peefentedo ferbadintent kofrghes,
caused by rotating the chuck neans at a | ow speed at the opposing position;
and rot at i ngpreseént myghtieBans at a hi gh speed while noving down a rotation
20 wunit, driving to rotate the, chuck, neans, in response to screw pitch of

the rod to coubige & ke Heats visw of thairatationqanip pb tle sodrataehing/atachingt ne
shaft direction. i spl acenent, of, the chuck nmeans can be defined to be a
val ue cor r esBEWEERS tﬁgp?et%rre embochment;

Fig 10 is a sectional view taken along the H-H line in Fig. 9;

10 Fig. 11 is a sectional view taken along the I-I line in Fig. 9;

Fig. 12 is a sectional view taken along the J-J line in Fig. 9;

Fig. 13 is a vertically sectional view of the rod attaching/detaching
device of the preferred embodiment;

Fig. 14 is a front view of the rod attaching/detaching device of when

15  the rotation unit is removed, according to the preferred embodiment;

Fig. 15 is a sectional view taken along the K-K line in Fig. 14;

Figs. 16 are a plane view showing an attaching state of a sensor for
detecting the vertical position of the rotation unit of the rod attaching/detaching
device of the preferred embodiment, and a sectional view (the L-L line);

20 Fig. 17 is a sectional view taken along the M-M line in Fig. 16;

Fig. 18 a side elevational view of a rod conveyor device according to
the preferred embodiment;

Fig. 19 is a back elevational view of the rod conveyor device according
to the preferred embodiment;

25 Fig. 20 is a plane view of the rod conveyor device according to the

preferred embodiment;



a pitch of a rod coupling screw. Wien the rod is coupled to an end of a
suspending rod for lifting which is fornmed by screwi ng and coupling the
rods in 25 the axis direction, it is carried out by the steps of: gripping
the rod in a suspendi ng state with the rotation chuck nmeans; rotating

t he rotation chuck neans ay,a | ow speed while the rod is
being centered on a screw part of the top rod of the suspendi ng rod;

i nserting a screw portion of the gripped rod by novi ng down a rotation
chuck; detecting a predeterm ned shaft direction di spl acenment of the

chuck means with tg% %gf&%%lmg@dtﬁlﬁné Q;l[iléwi éﬂ&vﬁhgaa hemiéng pofFo of Hhe N9

back-1ash of a screw face; and rotating the rotation chuc nmeans at a
hi gh speed whbd eoffesordediorinpdétailahécirdity fo the'preferted émbelihént: he

chuck nmeans, in response to screw pitch of " the rod to couple the rods by

Figs. 22 are fragmentary sectional views (taken along the N-N line and
the O-O line) of the rod conveyor device;

5 Figs. 23 are a plane view and a front view showing an attaching state of
a rod detecting sensor located at a rod removing port in the rod conveyor
device of the preferred embodiment;

Fig. 24 1s a side elevational view of a balance device supporting a lifted
structure, according to the preferred embodiment of the present invention;

10 Fig. 25 is a front view of the balance device supporting the lifted
structure, according to the preferred embodiment;

Fig. 26 is a diagram showing an arranging state of the jack for the
boiler when the lifting jack apparatus is seen from the front, according to the
preferred embodiment;

15 Fig. 27 is an explanatory view of a synchronism controller for the
lifting jack according to the preferred embodiment;

Fig. 28 is a block diagram of a jack controlier of the preferred
embodiment;

Fig. 29 is a fragmentary block diagram of the synchronism controller

90 for the lifting jack of the preferred embodiment;

Fig. 30 is a flow chart for explaining the flow of signals of the
synchronism controller for the lifting jack according to the preferred
embodiment;

Figs. 31 are schematic views for explaining a part of processes for

95 detaching a rod according to the preferred embodiment;

Figs. 32 are schematic views for explaining a part of the processes for



screw ng. I n consequence, when the rod is separated and
renoved, a difference 10 between an ascendi ng speed of the chuck neans and

an ascendi ng speed of the rotation unit is absorbed by the

di spl acenent absorbi ng neans, so that the rod is automatically renoved
snoothly and swiftly to avoid increase of 440rque, caused by the

di fference of speed. When the rods are coupled, a difference of a

descendi ng speed of the chuck neans and a descendi ng speed of the rotation
15 wunit is also absorbed by the displacenment absorbing neans. The rotation

shaft — rudeRithing el RYsuckessiGY ttIRIpREeSsdsinTigeva1lg the rods or the
like, is absorbed by the shaft run-o di spl acenent absorbi ng neans, so

that the rods Bigs. S30aichécheniiceiiews forseiplaiiingeneshrt of aheproeessys. for

The lifting jack according to the present invention has a nmeans for 20
deposi ti ng adetachimy thegrodim suedessidwtatie prcwssdseinaffi%s.eé?ﬁgnt i oned rod
attachi ng/ detachi ng neans. The neans has a rod attaching/detaching neans,
whi ch is positioneHigi3dvis a flowj ehdet fivrexplaiming tsedptachingyoperation ofittie rod
provi ded to nove fromthe attaching/detaching position; and a rod
convey megnsbydhe rod attaching/dataching clevise acrordingrtodbe prefesred erobodmens;
between a position_to deliver 25 the rod through a gri,pping position,
whi ch is provided Big 35isvadlpw shes for explaining an @seendibgispged contigl Agr a
means, and a rod, stor.ing position. The rod convey, .
rotagion unit b%]r the ro attach-lrng/detach(l;ng device according to the preferred
embodiment;
Figs. 36 are schematic views for explaining a part of processes for
10 attaching the rods by the rod attaching/detaching device according to the
preferred embodiment;
Figs. 37 are schematic views for explaining a patt of the processes for
attaching the rods in succession to the processes in Figs. 36;
Figs. 38 are schematic views for explaining a part of the processes for
15 attaching the rods in succession to the processes in Figs. 37;
Fig. 39 is a flow chart for explaining the attaching operation of the rod
by the rod attaching/detaching device according to the preferred embodiment;
Fig. 40 is a flow chart for explaining a descending speed control of the
rotation unit by the rod attaching/detaching device according to the preferred
o0 embodiment;
Fig. 41 is a flow chart for explaining an upper-limit position control of
a chuck in the attaching state of the rods by the rod attaching/detaching device
according to the preferred embodiment;
Fig. 42 is a flow chart for explaining a lower-limit position control of a
95 chuck in the attaching state of the rods by the rod attaching/detaching device

according to the preferred embodiment;



9 means has a frame assenbled wi th nodul es and having a direction
changi ng portion of a sprocket or the like to change di.rections of a
conveyed body, and is changed in a circul ating di stances thereof
according to changi ng of worKking positions of the deliver position for
delivering the rod to the 5 attaching/dgtaching nmeans and the rod storing
position, thereby the distance of the convey route of the rod convey
nmeans is easily changed and the rod deliver position and the rod
storing position can be selectively set up. I n consequence,

when the operati olRigd.0f3 appakplanatoradews Wi 4 Aeth6€ for detsching i@rlag,sﬂdﬁtﬁéé ng

the suspending rod Is carried out autonmatically, the convey of the rod

bet ween t he indliedeitation ofos iatfachinfgfdetadchingedtivelt 6hehe edd tatddhéng/detaching
attachi ng/ det achi ng means and the rod storing position can be easily

carried out .device addordingwoctheqirefereed eibbdimertn t he rod delivery position
and the rod storing position is carried out by the rod convey neans,
not by hand, so tFag ##eiseafprogsam analysis diagram for explaining a synchronism
5 controlling method of the lifting jack according to the preferred embodiment of
the present invention;

Fig. 45 is a program analysis diagram showing the case in which the
operating state of the jack is changed in the synchronism control of the jack,
according to the preferred embodiment;

10 Fig. 46 is a graph for explaining an example of changing stroke of the
jack which is controlled by the synchronism controlling method of the lifting
jack, according to the preferred embodiment;

Figs. 47 are a plane view and a front view of a conventional suspending
rod;

15 Fig. 48 is an explanatory view of the condition in which the suspending
rod is lifting a boiler module; and

Figs. 49 are explanatory views of a lifting method with the conventional

suspending rod.

20
Best Mode for Carrying out the Invention
Specific embodiments of a lifting jack, a method of coupling
suspending rods and a lift control method according to the present invention
will be described below in detail with reference to the accompanying drawings.
25 Fig. 1 is a diagrammatic view showing an entire jack system for a

boiler as lifting jack apparatus of the present invention. In Fig. 1, a working



required for conveying the rod is reduced and the convey of the rod is 15
~dependably perforned. The lifting jack supports the boiler
nodule as a |ifted body, and plural jacks are used for supporting it.
The nodule as the lifted body should be lifted up and down not to tilt,
so that the synchronizing control for a g{youp of the lifting jacks is
carried out. Alift control method, according to the present 20 invention,
of a synchronizing control for a group of lifting jacks, in which a

massive body is lifted up and down by plural lifting jacks, has the steps:
driving the flodrt 4D4s constsudtedion & boilepBicep Fradid 40 contpostg al bailsrthiamissid
finding a deviation with respect to the m ni mum di splacenent by

detecting st@nkhe working floorefZ;rd coftrohphnglodd; a hydraidicr wais 46ofcrhdrivingralt
of the jack, having the 25 deviation exceeding a predeterm ned value, to
equat e to t Heoikdrjakk or the liltespihicte mil tbeodeschibefl dateryand ag opeeativmpaneh 50
giospl acerrentdpﬂvmaer& lt); %noglggrl;%or 48 are provided. In addition, a rod container 54 for
5 storing rods 528 used for composing a suspending rod 52 is provided on the
working floor 42. Contiguous to the boiler steel frame 40, a boiler-side steel
frame 58 for lifting up and down a boiler module 56, as a lifted body, is
constructed. .
The boiler module 56 is supported and suspended by a boiler jack 60
10 as a center hole type hydraulic jack, which will be described later, through the
suspending rod 52 of which the plural rods 52S are coupled by being screwéd
in the axis direction. More specifically, an upper frame 64 is constructed in the
upper portion of a column 62 of the boiler-side steel frame 58. The boiler jack
60 is placed on the upper frame 64. The boiler module 56 is supported through
15 the suspending rod 52 and lifted up and down by alternately working chucks,
each located in the upper portion and the lower portion of the boiler jack 60.
Above the boiler jack 60, a rod attaching/detaching device 68 as a rod
attaching/detaching means which will be described later is placed on a frame
66, in which the top (end) rod 52S1 located above the boiler jack 60 is
20 uncoupled from and coupled to a rod 52S2, located directly beneath the rod
52S1. Under the rod attaching/detaching device 68 and adjacent to the boiler
jack 60, a rod conveyor device 70 as a rod convey means is provided in order
to convey and store the rod 528, removed by the attaching/detaching device 68,
into the rod container 54 provided on the working floor 42, in likewise to

95 deliver the rod 52S, stored in the rod contamner 54, to the rod
attaching/detaching device 68.



of the jack having the deviation exceeding the predeterm ned value is
decreased, t.he output can be decreased at a predeterm ned rate with respect
to the initial output. Wien the deviation does not result in zero
within a predeterm ned tine although the output has decreased, the
output can be 5 decreased at a predetergyned rate at several times. The
j ack, decreased with the output thereof, retrieves the original output
when the stroke displ acenent equates to the stroke di splacenment of the
jack having the m ninmum di spl acenent. _ ~The nethod of the
synchroni zi ng cont.Asishowm ineFigc 2] thedsbiler jable 60i it icobfposed Wf eplimieri7aeas a
fol l ow ng synchroni zing control unit for the group of the lifting
jacks. It habxedguieneylindetemenbesastandingkp ok the aipper facebf thbokishaped
j acks; a flow regul ating val ve provided at each hydraulic circuit of
the jacks; afgmghair F/g-’cbhlcﬁd lom; stgrapenasy beam, aadiarlgmﬁﬁﬁnsm'_tezbm thg qﬂml?&t
fromsensors,  a for, sel ecting the jack, having the m ni mum stroke
di spl acement 74ar§]ﬂ§ ¢yindes dchassa dpable-wallstatcture; a¢®mm9da$esdﬁwram ’ﬁﬁ]
equal out put nd far.equating th stroke displacement of the jack,
hgvi ng t dié\/&'&tW tbsf%é’?rt‘a oW 9 1R énto move up andhdopat. e Amneid gfr@ssﬁre
exceeding a e mn al, to t siroke di.spl acepent ,of the
ref erence | a%rgéé‘géﬁ @%F%Qlfﬁ@%ﬁ?rpﬂg’ B#acp @1 theansgrtig,end portion ynder
regul ating VgleSottom face of the ram 76, and a return oil chamber 80 which is placed on a
side wall portion of the ram 76, partitioned by the lower end portion of the ram,
above the feed oil chamber 78. The ram 76 is moved up by feeding working
10 oil into the feed oil chamber 78 and moved down by opening the feed oil
chamber 78 to feed the working oil into the return oil chamber 80.

The boiler jack 60 is provided with a center hole 82 at the central
portion thereof to pass the suspending rod 52. The boiler jack 60 keeps hold
of a neck portion formed in the suspending rod 52 to support the boiler module

15 56 connected to the suspending rod 52, while allowing the boiler module 56 to
lift up with the driving of the ram 76. In order to support the neck portion of
the rod, an upper chuck unit 84 is provided on the top end of the ram of the
jack 60, and a lower chuck unit 86 is provided in the ram chair 72 placed in the
lower portion of the cylinder 74. Figs. 3 to 5 show the above structure in detail

20  with the upper chuck unit 84.

Fig. 3 is a sectional view indicated by arrow A in Fig. 2. Fig. 4 is a
sectional view taken along the C-C line in Fig. 3. Fig. 5 is a side elevational
view when a sensor bracket 100 (see Fig. 3) is removed. As shown in the
drawings, the upper chuck unit 84 is provided with an opening at the central

25  portion thereof and a rectangular-shaped chuck base 88 which is secured on

the top face of the ram 76. On the upper face of the chuck base 88, a pair of



20 According to the above structure, a jack having the m ni nrum

di spl acenent of stroke i.s found, and each output of the other jacks may be
decreased to be coordinated to the reference jack, so that the

synchroni zi ng control can be relatively easily carried out and the
lifted body can be lifted in . approxinmpgely horizontal. Especially, when
the output of the jack is decreased, 25 the output may be decreased to be
an out put defined at a predeterm ned rate wWith respect to the initial
out put, thereby sinply carrying out the synchronizing

control . \Wechudks 90;\dizidedninto dialves] aremduntédita slide Wokizbfitallye The chucks
pr edet er m ned- tinme after the output has been decreased, "t he output of

the above ja2® arenopened anddelosedsatditiet dividgd gortiont dnpoxidetier coned] thé e,
t hereby the overshooting, in . Which the stroke displacenent of the
j ack, bei ng epeninglanddclosingdlitectioncef thedzhucks 90, inverted L-shaped slide guides
92 are arranged along a pair of opposed edges of the chuck base 88, and
5 éngaged with both of the side edge portions of each chuck 90. On the rear
edge portion of each chuck 90, a bracket 94 is secured. Both of the end
portions of the bracket 94 are connected to a hydraulic cylinder 96 for driving
the pair of right and left chucks 90 to open and close. The hydraulic cylinder
96 is positioned above the upper face portion of the slide guide 92, and is

10 expanded and contracted along the guiding direction to open and close the
chucks 90 with the action of expanding and contracting.

The upper chuck unit 84 has two semi-circular top plates 98 which
engage with the neck portion in the suspending rod 52 when the chucks 90 are
closed. More specifically, the chuck 90 is formed to have a half-round recess,

15  having a larger diameter than that of the neck in the suspending rod 52, on the
half-divided portion. The chuck 90 is firmly provided with the top plate 98
having the half-round recess so that a circular opening approximately
corresponding to the diameter of the neck is formed on the top face portion
when the chucks are closed.

20 On each outer side face of the slide guides 92, an inverted L-shaped
sensor bracket 100 is secured. The end of the sensor bracket 100 is bent
downward in L-shape to form a lower step portion than the upper face of the
top plate 98. On the lower step portion, an open sensor 102 detecting that the
chucks 90 are opened and a close sensor 104 detecting that the chucks 90 are

25 closed are arranged. Note that the lower chuck unit 86 has a similar structure

to that of the aforementioned upper chuck unit 84, but the lower chuck unit 86



5 the stroke displacenent of the reference jack by reason of the

over - decr eased out put, can be_ avoi ded. When the deviation is zero,. by
controlling to recover t he out put of the jack which has been
decreased, the conplicated and accurate out put control is not needed
and the control w thout conplication and {ghe sinplification of

appar atus can be achi eved. 10 In the above description, the lifted
body is the boiler nodule, but the lifted body is not limted to the
boil er nodul e, so that the present invention can be applied when the

lifted body 1sspl$>mrlmf fre dheii fan tchairs U3 prondhuek thel saspendihgedd 52 underatise
down by the jack. 15 Brief Description of Draw ngs Fig.
1 is a di agreylmeer J4vi ew of an entire lifting jack apparatus accordi ng
to the preferred enbodi ment of the present invention; Fig. 2is
a fragnentary secthhenboiled ;@kv6@vaan:br&ngat@kﬂt&ewmbedﬁmntalsbmﬂ]mted tw allow
according to the preferred enbodi nent; Is a sectional

vi ew i ndi catthé g@gthrqfdhe/xorirﬁﬁ,gcompomg the §t;sm¢ndmg rtpd §|2e @ |e§ﬂabil Uélﬂt ebper

chuck unit accordjng he preferred enbo is a
sect i onals v.Wprd@wx st thréefme, theboler Fir‘% é@ is structured to haiﬁegthesws a

side el evat 'c?oqgll] stroﬁ\évlgrflgér an the iengthﬁ %tllnjemr(gd g&SWﬂ As shown in l’Flg. 2 and Fig.

5, the suspending rod 52 is elongated by coupling the plural rods 528 in the

axis direction. In each rod 528, a rod head 52B of a larger diameter is formed

on an upper portion of a rod part 52A. A male screw part 52C is formed on a

10 lower portion of the rod part 52A. A female screw part 52D is formed on the

side face formed in the central portion of the rod head 52B. The plural rods

528 are screwed and coupled in the axis direction by screwing the female

screw part 52D with the male screw part 52C of another rod 52S. The rod 52S

. has a groove 52E for preventing itself from falling, which engages with a

15 projection placed an engaging claw of the rod attaching/detaching device 68,

on the periphery of the top of the rod head 52B.

The suspending rod 52 as described above is enabled to support a load

by being chucked by the chuck unit. In the boiler jack 60, the upper chuck unit

84 and the lower chuck unit 86 simultaneously chuck the rod 528 and the rod

20 528 positioning under the previous rod 528, and additionally, the state that the

- upper chuck unit 84 supports a load can be shifted to the state that the lower

chuck unit 86 suﬁports a load. When the ram 76 is changed from the

descending position to the ascending position, the state that the lower chuck

unit 86 supports a load can be moved to the state that the upper chuck unit 84

25 supports a load. This is made possible by defining the up-down stroke of the
ram 76 to be slightly longer than the length of the rod 528S.



25 Dbracket is renoved, according to the preferred enbodi nent;

Fig. 6 is a sectional view indicated by arrow B in Fig. 2, and also a

12 pl ane view of a detent nmechani sm Fig. 7 is an

expl oded bl ock conponents view of the jack device for a boiler and a
rod attaching/detaching device of the enbggli ment; Fig. 8is a
sectional view of a rotation unit of the rod 5 attaching/detaching device
according to the preferred embodi ment of the present invention;

Fig. 9is a front viewof the rotation unit of the rod attaching/detaching

devi ce of the prefWhesdtlentowémeinick unit 86 is assighed toéCsupport tiecloashef the ew
taken along the HHline in Fig. 9;
suspending rod 52, the ram 76 can be moved up by opening the upper chuck
unit 84, and the rod 52S can be coupled or uncoupled at the top end of the
suspending rod 52. The plural rods 52S are coupled between the supported
5 position by the lower chuck unit 86 and the top end of the suspending rod 52,
so that, especially when the screwing of the top rod 528 is released and the top
rod 528 is separated, unscrewing of the screwing portions positioned under the
top rod 52 in the center hole 82 might occur. For this reason, a detent
mechanism is provided for stopping the rotation caused between the rod 52S2,
10 lifted up by moving up the ram 76, and the rod 5253, projected from the upper
portion of the cylinder 74 and is to be lifted up after the rod 52S2 (see Fig. 2),
in an ascending mode for lifting up the boiler module 56 and detaching the rod
528.

The frame 66 as a rigid-frame construction, constructed for stably
15 supporting the upright standing jack 60, is provided on the periphery of the
boiler jack 60 (see Fig. 2), so that the strategic points of the jack 60 are
supported by the frame 66. In the frame 66, defining the rod 52S2 as an object
that is stopped rotating, which is directly coupled to the top of the rod 52S3
which is to be chucked by the upper chuck unit 84 at the upper portion of the
o0 ram 76 moved down, the detent mechanism 110 is provided in a transverse
beam portion 106 placed at a position of the height of the larger-diametrical

rod head 52B of the rod 52S2 (see Fig. 6).
As shown in Fig. 6 of the sectional view indicated with arrow B in Fig,
2, the detent mechanism 110 has a pair of turnable arms 112. The end portions
o5 of the arms 112 are opened and closed by a hydraulic cylinder 114 linking the

arms, and pressuring blocks 116, provided at the end portions opening or



10 Fig. 11 is a sectional view taken along the I-I line in Fig. 9;
Fig. 12 is a sectional view taken along the J-J line in Fig. 9;
Fig. 13 is a vertically sectional view of the rod attachi ng/ detaching

device of the preferred enbodi nent; Fig. 14 is a front view of
the rod attachi ng/ detaching device of wheny15 the rotation unit is
renoved, according to the preferred enbodi nent; Fig. 15 is a
sectional view taken along the K-K line in Fig. 14; Figs. 16
are a plane view showi ng an attaching state of a sensor for det ecti-ng

I:I he vertical closing,i olangj thoelargéradianetticalt rod hdad 6528 aft thehrod/ S2820kithg
evice of the preferred enbodi nent, and a sectional view (the L-L line); 20
Fig. 17 i s apssssureonhbbr theputpaiseofadpening had Middihg ke ipressiupingtpcks 116 at
Fig. 18 a side elevational view of a rod conveyor device according to
t he preferretheeebnigirnkne ;on the axis of thei hoile® jack H(aikle tirnablei arml 112 dw of
the rod conveyor device accordin to the preferred enbodi ment; 25
Fig. 20 is aafiaches ontonadnounfing gdamohlx%,ywangcd paralled 40 dhedransverse beam
preferr eOI5 errlt:),glqt'ior}rle %5, with a turning shaft 120 at somie midpoint thereof, and the end
portion of the arm 112, which is in the vicinity of the hydraulic cylinder 114, is
slidably turned in the horizontal in the transverse beam portion 106. Thereby,
a pair of turnable arms 112 clamp the larger-diametrical rod head 52B with the
driving force caused by the hydraulic cylinder 114 while being guided to turn
10  horizontally by the mounting beam 118 and the transverse beam portion 106,
and then stops the whirl.
The top rod 52S1 can be automatically coupled and uncoupled by
providing the aforementioned detent mechanism 110. The structural example
is shown in Fig. 7. As shown in the drawing, a transverse drive shaft 134
15 constituted of a screw shaft is placed above the boiler jack devices arranged in
two rows. The rod attaching/detaching device 68 is provided to move to a
position above any one of the adjacent boiler jack devices with the guide of the
transverse drive shaft 134. In the rod attaching/detaching device 68, an
attaching/detaching chuck (chucking means) 140 located under a rotation unit
20 138 which will be described in detail later is rotated by a rotating motor 142
provided with a servo-motor. Additionally, the rotation unit 138 is moved up
and down by an elevating motor 144 provided with a servo-motor as an
elevating means. After the attaching/detaching device 68 is moved to and
stopped at a position directly above one of the boiler jack devices, the
25 attaching/detaching device 68 is moved downward to grip the rod head 52B of

the top rod 52S1 which is located directly on the rod 52S2 stopped whirling,



13 Fig. 21 is an enlarged plane view showi ng a delivering

portion of the rod conveyor device in detail, according to the
preferred enbodi nent; Figs. 22 are fragnentary sectional views
(taken along the N-N line and the OGO line) of the rod conveyor
device; 5 Figs. 23 are a plane view and a front view show ng an
attaching state of a rod detecting sensor |ocated at a rod renoving
port in the rod conveyor device of the preferred enbodi nent;

Fig. 24 is a side elevational view of a bal ance device supporting a lifted
iy odadprtly oo imognt s el e
lifted S2Sdcisutetachest ot the other handy éd ard%ﬁendﬂngdnaégteg rWllng theerod
Fig. 26 is a diagram showi ng an arrangi ng_state of the jack for the,
ol er v, S8 Beczmig ol sppmaneso by iateibwtanations
synchr oni sm dehivess therrodo$28 hdeing to be coup(‘?ed, and 18 rotahor?alﬁ' ?lrivel% t\éls%%\/ex?l 2
5 the rod 5281 to the rod 52S2 stopped whirling, whereby the rods are coupled.
As shown in Fig. 8, in the rotation unit 138, a guide shaft 150 is
secured onto an output shaft 146 of the rotating motor 142 via a coupling 148.
Under the rotating motor 142, a casing 152 covering the surrounding of the
coupling 148 is fixed and rotatably supports the guide shaft 150 via a bearing
10 154. To the lower portion of the guide shaft 150, a cylindrical slide shaft 156,
having the bottom face and constituting a shaft direction displacement
absorbing means, is movably connected in the axis direction, so that the
displacement of the shaft direction of the attaching/detaching chuck 140 to the
guide shaft 150 is absorbed. A sliding key 158 is provided to the guide shaft
15 150 to avoid the rotation of the slide shaft 156 about the guide shaft 150. On
the upper circumferential portion of the slide shaft 156, a compression springs
160 is arranged to forcibly push up the slide shaft 156 to carry out a floating
support.
More specifically, on the periphery of the compression spring 160, a
20 spring holder 162 secured on the bottom of the casing 152 is placed. In the
lower portion of the spring holder 162, a spring seat 164 passed through the
slide shaft 156 is placed. The compression spring 160 is located between the
spring seat 164 and a flange-shaped spring shoe 166 formed on the upper
portion of the slide shaft 156. In the lower portion of the spring holder 162, a
25 bearing 168 is placed on the periphery of the spring seat 164 to rotatably

support the slide shaft 156 via the spring seat 164.



lifting jack according to the preferred enbodi nent;

a*bl ock diagramof a jack controller of the preferred enbodi nent ;
Fig. 29 is a fragnentary bl ock di agram of the synchroni smcontroller 20

for the lifting jack of the preferred enbodi nent;

flow chart for explaining the flow of sigmals of the synchroni sm

controller for the lifting jack according to the preferred

Figs. 31 are schematic views for explaining a part of processes for 25
detaching a rod according to the preferred enbodi nent; Fi gs.

are schematic vi e@n tigs bettoeend 6Dt slidd skdft 156, thecateshding/tetaching chuck

14

10

15

20

25

140 is attached via a spring coupling 170 as a rotation shaft run-out
displacement absorbing means. The attaching/detaching chuck 140 is an air
chuck, and has three grip claws 172 in the lower portion thereof for grasping
the head 52B of the rod 52S, and a pneumatic driven part 174 driving the
opening and closing of the grip claws 172. On each inner face of the grip
claws 172, a projection 176 is formed to engage the groove 52E, formed on the
rod head 52B of the rod 52S and prevent the grasped rod 52S from falling. On
the top face of the pneumatic driven part 174, a rotation detecting plate 178 for
a rotation sensor detecting the rotation of the attaching/detaching chuck 140,
which will be described in detail later, is placed in order to lift up and down the
rotation unit 138 in synchronization with the rotation of the attaching/detaching
chuck 140.

Above the spring coupling 170, a distance detecting plate 180 for
detecting the amount of deflection of the compression spring 160 is secured to
the slide shaft 156. On the lower outer circumferential face of the spring
holder 162, a ring support 182 is fixed (see Fig. 9), on which four spring
expansion sensors 184, 186, 188 and 190 are attached to be opposite the
distance detecting plate 180. The spring expansion sensors 184, 186, 188 and
190 comsist of a limit switch, a working transformer, a linear encoder, a
photosensor or the like, and are positioned at a distance from one another in a
diagonal arrangement in the axis direction of the slide shaft 156. Each of the
spring expansion sensors detects the distance to the distance detecting plate
180 therefrom and inputs the detection signal into a control system for
controlling the attaching/detaching device (not shown). Each of the spring

expansion sensors 184 to 190 change to ON when the distance to the distance

Fig. 28 is

Fig. 30 is a

enbodi nent ;

32



detaching the rod in succession to the processes in Figs. 31,

Figs. 33 are schematic views for explaining a part of theprocesses for
detaching the rod in succession to the processes in Figs. 32

Fig. 34 is a flow chart for explaining the detaching operation of the rod

5 by the rod attachi ng/ detachi ng device aicording to the preferred

enbodi nment ; Fig. 35 is a flow chart for explaining an ascendi ng
speed control for a rotation unit by the rod attaching/detaching

devi ce according to the preferred enbodi nment ; Figs. 36 are
schemat i ¢ vidstecting platp|180hbecpmepless thanm presteterminhod VHDue,aan(hQﬁgﬁthdm
rods by the rod_attachi ng/ detaching device according to the preferred
enbodi ment ; the distance exceeidgdhe detesmined valwgt i ¢ vi ews for expl ai ning a part
of the processes Hﬁ{ . attaching the rods in succession to the, processes
in Figs. 36; e spring-egpansign seasaic hddds ifer detagtingoibecsnteactingglimitpar t

o e PSS ks S AL e el e B
o 2Chi g OB heRleb Tné Hapes, dblecls . TH0°GRL L SRS BF s,
or oxpl i S5RASRSB S8k S0an She Bl e conbl "Bl e
Flg. 4l is qoldi 6P e altQnifigRlcRidHing AUKPRRY and Take® A0 dhAf. COMdOtne "
attaching/detaching chuck 140 does not suspend the rod 528, the distance
between the spring expansion sensor 186 and the distance detecting plate 180
10  is defined to be less than a value d,. The spring expansion sensor 186 changes
into the ON position when the distance between the distance detecting plate
180 and the sensor 186 is less than a value d,. The spring expansion sensor
188 changes into the OFF position when the distance between the distance
detecting plate 180 and the sensor 188 further drops less than a predetermined
15 value d,, for example more than d;+5 mm, in consequence whereof the
compression spring 160 is stretched out by the weight produced when the
attaching/detaching chuck 140 grasps and suspends the rod 52S. As will be
described later, the control system decreases the ascending speed of the
rotation unit 138 when the spring expansion sensor 188 is in the OFF position
20 in the uncoupling step of the rod 52S, whereas the control system increases the
descending speed of the rotation unit 138 in the coupling step of the rod 528.
And, the spring expansion sensor 190 is for detecting the expanding limit of the
compression spring 160, and changes into the OFF position when the distance
between the distance detecting plate 180 and the semsor 190 exceeds a
25 predetermined value d,;,y, whereupon the control system stops the rotation of

the attaching/detaching chuck 140 and raises an alarm.



a chuck in the attaching state of the rods by the rod attachi ng/ detaching
devi ce according to the preferred enbodi nent; Fig. 421is a
flow chart for explaining a lower-limt position control of a 25 chuck in
the attaching state of the rods by the rod attachi ng/detachi ng device
according to the preferred enbodi nent;

15 Figs. 43 are explanatory views of a nethod for detecting
irregularities in the rotation of a attaching/detaching chuck of the
rod attachi ng/ detaching devi ce according to the preferred enbodi nent;

T 1| e SO et FACLTE kg s 58 10,
enbodi ment oWhich pluralk(six &5 tiet embedimeént) rotation detecting slots 192 are opened to
' be spaced 60 degrees from each other about the center of the plate 178 on the
margin of the plate 178. The rotation detecting plate 178 is shaped in an arc-
5 shaped oval along the circumferential edge of the rotation detecting plate 178.
In addition, plural (three in the embodiment) basic point holes 194 are formed
on the rotation detecting plate 178. The basic point holes 194 are arranged to
be spaced 120 degrees from each other about the center of the rotation
detecting plate 178, each of the holes 194 being formed at a position closer to
10 the center of the rotation detecting plate 178 than the rotation detecting slots
192 and at a position corresponding to the middle point of the rotation
detecting slot 192 in the longitudinal direction. Under the rotation detecting
plate 178, a rotation detecting sensor 196 and a home position detecting sensor
198, consisting of a photosensor, for respectively detecting the rotation
15 detecting slot 192 and the reference hole for home position 194, are placed
(see Fig. 9). The length of the rotation detecting slot 192 along the
circumference of the rotation detecting plate 178 corresponds to the length of
the space between the rotation detecting plates 178 along the circumference of
the rotation detecting plate 178. A duty rate of an ON (“H”) signal and an
20 OFF (“L”) signal, outputted from the rotation detecting sensor 196 when the
rotation detecting plate 178 rotates a turn at a fixed speed, is defined as 50%.
As shown in Fig. 11, the rotation detecting sensor 196 and the basic
point sensor 198 are attached on an mounting bracket 200 secured on the upper
face of a steady plate 199. The steady plate 199 has an arc shape shorter than
25 a semicircle and is secured on the upper face of a flange portion 202 of the

pneumatic driven part 174 to avoid the vibration, caused by the rotation of the



Fig. 45 is a program anal ysis di agram show ng the case in which the
operating state of the jack is changed in the synchronismcontrol of the

j ack, according to the preferred enbodi ment; 10 Fig. 46 is a
graph for explaining an exanpl e of changi ng stroke of the jack which is
controll ed by the synchronismcontrollinggrethod of the lifting ] ack,
according to the preferred enbodi nent; Figs. 47 are a pl ane
view and a front view of a conventional suspending rod; 15 Fi g.
48 is an explanatory view of the condition in which the suspending rod
is lifting eattawhimg/detaching clamk 140, in cooperatiomwitia steadyeplate 284 megursdews
of alifting nmethod with the conventlonal suspendi ng rod. 20

Best Mde f orn therHangejporiion 202 pppesite the steady plate 199Speci fi ¢ enbodi nent s
of alifting jack, a nethod of coupling suspending rods and a lift

control method acddmdhengutes edge mré\@a&tofutheétﬁadzyrplates 199 andéﬂéemmnmg
bel ow i n detai l reference_to the acco dr aw ngs
Fig. 1is a mﬁ%raéaaﬂtméd \ﬂtebﬂtbhﬁiﬂﬁﬁgf’%ﬂleen&ﬂﬁ ng&texa@vag&huc& 140 in the
5 diameter direction. Steady guides 208 are respectively attached to the
mounting plates 206 to orient toward the outside, and engaged with guiding
grooves formed on rectangular cylinder-shaped guide supports 210 located at
the both sides of the attaching/detaching chuck 140 to avoid the vibration of
the attaching/detaching chuck 140 and guide the vertical movement of the
10  attaching/detaching chuck 140 along the gnide support 210. As shown in Fig.
9, a pair of the guide supports 210 are secured to the side portion of the casing
152 via a fixing bracket 212 at the upper end portion thereof.
On the lower end portion of a pair of the steady guide 208, a sensor
mounting ring 214 shown in detail in Fig. 12 is secured. On the upper end of
15 the sensor mounting ring 214, two pairs of support plates 216 and 218 are
secured to overhang into the sensor mounting ring 214 (see Fig. 12). In a pair
of the support plate 216, a grip sensor 220, consisting of a light emitting
portion and a light receiving portion for detecting that the grip claws 172 of the
attaching/detaching chuck 140 close to grip the rod 525, is attached to confront
20 each other to detect the gripping by means of changing into the ON position
when the grip claws 172 grip the rod 52S. In the other pair of the support plate
218, a gr.ip.release sensor 222 consisting or a light emitting portion and a light
receiving portion is attached to confront each other to detect the release of the
gripping of the rod 52S by the attaching/detaching chuck 140 by means of
25 changing into the OFF position when the grip claws 172 move backward
between the light emitting portion and the light receiving portion.



boiler as lifting jack apparatus of the present invention. In Fig. 1, a

wor ki ng _ .16 floor 42
is constructed on a boiler steel frame 40 conposing a boil er chanber.

On the working floor 42, a control panel 44; a hydraulic unit 46 for
driving a boiler jack or the like, wjch will be described |ater; and
an operation panel 50 operated by an operator 48 are provided. In
addition, a rod container 54 for 5 storing rods 52S used for conposing a
suspending rod 52 is provided on the wor ki ng floor 42. Contiguous to

the boiler steel flnatie #Pverechdipotioni oftls sehsor mouhtiagerisd Xld, 4 ipaid off up
and down a boiler nodule 56, as a |ifted body, is constructed.

The boi | er rmoiches 284iase fopped.t Adbrackets226 seciaddliy the bivadyrgyide 208vid ¢he as
the o " otch 224 % projected insidé the sensor mouning ring 214. At the chds of the

brackets 226, a head detecting sensor 227 for detecting the movement of the

5 head 52B of the rod 52S into the grip claws 172 of the attaching/detaching

chuck 140 is attached to confront each other. The head detecting sensor 227,

consisting of a light emitting portion and a light receiving portion, is placed

away from the center to either side of the attaching/detaching chuck 140 as

seen from the top. Above the sensor mounting ring 214, a tight sensor 230 is

10 secured to each of the steady guides 208 via a bracket 228 to confront each

other (see Fig. 9). The tight sensor 230 consists of a light emitting portion and

a light receiving portion, and is placed parallel to the head detecting sensor 227

along a linearly symmetrical position to the head detecting sensor 227 with

respect to the center of the attaching/detaching chuck 140 as seen from the top.

15 And additionally, the tight sensor 230 detects that the upper end of the grip

claw 172 of the attaching/detaching chuck 140, namely, the slide face of the

grip claw 172 gets in contact with the top face of the rod heat 52B of the rod

52S. The contact between the slide face of the grip claw 172 and the rod head

152B is detected, whereby the down-movement of the attaching/detaching

20 chuck 140 is finished and the closing operation of the grip claws 172 is
permitted.

As shown in Fig. 13, the rotation unit 138 is attached to a nut 234
screwed with a screw shaft 232 rotated by the elevating motor 144. More
specifically, as shown in Fig. 14 and Fig. 15, a cross-sectional C-shaped

25 elevating frame 240 composed of a pair of side plates 236 and a back plate 238
is attached to the nut 234, The back side of the casing 152 of the rotation unit



suspendi ng rod 52 of which the plural rods 52S are coupl ed by being screwed
Ih the axis direction. Mdire specifically, an upper frane 64 is constructed

in the upper portion of a colum 62 of the boiler-side steel frame 58.
The boiler jack 60 is placed on the upper frane 64. The boil er nodul e
56 i s supported through 15 the suspendingggod 52 and lifted up and down by
al ternately working chucks, each located in the upper portion and the
| ower portion of the boiler jack 60. Above the boiler jack 60,
a rod attachi ng/ detaching device 68 as a rod attachi ng/ det achi ng neans

which will bE3&ascsddueed |tat ¢he i clevdtarpe drame a240.anThe elevatingi frame 4K e
top (end) rod 52S1 | ocated above the boiler jack 60 is 20 uncoupled from
and coupl ed vesticallp thadable witlcraspdctoior & crdsg-seetienalCishaped guide fraag124Rder
the rod attachi ng/ detachi ng device 68 and adjacent to the boiler jack
60, a rod conveyorlhtegnisds gr@mZéZrhas a gpaie wf rrade plates 244 and a iconoecfion
to convey and staqre the rod 52S, renoved by the attaching/ detaching, device

68, i ntcPlaife 2A6dciBingathesidssplatesidda damdrerails: 4% are) ouenied in the
lrloléew 5¢ 5;? téérﬁpglqgiel ﬁé&iﬂ;},g g;eggpgéédggn%; gcelsno t gsrié)ed faces 744! eﬁagﬁ ’gu&c?e the
rail 248 engages guide bearings 250, attached on the upper and lower portions

of the outer face of each side plate 236 of the elevating frame 240. The guide
bearing 250 is guided by the guide rail 248, whereby the rotation unit 138 is
vertically movable along the guide frame 242 through the elevating frame 240.
10 The guide frame 242 has a motor mounting plate 252 at the upper end
thereof, the elevating motor 144 being secured on the motor mounting plate
252 (see Fig. 14). Under the motor mounting plate 252, a supporting plate 254
is placed. A support unit 256 passed with a screw shaft 132 therethrough is
attached on the supporting plate 254 to rotatably support the upper portion of
15 the screw shaft 232. The lower portion of the screw shaft 232 is rotatably
supported in a bearing unit 260, consisting of a thrust bearing and a radial
bearing, attached in a bearing bracket 258 provided on the connection plate
246 of the guide frame 242. The lower portion of the screw shaft 232 is
passed through the bearing bracket 258 and attached thereto with a rotary
20 encoder 262 for detecting the rotational speed of the screw shaft 232. An
output signal of the rotary encoder 262 is sent to the control system for
feedback.
As shown in Fig. 13, the guide frame 242 is supported to move on a
cross-sectional C-shaped transverse frame 264 in the horizontal direction. The
95 transverse frame 264 is secured to a main frame 266 as shown in Fig. 7. The

transverse frame 264 rotatably supports the transverse drive shaft 134,



17 As shown in Fig. 2, the boiler jack 60 is conposed of a
cylinder 74 as a fi xed outer cylinder nenber, standing up on the upper
face of a box-shaped ram chair 72 placed on a tenporary beam and a
ram 76 inserted in the cylinder 74. The cylinder 74 has a doubl e-wall
structure and acconmmodates the ram76 5 29n the wall thereof to allow the
ram 76 to nove up and down. An oil pressure chanber has a feed oi
chanber 78, placed on the inserting end portion under the bottom face
of the ram 76, and a return oil chanber 80 which is placed on a si de
wal | porti oncaisisting ofiansz@w shaftj thronghl athracket. | Aveansyarsepdnive motorf 268 ds
ram above the feed oil chanber 78. The ram 76 is nmoved up by feeding
worki ng 10 eenndciedta e taddiothe thnsuesse 7igivershafoldd. dbhe trapsvessai digve he

feed oil chanber 78 to feed the working oil into the return oil

chanber 80. shaft 134 is rotateq byoretatiopaldx diving theomader 208; $oathasnther rod) e
A T T O SRR R G D
52, whi | &5 a1 SRRHHGHIh FeRIEroe, i P20 secqiied Oh the, hack ke i idH FAY of
the ram 7. BEHR rddattsh lgé}d&ahc%iﬁ]ge ﬁlévﬁ:gréé,cfsn s&ewed to the transverse drive
shaft 134 (see Fig. 13), and moves in the axis direction with the rotation of the
transverse drive shaft 134, so that the rod attaching/detaching device 68 is
lateraled in the horizontal direction. In the upper portion and the lower portion
10 of the front face of the transverse frame 264, guide rails 272 and 274 parallel to
the transverse drive shaft 134 are provided respectively. Guide bearings 280
and 282, placed on the back face of the guide frame 242 with a upper bracket
276 and a lower bracket 278, are respectively engaged with the guide rails 272
and 274. The load of the attaching/detaching device 68 is supported by the
15 guide bearings 280 and 282. In addition, the lateral movement of the
attaching/detaching device 68 can be smoothly carried out.
As shown in Fig. 16(1), an elevating position sensor 284 for detecting
the elevating position of the rotation unit 138 is placed on the side portion of
the guide frame 242. As shown in Fig. 16(2), the elevating position sensor 284
20 is composed of a pair of photo-couplers 286 and 288 which are arranged in the
vertical direction. The photo-couplers 286 and 288 are respectively secured on
the outer face of the side plate 244 of the guide frame 242 with sensor brackets
290. The photo-couplers 286 and 288 are activated by a striker 294 which is
secured on the outer side face of the side plate 236 of the elevating frame 240
25 with mounting brackets 292. Each mounting bracket 292 of depressed cross-

section is attached to the striker 294 on the inner face of a side wall part 296



the rod, an upper chuck unit 84 is provided on the top end of the ram of

t he jack 60, and a | ower chuck unit 86 is provided in the ramchair 72
pl aced in the | ower portion of the cylinder 74. Figs. 3 to 5 show the
above structure in detail 20 wth the upper chuck unit 84.

Fig. 3 is a sectional view indicated by agpow Ain Fig. 2. Fig. 4 is a
sectional view taken along the CGCline in Fig. 3. Fig. 5is a side

el evati onal vi ew when a sensor bracket 100 (see Fig. 3) is renoved. As
shown in the drawi ngs, the upper chuck unit 84 is provided with an

openi ng at t Hketeefiwhich i$ loq:ajed toward the ofitsadel As shownginl Big: 47a pleal end wofk
11‘3 :cszg g? mlec%Zﬁ%&ﬁ&i}o&%d;ﬁnggﬂbgplsfxgggrtgc; bte?vieét? rg ﬁgm e?]mtttlgg I;J(Er%g;l
18 chucks 90, divided into halves, are nounted to sli
hori zont al | y angl 1ghtjt,q(:§1vmg portion of the photo -couplers 286 and 288 The width of
the end of the striker 294 is similar to the width between a pair of the photo-
5 couplers 286 and 288 which are arranged in the vertically direction. When the
striker 294 moves to above the photo-coupler 286 or when the striker 294
moves to under the photo-coupler 288, the control system stops the lifting.
movement of the rotation unit 138 and raises an alarm.
The rod conveyor device 70, as shown in Fig. 18 and Fig. 19, consists
10 of a conveying frame 730 which is assembled with modules of an upper frame
732, an intermediate frame 734 and a lower frame 736. In addition, an
inverted L-shaped transverse frame 738 is placed in the middle portion of the
upper frame 732 in the vertical direction to extend toward the rod
attaching/detaching device 68 (not shown) so that the end portion of the
15 transverse frame 738 is located under the rod attaching/detaching device 68.
In the conveying frame 730, the upper frame 732, the intermediate frame 734
and the lower frame 736 are screwed to one another vertically, in order from
top, so that the assembly and disassembly are smoothly carried out. In
addition, the length of the transferring route in the vertical direction can be
20 easily changed by placing the intermediate frame 734, having an any given
length, between the upper frame 732 and the lower frame 736 or by changing
the number of intermediate frames 734. The length of transferring route in the
transverse direction (the horizontal direction) can be easily changed also by
adding frame members to the end of the transverse frame 738.
25 In the conveying frame 730, the lower frame 736 is located on the

working floor 42 as the storage place of the suspending rods as shown in Fig. 1.



90 are opened and closed at the divided portion. In order to control the
opening and closing direction of the chucks 90, inverted L-shaped. slide

gui des 92 are arranged along a pair of opposed edges of the chuck base
88, and 5 engaged with both of the side edge portions of each chuck 90.
On the rear edge portion of each chugf 90, a bracket 94 is secured.
Both of the end portions of the bracket 94 are connected to a
hydraulic cylinder 96 for driving the pair of right and left chucks 90
to open and close. The hydraulic cylinder 96 i s positioned above the

upper face pphé itpdnsverdd draihé OBYS (laded unider ithe 1Rt fRand 266uf the rod

contracted along the guiding direction to open and cl ose the chucks 90

with the actawachifg/dsrhingdeeice 68)rihrwhichnhie upper end potionl b thepfransvdrse k
unit 84 has two sem -circular top plates 98 which engage with the neck

portion in tfraneuIp@ndhagigndside ofhFig.t18) hacdelidy spasition forltheeashd. MAe
specifically, the chuck 90 is fornmed to have a half-round recess, 15
havi ng a | armanual jackt 289 tisplacethat the bottomeok eaoh tvesticalsmembieng/Ibef3he on
t he hal f-di vided portion. The chuck 90 is firmy provided with the top
plate 98 5 lowenframet 36 teaadjusivihecheighteafthe convaying frame 38 openi ng
approxi matel y corresponding to the dianeter_of the neck (s fornmed on
the top face port i kirthe lowaxmmpn@fdh@éweam 436 tr@gsteer drive m@t%%@
br acket 100 Capable fomIaYRE hdoth difrstisdnsty PoTvSReL Sogtive pulley T2 i
downvard N L SeR%' 3 GAVE' Shdef 'S i SRoB? 74 Whidh"is' W tfRY 15H5F the '
conveying frame 730. A drive belt 746 is wound on the pulley 742 and a
10 pulley 744 which is rotatably provided to the side portion of the vertical
member 737 of the lower frame 736. Under the pulley 744, a belt tension 749
for adjusting the tension of the drive belt 746 is placed to the vertical member
737 which supports to rotate the pulley 744 with a rotating shaft 748. As
shown in Fig. 19, the rotating shaft 748 attached with the pulley 744 spans
15 across a pair of the vertical members 737 and is thereto secured with a pair of
drive sprockets 750 as a changing direction portion, the sprockets 750
combinedly rotating with the pulley 744. As will be described in detail later, a
conveying chain 752 for transferring the rod 52S as a transferred object is
wound on each drive sprocket 750. On the other side portion of the lower
90 frame 736 which is opposite the side portion provided with the pulley 744, a
control panel 754 having a controller for controlling the conveyor device 70.

A pair of driven sprockets 756 as a changing direction portions are
rotatably attached to the upper end of the transverse frame 738 of the upper
frame 732. A pair of idle sprockets 758 are rotatably attached to the upper

25 base end supported portion of the transverse frame 738. And also, a pair of

tension sprockets 760 are rotatably attached on the periphery of the base end



top plate 98. On the | ower step portion, an open sensor 102 detecting that

the . chucks 90 are opened and a cl ose sensor 104 detecting that the
chucks 90 are 25 <closed are arranged. Note that the | ower chuck unit 86
has a simlar structure to that of the aforenenti oned upper chuck unit
84, but the | ower chuck unit 86 32 .
19 Is provided in the ramchair 72 to chuck the suspending rod 52
under the cyl i nder 74. The boiler jack 60 according to the
enbodi nent is adjusted to allow the length of the rod 52S, conposing

t he suspendi suppostedsportion efopitower transvesse fmmenns 9 f dbevtragsyerse frame7Bor e,
the boiler jack 60 is, structured to have the up- down stroke | onger
than the | enfh® conveyiagduinZs2 weurdh eartherdnvespmockal 7§ girculates Hetween
suspending "t % V%gr]éiﬁgefllooor}gfzt gg tﬁg r(Cx? us?clariarég slgge I?ull rt}?cla dgﬁggry%gsiitignt;lgced
in the end portion of the transverse frame 738 through the sprockets 758, 756,
5 and 760. Incidentally, the idle sprockets 758 are located in the loop formed by
the conveying chain 752 and the tension sprockets 760 are out of the loop.
As shown in Fig. 20, rod carrying members 790 for transferring the
rods 528 are slidably bridged across a pair of the transferring chains 752 with
appropriate spaces from each other along the chain 752.

10 As shown in Fig. 18, a point vertical member 780 composing the
transverse frame 738 is detachably attached with a post 782 and is provided
with a manual jack 784 on the top thereof, so that the end portion of the
transverse frame 738 is extendedly fixed between a supporting floor (not
shown) and the main frame 266 of the rod attaching/detaching device 68. The

15 drive sprocket 750 and the idle sprocket 758 are located on an approximately
diagonal line of the vertical direction of the conveying frame 730. Under the
conveying chain 752 running between the sprockets 750 and 758, a guide rail
786 is oriented along the chain 752. The guide rail 786 prevents the conveying
chain 752 from sagging when the rod 528 as a transferred object is held in the

20 rod holding member 790 attached on the transferring chains 752. The rod
holding member 790 holding the rod 528 is driven to be transferred at any time
by the.transferring chains 752 positioning in the upper.side of Fig. 18. In other
words, when the rod 528 removed from the suspending rod 52 is transferred to
the working floor 42 where the rod container 54 is placed, the conveying chain

25 752 is driven to circulate in a counterclockwise direction of Fig. 18. On the

other hand, when the rod 528 is transferred to the rod attaching/detaching



axis direction. In each rod 52S, a rod head 52B of a larger dianeter is
f.ormed on an upper portion of a rod part 52A. A male screw part 52C is
formed on a 10 |ower portion of the rod part 52A. A fermale screw part 52D
is formed on the side face fornmed in the central portion of the rod
head 52B. The plural rods 52S are scggwed and coupled in the axis
direction by screwing the fenale screw part 52D with the nmal e screw
part 52C of another rod 52S. The rod 52S has a groove 52E for
preventing itself fromfalling, which engages with a 15 projection placed
an engagi ng dewieeob8] like ravhveyingc lthain J6Radhidriyveeto adrdidate in a efodkWeise

peri phery of the top of the rod head 52B. The suspendi ng rod 52
as descri bedduabotien iof Figat8.ed t o support a | oad by being chucked by the
chuck unit. In the boiler jack 60, the upper chuck unit 84 and the

| ower chuck unit 8Asshowin mnBigu2lythewockholding nenties Zhashe rod hadger 325
positioning under the previous rod 52S, and additionally, the state that
t he uppesupprrted byia psis of the sransfearingachainm752 apdi # red retainihg seata794
that the | ower chuck unit 86 supports a |oad. Wien the ram 76 is

changed f5onfgdged on theeapial upppoface; efnthechangst 792¢ ndli brarings796 imseauied
Statc (hat tAB SHHOIPRSR Jake ofithemadseot haniss) bangen 405110 Fiyalally Sgpert an
Fgﬁ;;?lfhgﬁ gﬁ%%?éﬁgphﬂﬁﬁufﬂ%%ﬁ@a%%@%ﬁﬁhg&ﬁhg@Sissup%ggkggn%3x3§p§hh%&%%y
802 attached to the conveying chain 752 with a hook 800 as shown in Fig.
22(1) as a sectional view taken along the N-N line of Fig. 21. In consequence,
10 the rod hanger 792 is slidably supported by the pin 798 via the bearing 796, so
that the rod retaining seat 794 is positioned in the upper portion of the rod
hanger 792 at every position on the convey route.
As shown in Fig. 22(2), both end potions of the rod hanger 792 are
formed to have a vertically-flat quadrate cylinder shape, in which the side
15 bottom portion of each end portion is a higher step than the central bottom face
of each end portion. Each step bottom face 803 is in contact with an upper
face of a guide plate 810 shown in Fig. 21 and Fig. 22, and is guided in the
direction, in which the conveying chain 752 circulates, by the guide plate 810.
Each guide plate 810 is secured on the top face of an end of a supporting
20 member 808 horizontally provided on each opposed face of an upper
transverse member 804 of the transverse frame 738 with a bracket 806. An
opening 812 is formed to receive the rod 528 at the central portion of the side
face of the rod hanger 792. In each side of the opening 812, a screw bolt 814
is passed and screwed in the horizontal direction. A weight 816 is screwed to
25 the screw bolt 814 in order to adjust the balance when the rod 528 is held in
the rod holding member 790. The rod retaining seat 794 has an opening 818 to



20 When the | ower chuck unit 86 is assigned to support the

|.oad of the suspending rod 52, the ram 76 can be noved up by opening

t he upper chuck unit 84, and the rod 52S can be coupl ed or uncoupl ed at
the top end of the suspending rod 52. The plural rods 52S are coupl ed
between the supported 5 position by the B3awer chuck unit 86 and the top
end of the suspending rod 52, so that, especially when the screw ng of
the top rod 52S is released and the top rod 52S i s separated, _
unscrewi ng of the screwing portions positioned under the top rod 52 in

the center h&eeive theged pat f2Aref thehrad 528saha positivancorresponetifig o stiei s
provi ded for stopping the rotation caused between the rod 5252, 10 lifted
up by movi ngORpnIgStaaf the, rashaanges 7924 and 835eap B3P do pace thermodHeead§2B of

portion of t{heeﬂlg isgger 74 and is to_be lifted up after the rod 52S2 (see

Fig. 2), & dhs, perpheryt of the centsa) pertioncofvtlie wertiealidirection afd
detaching t hgher Sgening 8';'1%8
5 On one of the hanger brackets 802 (in the left side of Fig, 22), an

inverted L-shaped striker 822 is secured toward the outside. A pair of holding
member sensors 824 and 826 for detecting the approach of the striker 822
moved by the conveying chain 752 are provided (see Fig. 21). The sensors
824 and 826, each having a light emitting portion and a light receiving portion,
10  are structured with a reflection type photosensor which detects light reflected
from the striker 822, and secured on a sensor bracket 828 standing up on the
bracket 806. The holding member sensor 826 is positioned on the side of the
sensor bracket 828 which is located nearer to the transverse frame 738 than the
other side of the sensor bracket 828 on which the holding member sensor 824
15 is positioned, and detects that the rod 528 delivered from the rod container 54
reaches the delivery position to the attaching/detaching device 68. On the
other hand, the holding member sensor 824 detects that the rod holding
member 790 reaches the delivery position for receiving the rod 52S from the
rod attaching/detaching device 68 when the rod 52S removed from the
20 attaching/detaching device 68 is delivered to the rod container 54. The rod
holding member 790 stops at the delivery position, whereupon another rod
holding member 790 also stops at a rod removing position provided under the

rod conveyor device 70.
From the sensor bracket 822 on the opposite side of the rod holding
25 member 790, a sensor bracket 830 standing up on one of the upper transverse

members 804 is provided. In the upper portion of the sensor brackets 828 and



The frame 66 as a rigid-frame construction, constructed for stably 15
supporting the upright standing jack 60, is provided on the periphery of

t he boiler jack 60 (see Fig. 2), so that the strategic points of the
jack 60 are supported by the frame 66. In the frame 66, defining the
rod 52S2 as an obj ect that is stoppedsgotating, which is directly
coupled to the top of the rod 52S3 which is to be chucked by the upper
chuck unit 84 at the upper portion of the 20 ram 76 noved down, the detent
mechani sm 110 is provided in a transverse beam portion 106 placed at a

positi on of 886, heddiverpfsenber B3R derataiche@dtiviplate a li%l'ltodnitﬁiﬁg pottoafaride
rod 52S2 (see Fig. 6). As shown in Fig. of the sectional view

i ndi cat ed wi fightrecewihig pofiion to corfrontheactetothitr, rsec hartios detetd thats the pedr
of turnable arnms 112. The end portions 25 of the arns 112 are opened and
cl osed by a httdching/detachingddevicd 48 iretdives tthe rod 523rfrem 4hel rpdesenvdyog
t2)|10C ks 116, Eizagilcied%j. %n teggh %gaogl0£)gliﬁ)0r}ls o? gepr}—xiip (g)f (t)t:e upper transverse members
5 804, a sensor bracket 834 is oriented downward, and a receiving sensor 836 is
provided on the lower portion of the sensor bracket 834. The receiving sensor
836 consists of a light emitting portion and a light receiving portion, in which
the horizontal line created in the receiving semsor 836 is positioned to
correspond td that in the delivery sensor 832. Therefore, the lower portion of
10 the male screw part 52C of the rod 52S obstructs the light when the rod
attaching/detaching device 68 places the rod 52S, removed from the
suspending rod 52, on the rod holding member 790, whereby the fact that the
rod 528 is placed on the rod holding member 790 is detected.
In the lower portion of the rod conveyor device 70, a rod removing port
15 is provided in order to remove the rod 52S from the conveyor device 70 or to
furnish the rod 528 to the conveyor device 70. The rod removing port is
formed, for example, in the side of the drive sprocket 750 and in the front side
of the conveyor device 70 which is in the left side of Fig. 18. As shown in Fig.
23, protection covers 838 are attached to a iJair of the vertical members 737,
20 and has a gap 840 so that the rod holding member 790 moves between the
protection covers 838. Above the protection covers 838 on the vertical
members 737, sensor brackets 842 are provided to protrude forward. A rod
detecting sensor 844 consisting of a light emitting portion and a light receiving
portion is attached to the end portions of the sensor brackets 842 for detecting

25 the rod head 52B of the rod 52S (see Fig. 23(2)), whereby it is detected that

the rod 528 is delivered to the rod removing position.



closing, clanp the larger-diametrical rod head 52B of the rod 52S2 with
pressure. For the purpose of opening and closing the pressuring blocks 116
at the center line on the axis of the boiler jack 60, the turnable arm
112 is attached onto a nounting beam 118, arranged parallel to the
transverse beam 5 portion 106, with a tggni ng shaft 120 at sonme m dpoi nt
t hereof, and the end portion of the arm 112, which is in the vicinity
of the hydraulic cylinder 114, is slidably turned in the horizontal in
the transverse beam portion 106. Thereby, a pair of turnable arns 112
clamp the lar ger dimtles embaidiment, thedofleBmaduie Sieis securedt on ithe botioae of a
caused by the draulic cylinder 114 while being guided to turn 10

hori zontal |y et ISQOrmhwﬁ’u isgomposed kf Iastdel‘, shownainsFigr 24 to&ign 26,rsupporteds,
and then stops the whir he top rod 52S1 can be automatically

coupl ed and @¥obupmber Dﬁbmlef]%ﬂk@\ﬁﬂdl Ag shpwminokignahs ferrexempleca pairefthei sm
i ng, o EET000 1 PIR6cd arallel anc Sedow i1 peeieiprraines beighh By thes
21 tachi ngbdcDaLRF 3851@69@%58&?&%53 lagcrals bwand shep 1 i Segdired Grlosisave
any one o L heeaPieal uialhidk bagks SBHL oS bl B b Stk B3 bois
at tachi ng/ oo @@ OVl AT B bt 5L SO oAt
boiler module 56. Each jack installing beam 502 which is secured with the
girder 500 has a working floor 506 having a hand-rail 505 at the side portion
10 thereof. In addition, a joint floor 508 links the jack installing beam 502
secured thereunder with one of the girder 500 to the jack installing beam 502
secured thereunder with the other girder 500, so that the passage between the
jack installing beams 502 can be freely carried out. A hand-rail 510 is
provided on the side portion of the join floor 508 in order to prevent the
15  workers .from having a fall or the like.
When the boiler module 56 secured under the girder 500 is lifted up
and down, each end of the girder 500 is supported by a balancing device 512
which is provided at the lower portion of the suspending rod 52 supported by
the boiler jack 60. In the embodiment, the balancing device 512 is placed to
20 each end portion of each girder 500, and the boiler module 56 is lifted up and
down. Each balancing device 512 has an upper balance beam 516, as a pair of
secondary balance beams, pivotally provided to a suspension-exchanging plate
514 and a lower balance beam 518 located under the upper balance beam 516.
The upper balance beam 516 and the lower balance beam 518 are
25 arranged on a perpendicular line to each other. A pair of the suspension-

exchanging plates 514 for supporting both ends of the lower balance beam 518



20 138 which will be described in detail later is rotated by a rotating
mot or 142 provided with a servo-notor. Additionally, the rotation unit
138 is noved up and down by an elevating notor 144 provided with a
servo-notor as an el evating neans. After the attachi ng/detaching device
68 is noved to and stopped at a positi3gn directly above one of the
boil er jack devices, the 25 attaching/detaching device 68 is noved
downward to grip the rod head 52B of the top rod 52S1 which is |ocated
directly on the rod 52S2 stopped whirling, .
22 and arotpladeshin bpthisidesnof the girdas $00n e Ther lowrargbalanes beagy§ 18 is
wher eby the top rod . 5281 is detached. On the other hand, in a

descendi ng mpiteotally proeidedre thedower portson of gt prspension-exchanging plate Sidd
52, the rod attaching/detaching device 68 deliveggothgirqd %2 1 bei ng
to be coupl edWithyadpins523tand énprsijioped aner she giedgr SU0. A pair of the upper

balance beams 516 are pivotally provided in the upper portion of the

5 suspension-exchanging plate 514 with a pin 520 and are positioned at both

sides of the girder 500. As shown in Fig. 24, both ends of the longitudinal

direction of each upper balance beam 516 are swingingly supported to the

lower portions of the suspending rods 52 which are located along the

longitudinal direction of the girder 500 to be supported by a pair of boiler jacks

10 60 (e.g., the boiler jacks 60A and 60B). The pins 520 and 522, which

respectively and pivotally attach the balance beams 516 and 518 to the

suspension-exchanging plate 5 14., is prevented from sliding out of the balance
beam by a key plate 524, for example, as shown in the pin 522 of Fig. 25.

As shown in Fig. 24, the lower balance beam 518 has a top plate 526, a

15 bottom plate 528 and a pair of side plates 530 linking the top plate 526 to the

bottom plate 528. The lower portion of the suspension-exchanging plate 514 is

inserted between a pair of the side plates 530, and the side plates 530 and the

suspension-exchanging plate 514 are coupled by the pin 522. A number of

reinforcing plates 532 provided between the top plate 526 and the bottom plate

20 528 are placed at strategic points in the longitudinal direction of the side plates

530. On the central upper face of the lower balance beam 518, a load

receiving system 534 for supporting a load of the boiler module 56 which acts

through the girder 500 is provided (see Fig. 25).
The control panel 44 shown in Fig. 1 has a central control system 640
o5 shown in Fig. 27. The central control system 640 connects to a number of (e.g.,

six) local control units 644A, 644B,..., through a communication line 642, and



5 the rod 52S1 to the rod 52S2 stopped whirling, whereby the rods are

coupl ed.
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between the gutput unit 656, and an analog input unit 658, and also a communication unit

10

15

20

25

660 which receives an instruction from the central control system 640 or the
local control unit 644 through the communication line 642 or outputs data or
the like to the control system 640 or the control unit 644 through the
communication line 642.

An output pulse is inputted into the counter unit 650 from a stroke
sensor 662, composed of a linear encoder or a rotary encoder and placed in the
boiler jack 60, and computes the pulse which is outputted from the stroke
sensor 662 by the movement of the ram 76 and outputs the obtained coefficient
as a stroke value (stroke displacement) to the CPU 648. A signal showing the
operating position of the boiler jack 60, a signal showing whether the boiler
jack 60 operates normally or not, and so on, are inputted into the input unit 652.

The output side of the analog output unit 654 is connected to a flow
controlling valve amplifier 664 through a signal line, and converts a digitized
speed of the jack which is outputted from the CPU 648 into an analog signal
and outputs the analog signal to the flow controlling valve amplifier 664 to
control the degree of opening a flow regulating valve 666, as a flow controlling
valve for adjusting the output of the boiler jack 60, through the amplifier 664.
The output side of the output unit 656 is connected to the flow regulating valve

664 and a change-over valve 670 placed on the hydraulic circuit connecting the



spring seat 164 and a fl ange-shaped spring shoe 166 formed on the upper
portion of the slide shaft 156. In the |ower portion of the spring hol der
162, a 25 bearing 168 is placed on the periphery of the spring seat 164 to
rotatably support the slide shaft 156 via the spring seat 164.

23 On the bottomend of thesglide shaft 156, the

at t achi ng/ det achi ng chuck 140 is attached via a spring coupling 170 as
a rotation shaft run-out di spl acenent absorbi ng neans. The
attachi ng/ detaching chuck 140 is an air chuck, and has three grip

claws 172 i nbbiler fjasle 60pand iaohydhalieopumpr 668,280l RWitchek theweitiond offthehe

rod 52S, and a pneunmatic driven part 174 driving the openi ng and
cl osing of tlchangs-pvet valve 670 whonehe moverent! sfotheatini 16 «fthe boiler jadiaso

172, a projection 176 is formed to engage the groove 52E, formed on the
is changed. The analog input unit 658 is connected to a pressure sensor 674
for detecting a load that acts on an equalizer jack 672 provided in the boiler

5 Jjack 60. The analog input unit 658 converts an analog output from the pressure
sensor 674 into a digital signal, and inputs the digital signal as the load that
acts on the boiler jack 60 into the CPU 648.

In the embodiment, the local control unit 644A controls, as shown in
Fig. 27, the hydraulic pumps 668A to 668D which are respectively provided
10 according to a group of the boiler jacks 60A to 60D supporting one balancing
device 512, and allows the hydraulic pumps to carry out a synchronizing
control for equating the stroke displacements (the stroke values) of the boiler
jacks 60A to 60D. The other local control units 644B ... carry out the same
function. The central control system 640 can perform the synchronizing
15 control for more than five boiler jacks 60, and is connected through the
communication line 642 to a control unit for the attaching/detaching device, a

control unit for the conveyor device and so on to control the entire system.
That is, the central control system 640 and each of the local control
units 644 structure a controlling means for carrying out the synchronizing
20  control for the boiler jacks 60, and have a synchronism controller 680 shown in
Fig. 29. The synchronism controller 680 has a jack-operation detecting circuit
681, a reference jack selecting circuit 682 which is connected to the output
side of the jack-operation detecting circuit 681, and an operating state
discerning circuit 686. Into the jack-operation detecting circuit 681, the stroke
25  displacement (the stroke value) of the ram 76 which is obtained on the basis of

the output signal of the stroke sensor 662 by the jack controller 646 provided



rod head 52B of the rod 52S and prevent the grasped rod 52S fromfalling.
On the top face of the pneumatic driven part 174, a rotation detecting
plate 178 for 10 a rotation sensor detecting the rotation of the

at t achi ng/ det achi ng chuck 140, which will be described in detail later,
Is placed in order to |ift up and down thgp rotation unit 138 in
synchroni zation with the rotation of the attachi ng/detaching chuck 140.
Above the spring coupling 170, a distance detecting plate 180 for 15
detecting the anmount of deflection of the conpression spring 160 is secured
to t he sacabediigafa edéld of the thuiler qaeks 60) and ailsa tind signal ofiithé alegred of he
spring hol der 162, a ring support 182 is fixed (see Fig. 9), on which
four spring opemagpufrthbwalge%endstemnmngswheﬁyss thergados aperated atined, and be
opposite the . distance detecting plate 180. The spring expansi on sensors
184, 186, 1sthedlike,zye inpattednsibe jagk-apesation datpeting circwdG81nsendsdhefiaeker

a |linear encoder, a d are positiqgned at. a

. phot osensor. or the like, a
di st ance f r oPVGHET & aeniack, 6f WhICh the daahas beendeg thestrake data; to the
direction of the slide shaft .156.. Each t he . Spring gxpansi on _sensors
et ot s the EIGERRE JaCh BRIECHNE: GHEE! i ehthqnpnts: Ehe JAck shpRes drico dhang
I nputs the detect.ion,sigpal into.a cp ol systemfor 25 <controlling the
at tachi ng/ de?B%rﬁilﬂg S@G%ﬁ%cc(r 1o %‘FﬂWh?ééEach of the spring expansi on

sensors 184 to 190r£h3pgs 10 %\Em%fécttfﬂ% S 3lit B §QeLhe il 5380 Sfving the

minimum displacement of stroke as a reference jack on the basis of the

information from the jack-operation detecting circuit 681 and the operating

10 state discerning circuit 686, and inputs each stroke displacement of the jacks
into a deviation computing circuit 684 oriented toward the output side thereof.
The deviation computing circuit 684 finds and outputs the deviation between
the stroke displacement of the reference jack and the stroke displacement of
the rest of the jacks. The operating state discerm'ng circuit 686 determines

15  whether or not the jack of the input jack number is in a rated operation or the
like; switches a switching circuit 688 connected to the output side of the
deviation computing circuit 684; and inputs the stroke deviation output from
the deviation computing circuit 684 into a comparing and determining circuit
690 or a deviation-zero determining circuit 692.

20 The comparing and determining circuit 690 is connected to a reference
value setting circuit 694, and sends an instruction signal to decrease the output
of the jack of which the deviation exceeds a reference value, to an operation
output changing circuit 696 when the deviation output from the deviation
computing circuit 684 is higher than a reference value (a maximum value)

95 evaluated in the reference value setting circuit 694. The operation output

changing circuit 696 outputs a signal to decrease the degree of opening of the



24 detecting plate 180 becones | ess than a predeterm ned val ue, and
OFF when t he di stance exceeds the determ ned val ue. The .
spring expansi on sensor 184 is for detecting the contracting limt of
t he conpression spring 160, and is activated and turns ON when the 5

di stance between the di stance detecting pl4ate 180 and the sensor 184 is

| ess than a predeterm ned value d[err], whereupon the control system
stops the rotation of the attaching/detaching chuck 140 and rai ses an
alarm Wen the attachi ng/ det achi ng chuck 140 does not suspend the rod

52S, the di sflawcecgulating vabsen666 assigneddodkejack srhickeis conttéBedita delceease
di stance detecting plate 180 10 is defined to be less than a value d[err].
The spring efligaouipoh, todhe gack eenizoleny@46 assignedwith the jark pdiichiivaoninelied,he
di stance between the di stance detecting plate 180, and the, sensor 186
i s | ess t hanWoparecervingr2 |signalefrepy cagpatignand mefemaiping circuitg@9@nhadyes
'nto the G:Foi))glsaitltoinogut\f)lflll(ta rl:lfaﬂ&n% gllrggi(t: GGQ%G%V%SQ t Q (]aaci ?151%1 et of the jack, of
5 which the operation state is changed, and the operation state on an operation-
state storing circuit 698, and sends a signal to start the computing of time to a
time computation writing circuit 700.
The time computation writing circuit 700 finds the time that elapsed
since the signal was received from the operation output changing circuit 696,
10 from the output of a timer 702 connected to the circuit 700, and writes the
obtained time on the operation-state storing circuit 698 in correspondence to
the jack mumber written on the operation-state storing circuit 698 by the
operation output changing circuit 696. The data written on the operation-state
storing circuit 698 are used for discriminating the operation state in the
15 operating state discerning circuit 686, and are read by the operation output
changing circuit 696. The operation output changing circuit 696 outputs a
command signal to recover the output of the controlled jack when the
deviation-zero determining circuit 692 determines that the deviation found by
the deviation computing circuit 684 is zero. When the deviation is not zero,
20 the operation output changing circuit 696 reads the time written on the
operating-state storing circuit 698, and outputs the command signal to further
decrease the output when the read time is longer than a predetermined time
period.
As shown in Fig. 30, the operation instruction signal output from the
95 operation output changing circuit 696 is sent out through a communication unit

706 in the side of the central control system 640 (or the local control unit 644)



detecting plate 180 and the sensor 188 further drops |l ess than a
predetermned 15 value d[err], for exanple nore than di1+5 nm in
consequence whereof the conpression spring 160 is stretched out by the
wei ght produced when the attachi ng/ det achi ng chuck 140 grasps and
suspends the rod 52S. As will be descygp bed | ater, the control system
decreases the ascendi ng speed of the rotation unit 138 when the spring
expansi on sensor 188 is in the OFF position 20 in the uncoupling step of
the rod 52S, whereas the control systemincreases the descendi ng speed
of the rot atiootheucommifBcation lime 642p| The operationf instractionl sigifl is readbyl the he
spring expansi on sensor 190 is for detecting the expanding limt of the
conpr essi on €U 648 xdfthe jack contigher 646 throughalie genshuhisatianamit 660 efsheince
bet ween the di stance detecting plate 180 and the sensor 190 exceeds a 25
pr edet er m nefrckagansralles 646 assignesliwith thegack eontrolledstBie §F3)S48neutpytsad i on
of the attachi ng/ detachi ng ¢chuck 140 and rai ses an al ar r% .
o5 jack speed signal responding to the operation instruction to the flow controlling
5 valve amplifier 664 through the analog output unit 654 to adjust the degree of
opening of the flow regulating valve 666 in order to control the output of the
boiler jack 60. A jack stroke value output from the counter unit 650 is read by
the CPU 648. The CPU 648 inputs the jack stroke value through the
communication unit 660, the communication line 642 and the communication
10 unit 706 into the synchronism controller 680 of the central control system 640
and the local control unit 644.
The following is the operation of the lifting jack system, structured as

described thus far, according to the embodiment.

15  Lifting-up of the suspending rod and Detaching of the rod
The ascending mode for lifting up the boiler module 56 will be
described with reference to schematic views of Fig. 31 to Fig. 33 and flow
charts of Fig. 34 and Fig. 35. As shown in Fig. 31(1), in the initial state, the
lower chuck unit 86 of the boiler jack 60 is in a closing state, so that the
20 suspending rod 52 suspending the boiler module 56 as a lifted body is
supported by the lower chuck unit 86. When the boiler module 56 is lifted up,
the upper chuck unit 84 is closed, and at the same time, the lower chuck unit
86 is opened, and the neck portion of the rod 52S2, located directly beneath
the top rod 52S1 detached, is supported. |
25 That is, the control unit for the attaching/detaching device (not shown)

receives a start instruction for the ascending mode, whereupon the control unit



The rotation detecting plate 178 is structured as shown in Fig. 10, in

whi ch plural (six in the enbodinent) rotation detecting slots 192 are
opened to be spaced 60 degrees from each other about the center of the
plate 178 on the margin of the plate 178. The rotation detecting plate
178 is shaped in an arc- 5 shaped oval aBong the circunferential edge of
the rotation detecting plate 178. In addition, plural (three in the
enbodi ment) basic point holes 194 are forned on the rotation detecting
plate 178. The basic point holes 194 are arranged to be spaced 120
degr ees fromopetatesialpair afithe hytrmuhentydindefs Paofrthe atppen chuck umitt 84 shawn
plate 178, each of the holes 194 being formed at a position closer to 10
the center ofintlig. Bdoarstract dbe eylindey pdcht hereby,the epanedochudksn9@ andctopng
slots 192 and at a position corresponding to the mddle point of the

rotation  plafes 8 ategzuwided bygtheislidergnifen §Rtaanave tevart eacth othgrdse thate
o pont 1 ofbbbBatnss SLascmored it boge b e LB A A Ve
Fof br ancesnoRE alofie R B Roderseied by obNiBr e qiosk sEsor dPs. e
ot o s onCoPE R CHBLE Shd et oL R OBl . g 4 SBGER
R Forati on T Cob RS e 36 RSHR 0k By Vi e AR O Bertp FCHS AR,

to the head 52B. After that, the control unit operates the lower chuck unit 86

to extend the cylinder rod of the hydraulic cylinder 96. Thereby, the chucks 90

10 and the top plates 98 of the lower chuck unit 86 are moved to be away from
each other, so that the load of the suspending rod 52 shifts to the upper chuck
unit 84 by opening the chucks 90 of the lower chuck unit 86. The opening of
the chucks 90 of the lower chuck unit 86 is detected by OFF of the open sensor
102.

15 As shown in Fig. 31(2), after the load of the suspending rod 52 shifts to
the upper chuck unit 84, the ram 76 is continuously driven to move up to reach
the up-end, whereby the upper chuck unit 84 pushes up the larger diametrical
head 52B of the chucked rod 5252 to an operation position of the detent
mechanism 110 (Fig. 31 (3)). After the ram 76 reaches the up-end, the load of

20 the suspending rod 52 is shifted to the lower chuck unit 86 by closing the lower
chuck unit 86 and moving down the ram 76. The above action is checked by
detecting the down-movement of the ram 76 of a little more than 10 mm. The
detent mechanism 110 is actuated with the shifting of load, to control the rod
5282 located beneath the top as shown in Fig. 31 (4).

25 More specifically, when the head 52B of the rod 5282 reaches the

operation position of the detent mechanism 110, the control unit operates the



20 OFF ("L") signal, outputted fromthe rotation detecting sensor 196 when
_the rotation detecting plate 178 rotates a turn at a fixed speed, is
defined as 50% As shown in Fig. 11, the rotation detecting
sensor 196 and the basic poi nt sensor 198 are attached on an nounting
bracket 200 secured on the upper faceqpf a steady plate 199. The steady
plate 199 has an arc shape shorter than 25 a semcircle and is secured on
t he upper face of a flange portion 202 of the pneumatic driven part 174
to avoid the vibration, caused by the rotation of the
26 at hpdtautig/ajdindehil g showakinlBip. 6 to extemd thet cylmdartrodatuane dly epdat e
204 secured . on the flange portion 202 opposite the steady plate 199.
On the out er pedtmspefithe dumabie atas 41 24dywapd gach oflgg; stops{brakes) tha rotgtion
pl ates 206 stand at both sides of the attaching/detaching chuck 140 in the
of the rod 5282 to clamp the head 52B with the pressuring blocks 116
respectively located to the ends of the turnable arms 112. The rear side of the
5 turnable arms 112 move above a clamping sensor 132, and the clamping sensor
132 changes into the ON position, whereby it is detected that the pressuring
blocks 116 clamps the head 52B of the rod. Therefore, even when a number of
rod coupling portions are between the lower chuck unit 86 as a load receiving
part and the rod 52S2 under the braking, the rotation of the rods is obstructed
10  at the above clamping position.
As shown in Fig. 31 (4), the detaching operation for the top rod 52S1
directly on the rod 52S2 under the braking is carried out, and simultaneously,
the ram 76 is moved down to return to the starting point for the next moving-up
drive. The rod can be detached by hand, but, as shown in Fig. 32(1), the rod
15 5281 may be rotated in a direction to release the screwing while being moved
up by the aforementioned rod attaching/detaching device 68, and conveyed to
the rod container 54 for storing by the conveyor device 70.
More specifically, the control unit moves up the ram 76 of the boiler
jack 60 while driving the transverse drive motor 268; and, as shown in Step
20 300 of Fig. 34, moves the attaching/detaching chuck 140 of the rod
attaching/detaching device 68 to the position above the rod 52S1 to be
detached. The detent mechanism 110 carries out the braking for the rod 5252,
whereupon the elevating motor 144 of the attaching/detaching device 68 is
driven to move down the rotation unit 138. At this time, the control unit drives
25 the rotating motor 142 so that one of the reference hole of home positions 194

is moved directly onto the home position detecting sensor 198. The rotation



5 dianeter direction. Steady guides 208 are respectively attached to the
rmounting plates 206 to orient toward the outside, and engaged w th guiding
grooves formed on rectangul ar cylinder-shaped gui de supports 210 | ocated at
the both sides of the attaching/detaching chuck 140 to avoid the vibration

of t he attachi ng/ detachi ng chuck 14@5and gui de the vertical novenent
of the 10 attaching/detaching chuck 140 al ong the guide support 210. As
shown in Fig. 9, a pair of the guide supports 210 are secured to the
side portion of the casing 152 via a fixing bracket 212 at the

end porti onuniteh3Sots moved down in therguide frame r24aredOpg the gnidsf radl 248 bydﬁet he
st eady gui de 208, sensor nmounting. rin 4 shown in detail in Fig
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OFF position when the grip claws 172 no ackwar
whereupon the control unit decreases the descending speed of the

10 attaching/detaching chuck 140. The tight sensor 230 changes into the OFF

position, thereby it is determined that the attaching/detaching chuck 140 is
moved down to the grip position for the rod 52S1. And the rotation unit 138 is
stopped moving down (steps 302 and 304 in Fig. 34). After that, the control
unit operates the pneumatic driven part 174 of the attaching/detaching chuck

15 140 to close the three grip claws 172 for gripping the head 52B (step 306).
The grip sensor 220 placed in the upper portion of the sensor mounting ring
214 changes into the ON position, whereby the completion of the gripping
process is detected. At this time, the projection 176 formed on the grip claw
172 1s engaged with the groove 52E of the head 52B to prevent the rod 52S1

20 from dropping when the rod 52S is separated and suspended by the
attaching/detaching chuck 140 (see Fig. 8).

After the completion of the gripping process of the attaching/detaching
chuck 140 for the rod 5281, as indicated with an arrow 340 in Fig. 32(1), the
attaching/detaching chuck 140 is rotated in a direction to release the screwing

25 between the top rod 5251 and the rod 5252 clamped by the detent mechanism

110, and simultaneously, the elevating motor 144 is rotated in reverse to



between the light emtting portion and the |light receiving portion.

27 In the lower end portion of the sensor nounting ring 214,
a pair of not ches 224 are formed. A bracket 226 secured to the steady
gui de 208 via the notch 224 is projected inside the sensor nounting
ring 214. At the ends of the bracket 46226, a head detecting sensor 227
for detecting the novenent of the 5 head 52B of the rod 52S into the grip
claws 172 of the attaching/detaching chuck 140 is attached to confront
each ot her.

The head detecting sensor 227, consisting of a light
Waiilatrlb,m

enitting posynchromize with the retetienointhepaitachong/detaching ebuck 140a

the center to either side of the attachi ng/detaching chuck 140 as

from the tophe Aptajion HBItsEIR ds meNasd vpoatr 2 ipesd scorsespogriing sa dbe spgedial 10

secured to each, of the

10

16

20

25

which the rod %tzgaid}/s %Hiscdrgxsve%lofstg;i) agl%)br i3 ksetzap2 £ %h% ggli:l]tfrg unit
determines whether the rod 5281 is separated from the rod 5252 located
directly beneath the rod 5251 or not. |

More specifically, the control unit reads the output signal from the
attaching/detaching sensor 124 (see Fig. 6) located on the side portion of the
detent mechanism 110; watches whether the attaching/detaching sensor 124 is
in the ON position or not; and determines whether the rod 52S1 is separated
from the next rod 5252. When the attaching/detaching sensor 124 is not in the
ON position, the control unit returns to step 308 due to the determination that
the rod 5281 is not still separated, and repeats the processes in steps 308 and
310. When the sensors 124A to 124C are ON and also the sensor 124D is ON,
it is determined that the rod 5281 is completely separated from the next rod
5282, so that the attaching/detaching chuck 140 is moved up to the convey
position as shown in Fig. 32(2) (step 314), and then, in step 316, the detached
rod 5281 is delivered to the rod conveyor device 70 (see Figs. 32(3) and (4)).

After the rod 5281 is separated from the rod 52S2, the hydraulic
cylinder 114 of the detent mechanism 110 is actuated, so that the cylinder rod
is retracted and the turnable arm 112 is turned in a direction to release the
braking, thereby the clamping and braking for the rod 52S2 is released as
shown in Fig. 32(2). The rear portion of the turpable arm 112 is turnably
moved above a braking release sensor 130, so that the release of the braking is
detected by the braking release sensor 130. During the release of the braking
by the detent mechanism 110, the upper chuck unit 84 is closed, and
additionally, the load of the suspending rod 52 is shifted to the upper chuck

seen

nt ,each



other (see Fig. 9). The tight sensor 230 consists of a light emtting
portion and a light receiving portion, and is placed parallel to the
head detecting sensor 227 along a linearly symretrical position to the
head detecting sensor 227 with respect to the center of the
attachi ng/ detachi ng chuck 140 as seen fromzhe top. 15 And additionally,
the tight sensor 230 detects that the upper end of the grip claw 172 of
the attaching/detaching chuck 140, namely, the slide face of the grip
claw 172 gets in_contact with the top face of the rod heat 52B of the rod
52S. " The contuftit 8ddnvibersanie vedy as descrabed abhee,gso that! thes raf® 76naf theeboiler
head 152B i s ﬂetected wher eby the down- novenent of the

at t achi ng/ detaekp gsuwortéﬁh@ﬁuspnndmg t¢d152ﬁbm\@hihch@pcrohudgunne&ht i on of

the grip claws 172 permtted shown in Fig. 13, the
r ot atgl on unit 138 ﬁﬁ%ﬁ@‘é&ﬁﬁ@ rag 76 pushesup the SE%F@W&B&\I\N 5 2etosmoe ughtlte

22 3 g5 B T80T el Shd oS dfn e
Co The nub 2340 iig” Balh)s, Wik thei ate 78 1epehs the tafh endonn dessribed above,
the control unit closes the Iower chuck unit 86, and moves down the ram 76
slightly to shift the load of the suspending rod 52 to the lower chuck unit 86
(Fig. 33(1)). After the Joad of the suspending rod 52 is supported by the lower
chuck unit 86, the upper chuck unit 84 is opened, and then the detent
10 mechanism 110 is operated again to clamp the head 52B of the rod 528 in
order to carry out the braking for the rod 5283 (Fig. 33(2)).
On the other hand, after the rod attaching/detaching device 68
completes to deliver the rod 52S1 to the rod conveyor device 70, as shown in
Fig. 33(1), the rod attaching/detaching device 68 is moved to above the next
15 rod 5232 for detaching the rod 52S2. The conveyor device 70 delivers the rod
5181, received from the rod attaching/detaching device 68, to a place where
the rod container 54 1s located to store the rod 5181 as shown in Fig. 33(2). In
the attaching/detaching device 68, as described above, the rotation unit 138 is
moved down, and the attaching/detaching chuck 140 grips the head 52B of the
20 rod 5252 (Fig. 33(3)). After that, the processes beyond Fig. 32(1) are repeated.
The control for the ascending speed of the rotation unit 138 in step 310
of Fig. 34 is carried out as shown in Fig. 35.
As shown in step 320, the control unit reads an output signal of the
rotation detecting sensor 196; obtains the rotational speed of the
25  attaching/detaching chuck 140 (step 320); and computes the ascending speed
of the attaching/detaching chuck 140 from screw pitch of the screw part



28 138 is secured to the elevating frane 240. The el evating frane

240 i s ~vertically novable with respect to a cross-sectional G shaped
gui de frame 242. The guide frame 242 has a pair of side plates
244 and a connection plate 246 joining the side plates 244. Cuide
rails 248 are oriented in the 5 verticalggdirection of the opposed inner
faces of the side faces 244. Each guide rail 248 engages gui de

beari ngs 250, attached on the upper and | ower portions of the outer

face of each side plate 236 of the elevating frame 240. The gui de

bearing 250 ifsrmged dadhbyrod52S)(stelp 322)) PHSconthel wtiy drives the alavatingnotor38s
IS vertically novabl e along the guide frame 242 through the elevating
frame 240. 1044 on basis: of uhdecasoeading? spedth ofathevattaching/detaching shucksbiGt

t he upper end t hereof, the elevating notor 144 being secured on the
not or nount i cgMpuied above; ERRIVessr detegtionsignalfdem thearotaryoenaeden 262 apdat e
252, a supporting plate 254 isfpl aced. A support unit 256 passed with
a screw shaf contipls ther mtationa)speed of thelewatingimator hd4 o peve iupgths) entireos4
to rotatably support th pper portion of 15 the screw shaft 232. The

| oner por bi oACRfIODHENK %glaéh%f eodocoordinatyig, pyith the asgen $pged of the

bearing unit a gghin%?&e%gﬁihg%h%kamtﬂh{s esﬁ 3533.r iA}gth?sngmae, rtﬁg id%lviation between

the ascending speed of the attaching/detaching chuck 140 when the rod 5281 is

rotated and detached from the rod 52S2, and the ascending speed of the
rotation unit 138 by the elevating motor 144 is absorbed by the expansion and
10 contraction of the compression spring 160 constituting a shaft direction
displacement absorbing means. The control unit reads an output signal of the
spring expansion sensor 186 (see Fig. 9), and determines whether the sensor
186 is in the ON position or not (step 326). When the spring expansion sensor
186 is ON, the control unit determines that the distance between the distance
15  detecting plate 180 and the spring expansion sensor 186 is less than d,, since
the ascending speed of the attaching/detaching chuck 140 is higher than the
ascending speed of the rotation unit 138, so that the compression spring 160 is
extremely compressed. Accordingly, after the rotational speed of the elevating
motor 144 is increased for a predetermined amount to increase the ascending
20 speed of the rotation unit 138 (step 328), the control unit goes to step 330.
When the spring expansion sensor 186 is not in the ON position, the control

unit goes from step 326 to step 330.
In step 330, the control unit reads an output signal of the spring
expansion sensor 188, and checks whether the sensor 188 is in the OFF
95 position or not. When the spring expansion sensor 188 is OFF, the contro] unit

determines that the distance detecting plate 180 is more than distance d, + 5



bearing, attached in.a bearing bracket 258 provided on the connection plate
246 of the guide frame 242. The | ower portion of the screw shaft 232 is
passed t hrough the bearing bracket 258 and attached thereto with a rotary
20 encoder 262 for detecting the rotati dhal speed of the screw shaft 232.
An out put signal of the rotary encoder 262 is sent to the control
system for f eedback. As shown in Fig. 13, the guide frane
242 is supported to nmove on a cross-sectional C-shaped transverse frane
264 in the mowidiganes fiomdbe |smng1m>azsmrt sensov diéSesincarthe xacendingesprast t o
a main frame_ 266 as shown in Fig transverse frame 264 rotatably

supports t hef th%ﬁ%@ngg’d@ﬁqc&@g ﬁhtp@k 1§Q is significantly slower than the ascending

29 consi st of a screw aft, through a br,acket, ansver se
drive mot orSpess okt & rotation unit If so that the c%mpressmn spring 166 1S stretched

out. In consequence, the ascending speed of the rotation unit 138 is decreased
5 for a predetermined amount, and then the process for speed control is
completed. In step 330, when the spring expansion sensor 188 is not in the
OFF position, it is determined that the ascending speed of the rotation unit 138
is within the proper range, and the process for speed control is completed and

the control unit goes to step 312 in Fig. 34.

10
Coupling the rods and Lifting down the suspending rod
When the suspending rod 52 is lifted down while the rod 528 is
coupled to the top of the suspending rod 52, the operation is carried out as
follows.
15 In the initial stage when the rods 52S are coupled, as shown in Fig.

36(1), the attaching/detaching chuck 140 of the rod attaching/detaching device

68 is positioned at a rod delivery position of the rod conveyor device 70. The

upper chuck unit 84 is opened, and the lower chuck unit 86 is closed and

supports the load of the suspending rod 52. The rod 52S2 located at the top of

20 the suspending rod 52 is clamped at the head 52B thereof by the pressuring
block 116 of the detent mechanism 110 so as to be under the braking.

In the above state, the rod 52S1 which is to be coupled onto the rod

5282 is transferred onto the rod conveyor device 70 from the rod container 54

to be conveyed under the attaching/detaching chuck 140 (Figs. 36(2) and (3)).

25 The control unit moves up the ram 76 of the boiler jack 60; moves the upper

chuck unit 84 to the neck portion of the rod 52S2; and closes the upper chuck



connected to the end of the transverse drive shaft 134. The transverse
drive shaft 134 is rotated hy rotationally driving the notor 268, so
that the rod attachi ng/ det achi ng device 68 is noved in the horizontal
direction. More 5 specifically, a transverse nut 270, secured on the back
face of the guide frame 242 of the rag attachi ng/ detachi ng device 68,
Is screwed to the transverse drive shaft 134 (see Fig. 13), and noves
in the axis direction with the rotation of the transverse drive shaft
134, so that the rod attachi ng/detaching device 68 is | ateraled in the

hori zontal dinnéc84 an.ortler todeujipprepacatiore forrsteiviagthedoad oft thersukPendingt he
front face of the transverse frane 264, guide rails 272 and 274 parallel to

the transver sed &2 vAfiendhe controhumitpaltorsi eb attaging/detd chingchoek 148 ofiie
280 and 282, placed on the back face of the guide frane 242 with a
upper brac kelattaChlngédma@?ﬂﬂgaieIaneﬁS bo gripahe head 52Beof theprect 5281 YFien G6(4Y),
with the gui d]&qual | s and 274. The |l oad of the attaching/detaching
device 68 is 5W9b3nlﬁ>dfi‘f¢§ the trapsveesendrive maptop208todtrassfer thenradi2Sion,
the | ateral ﬁ % da achi ng/ det achi ng devi ce_ 68 can be
smoot hly &ar 16 8oy, the Suspendmg rod >4 ag shown in Figg37 &e((iiﬁp 30 & Eiga3%Ng

Cotation uni i 135 MG BAE oA ut v the Giewating foton |4 9 move dorn
composed of I, Qﬁt@lﬂ?‘gféﬁ?&%ﬂ% e LB SnER Shes lAriDR it 148 gl e
o e ofte TRk ¥ CReVaf L, B7C3h AR G chife et R R A
Se”SOV br ackgigved down to until the (lower) end of the male screw part 52C of the rod
10 5281, gripped by the chuck 140, confronts the female screw part 52D of the
rod 5282, and the rod 52S1 is set on the rod 52S2. That is, the control unit
watches an output signal from the attaching/detaching sensor 124C. The
output of the sensor 124C changes to OFF, whereby the control unit detects
that the male screw part 52C of the rod 5251 is faced to the female screw part
15 52D of the rod 52S2 and the rod 52S1 is moved down to the coupling position
and set on the rod 52S2, and stops the downward movement of the rotation
unit 138 (step 354).
~ Next, while the downward movement of the rotation unit 138 is
stopped, as indicated with an arrow 342 of Fig. 37(3), the control unit rotates
20 the rotating motor 142 in a direction to screw the rods 5251 and 52S2 to each
other at a low speed (e.g., 50 rpm when screw pitch is 12 mm) to rotate the
attaching/detaching chuck 140 one turn (step 356). The control unit finds load
torque of the rotating motor 142 from a drive current of the rotating motor 142;
watches an output signal of the spring expansion sensor 188; and determines
25 whether the screw parts of both of the rods 52S1 and 52S2 are engaged with
each other or not (step 358).



290. The photo-couplers 286 and 288 are activated by a striker 294 which is
secured. on the outer side face of the side plate 236 of the elevating frane
240 25 with mounting brackets 292. Each nounting bracket 292 of depressed
Cross- section is attached to the striker 294 on the inner face of a
side wall part 296 51 30
thereof which is |ocated toward the outside. As shown in Fig. 17, the end
of the inverted L-shaped striker 294 is inserted between a |ight
emtting portion and a light receiving portion of the photo-couplers
286 and 288. The wM@re specifically; the wdiS251 soeeves dpwawardas thessosewepart oft he

w dth between a paiLr _of. the photo- . 5 couplers 286 and 288 which are
arranged in PEP2ds bping engagesh, Thn&fgr%éhe attaching/detachog MM@

oo e P RSB hetwant i s ScDls 7 ¥ oovemel PO id S, "
and is being moved down while stretching out the compression spring 160
5 through the slide shaft 156. In consequence, the distance detecting plate 180
secured to the slide shaft 156 is moved together with the slide shaft 156, and
the output of the spring expansion sensor 188 changes to OFF when the
distance between the spring expansion sensor 188 and the distance detecting
plate 180 exceeds the d, + 5 mm. The expansion sensor 188 changes into the

10 OFF position, whereby the control unit determines that the screw parts of both
of the rods 5281 and 5282 are engaged (screwed) with each other. Since the
rods 5251 and 5252 are moved down in the state that the rod 52S1 is pulled
upward by the compression spring 160, both of the screw parts of the rods are
screwed with each other by using back-lash of the screw faces.

15 When the control unit determines that the screw parts of both of the
rods are not engaged, the control unit goes to step 360 to detect whether the
obtained load torque of the rotating motor 142 is less than a predetermined
value or not. When the torque is less than the predetermined value, returning
to step 356, the attaching/detaching chuck 140 is continued to be rotated at a

20 low speed. Instep 360, when the load torque of the rotating motor 142 is more
than the predetermined value, the control unit determines that the screw parts
of both the rods 52S1 and 52S2 are not engaged and drag is occurring, and
stops the drive of the rotating motor 142, and alerts an operator to the
irregularity by an alarm (step 362).

25 It should be mentioned that even when the rod 52S1 is set on the rod

5252 with its axis being slightly deviated, the attaching/detaching chuck 140 is



novenent of the rotation unit 138 and raises an alarm The rod
conveyor device 70, .as shown in Fig. 18 and Fig. 19, consists 10 of a
conveying frame 730 which is assenbl ed with nodul es of an upper frane

732, an internmediate frame 734 and a lower frane 736. In addition, an

i nverted L-shaped transverse frane 738 is 32 aced in the mddl e portion of

t he upper frame 732 in the vertical direction to extend toward the rod
attachi ng/ det achi ng device 68 (not shown) so that the end portion of the 15
transverse frame 738 is |ocated under the rod attachi ng/ detaching device

68. I n tSHPPedadein gy oseaillatingostater dyusherspiringreonplingt h‘é{);h soethatdilet e
frame 734 and the |ower frane 736 are screwed to one anot her
vertical ly, deviatips Of thgnyotation shaft is cabtsaehed b the springycouplingi K20, shataby

t hi ed out t he | ngth of thetransferrlng
‘?‘Lﬁté”}’ﬁ th)é %rs'rsf%|Pa§'isr%ﬁheowd§a§2 852&5@?@/ graneRihlp pngaged. nyVhers
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attaching/detaching chuck 140 gripping the rod 52S1 is supported in an
oscillating state by the spring coupling 170, so that when the

10  attaching/detaching chuck 140 is rotated at a slow speed, a lower taper face of
the male screw part of the rod 5281 is slipped into a upper taper face of the
female screw part of the rod 52S2, thereby both of the axes are naturally
aligned.

Confirming that the screw parts of the rods 52S1 and 52S2 are engaged

15 with each other in step 358, the control unit rotates the attaching/detaching
chuck 140 at a predetermined speed in a direction of screwing (step 364). The
elevating motor 144 is driven in correspondence to the descending speed of the
attaching/detaching chuck 140 by screwing the rod 52S1 downward, and the
descending speed of the rotation unit 138 is controlled (step 366). Whether or

20  not the rods 5281 and 52S2 are completely coupled to each other is determined
(step 368).

Where screw pitch is, for example, 12 mm, the rotational speed of the
attaching/detaching chuck 140 has a speed at which the descending speed of
the attaching/detaching chuck 140 is approximately 600 mm/min.. Whether the

25 rods are completely coupled or not is determined, when the attaching/detaching

sensors 124A and 124C (see Fig. 6) are in the OFF position and the load



31 The transverse frame 738 is placed under the main franme 266 of the

rod attachi ng/ det achi ng device 68, in which the upper end potion of the
transverse frame 738 (the right side of Fig. 18) is a delivery position
for the rod. A manual jack 739 is placed at the bottom of each verti cal
menber 737 of the 5 lower frame 736 to adjsgst the height of the conveying
frame 730. In the lower portion of the lower frame 736, a
transfer drive notor 740 capabl e of rotating in both directions is
provided. A drive pulley 742 is secured to a drive shaft of the notor

740 whi ch i sterquenaf the cotatingt motor 142oexeneding fr setevalde . isAdetected. bdhtthé46
is wound on the pulley 742 and a 10 pulley 744 which is rotatably
provi ded to tmbasinenfdheiconplingistate iedetertiéd by tweesdnsors 324 Af anchéZ#Gleo
frame 736. Under the pulley 744, a belt tension 749 for adjusting the
t ensi on of t H@tmenewgéntanqu of thexsensors 1244 erd (1244 isvimther OFF position
by reason of vibration, oscillation or the like, the completion of the coupling is
5 not determined, resulting in the improved reliability of the apparatus.

In step 368, when the coupling of the rods 52S1 and 52S2 is not
completed, the control unit returns to step 364 to control the rotation and the
downward movement of the attaching/detaching chuck 140. When the
coupling is completed, the control unit goes to step 370 to stop the rotation of

10 the attaching/detaching chuck 140 and the downward movement of the rotating
unit 138. After that, as shown in Fig. 37(4), the control unit opens the
attaching/detaching chuck 140, and moves up the chuck 140 to the convey
position for the rod 52S (step 372), and then the coupling control for the rod
528 is completed. | |

15 The control for the descending speed of the rotation unit 138 in the
coupling of the rods is carried out as shown in Fig. 40. The contro! unit
computes the rotational speed of the attaching/detaching chuck 140 from an
output signal form the rotation detecting sensor 196, and computes the
descending speed of the attaching/detaching chuck 140 (steps 380 and 382).

20 The control unit drives the elevating motor 144 to move down the rotation unit
138 at a speed commensurate with the descending speed of the
attaching/detaching chuck 140. At this time, the control unit watches the
output signals from the spring expansion sensors 188 and 186 (see Fig. 9), and
controls the descending speed of the rotation unit 138 and the descending

25 speed of the attaching/detaching speed not to differ from each other.

More specifically, as shown in step 386, the control umit checks



737 whi ch supports to rotate the pulley 744 with a rotating shaft 748. As
shown in Fig. 19, the rotating shaft 748 attached with the pulley 744 spans
15 across a pair of the vertical nmenbers 737 and is thereto secured with a

pair of drive sprockets 750 as a changing direction portion, the
sprockets 750 conbinedly rotating witdgthe pulley 744. As wll be
described in detail later, a conveying chain 752 for transferring the
rod 52S as a transferred object is wound on each drive sprocket 750. On

the other side portion of the lower 20 franme 736 which is opposite the

si de porti orwhether dbel spiing expangioh|sepsor488ds in the QHF pbsitiometr A6 Wehémg a
controller for controlling the conveyor device 70. A pair of
driven sprocthetsprirgseypansiemaensorgl88 is QFBnit ds rdetenmined dhat ther dcmeaxﬂmg
attached to the upper end of the transverse franme 738 of the upper

frame 732. /SReer 0bfihe oEatip vBiel 88 Tiscslaners et s feseerdeng speed 0feipper

25 base end supported portion_of the transverse frane, 738. And al so

pair of atéarénwdgﬁrc mgehuckst# rand; the gomprpssion sprag 190 tsrsérqs qd)ﬂetr y

of the be%se ’Fﬂe control unit increases the rotational speed of the elevating motor 144 for a
predetermined amount to increase the descending speed of the rotation unit 138
as shown in step 388, and goes to step 390. When it is determined that the
spring expansion sensor 188 is not OFF in step 386, the control unit goes to
step 390 to check whether the spring expansion sensor 186 is ON or not.

10 When the spring expansion sensor 186 is ON, it is determined that the
descending speed of the rotation unit 138 is higher than the descending speed
of the attaching/detaching chuck 140, so that the descending speed of the
rotation unit 138 is decreased for a predetermined amount (step 392), and the
processes for controlling the descending speed is completed. When the spring

15 expansion sensor 186 is not ON in step 390, the control unit determines that
the descending speed of the rotation unit 138 is normal, and completes the
processes.

The control unit opens and mbves up the attaching/detaching chuck 140
to the predetermined position after the coupling of the rod 52S1, and opens the

20 lower chuck unit 86 and shifts the load of the suspending rod 52 to the upper
lower chuck unit 84. After that, the control unit activates the hydraulic
cylihder 114 of the detent mechanism 110 for releasing the braking applied to
the rod 5252, and moves down the ram 76 of the boiler jack 60 to lift down the
suspending rod 52. When the suspending rod 52 is lifted down to a position

25 which the head 52B of the rod 52S1 reaches in the vicinity of the braking

position of the detent mechanism 110, the lower chuck unit 86 is closed and



32 supported portion of a |lower transverse frame 759 of the

transverse frane 738. The conveying chain 752 wound on the drive
sprocket 750 circul ates between the working floor 42 as the rod
storage place and the delivery position placed in the end portion of

the transverse frame 738 through the sprogkgets 758, 756, 5 and 760.
Incidentally, the idle sprockets 758 are located in the | oop fornmed by

t he conveying chain 752 and the tension sprockets 760 are out of the | oop.
As shown in Fig. 20, rod carrying nmenbers 790 for transferring the

rods 52S ar e theildabof the isuspehding osd 52 isaihified to fike lowes thuck naitc8Gi P5fid52
wth appropri ate spaces fromeach other along the chain 752. 10

As shown in ktheshifing»fsbe doad of thecsuspending rods2, cthenrasi 76 is msoved up again
transverse frame 738 is detachably attached with a post 782 and is provided
with a manual(Fjgse B8(Butao(#))-he top thereof, so that the end portion of the
transverse frane 7 Is extendedly fixed between a supporting floor (not
shown) and the nai r&?@eatteehmg/a/eﬁ@hiw device: RBnig/ mevad Hiongbaress iof shesrodThe

15 drive _sprocket 750 an he idl e sprocket, 758 are | gcated on an .
appr oxi naﬁelofonvey Oy Eﬁwgré R r%gﬁﬁ tq eceree the fexy F@@cﬁ%ﬁ to & eoupled (Figi ng

o ona e BN afne 1pf oS WvicE 10 réciives e RéktTod 538 fo'Be SBupled” °
from the rod container 54, and conveys the received rod 528 to the lower
portion of the rod attaching/detaching device 68. The conveyed rod 528 is
gripped by the attached/detached device 68 and transferred above the

10 suspending rod 52 to be coupled with the conveyed rod 52S (Fig. 38(4)).
Simultaneously, the upper chuck unit 84 is moved up to the support position
for the rod 5281 by the ram 76 and closed. After that, the processes beyond
Fig. 37(2) are repeated.

The control unit watches the outputs from the spring expansion sensors

15 184 and 190 to carry out a lower-limit position control and an upper-limit
position control of the attaching/detaching chuck 140. Fig. 41 is a flow chart
of the upper-limit position control of the chuck in the coupling of the rod 528.
Fig. 42 is a flow chart of the lower-limit position control of the chuck in the
coupling of the rod 528.

20 Whi]e the control unit controls the rotation of the attaching/detaching
chuck 140 and the downward movement of the rotation unit 138, as shown in
step 400 of Fig. 41, the control unit reads the output signal from the Spring
expansion sensor 184, detecting the limit of the compression of the
éompression spring 160, at predetermined intervals; and determines whether or

25 not the sensor 184 is ON. When the spring expansion sensor 184 is not ON,

but is OFF, the control unit goes to step 402 to determines whether or not the



786 is oriented al ong fhe chain 752. The guide rail 786 prevents the
conveyi ng chain 752 from saggi ng when the rod 52S as a transferred
object is held in the 20 rod holding nenber 790 attached on the
transferring chains 752. The rod hol di ng member 790 hol ding the rod 52S
s driven to be transferred at any tine sg by the transferring chains 752
positioning in the upper side of Fig. 18. In other words, when the rod
528 renoved fromthe suspending rod 52 is transferred to t he working
floor 42 where the rod container 54 is placed, the conveying chain 25 752
is driven toSpragexpansion sensowb8éris ONkvWirndhe springrexpansion scifsor 086 ise
ot her hand, when the rod 525 is transferred to the rod attachi ng/detaching
33 de#pt &Ngthe pentzehuniyicegnpletasrthesmrocessdin this step. ciWhen dhe spring
cl ockwi se direction of Fig. 18, . ) )

expansion sensor 186 1sg ON, 1t is determined that the descending speed of the

attaching/detaching speed is lower than the descending speed of the rotation

5 unit 138, so that the descending speed of the rotation unit 138 is decreased for

a predetermined amount, and then the process in this step is completed.

In step 400, when ON of the spring expansion sensor 184 is detected,
the descending speed of the attaching/detaching chuck 140 is lower as
compared with the descending speed of the rotation unit 138, so that

10 mechanical breakage may occur. In consequence, the control unit goes to step
406 to stop the downward movement of the rotation unit 138 while rotating the
attaching/detaching chuck 140. After that, the control unit determines whether
the rotation of the attaching/detaching chuck 140 is regular or not (step 408).
When the rotation of the attaching/detaching chuck 140 is irregular, the control

15 unit goes to step 416 to stop the rotation of the chuck 140, and rises an alarm,
and then completes this process.

The determination whether the rotation of the attaching/detaching
chuck 140 is regular or not is carried out as shown in Fig,. 43.

A motor driving discriminate device (not shown) outputs a rotation

20 output signal “H” as shown in Fig. 43(1) when electric current or voltage is
applied to the rotating motor 142 and the rotating motor 142 is rotationally
driven. The rotation detecting sensor 196 changes into the OFF position when
the rotation detecting slot 192 of the rotation detecting plate 178 is positioned
above the sensor 196. When any part other than the rotation detecting slot 192

25 Is positioned above the sensor 196, the rotation detecting sensor 196 detects

reflected light from the rotation detecting plate 178 and changes into the ON
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As shown in Fig. 21, the rod holding nenber 790 has a rod hanger 792
supported by a pair of the transferring chains 752 and a rod retaining seat
794 5 secured on the central upper face of the hanger 792. A bearing 796
I s secured on each upper face of the ends of the rod hanger 792 to
pivotally support an end of a pin 7987 The other end of the pin 798 is
supported in a hanger bracket 802 attached to the conveying chain 752
with a hook 800 as shown in Fig. 22(1) as a sectional view taken al ong
the NNN line of Fig. 21. In consequence, 10 the rod hanger 792 is slidably
support ed byposiiop. n Theselore, whenbther rotgtivasoutput of thetmeton isepreduced by
retaining seat 794 is positioned in the upper portion of the rod .
hanger 792 afotatipgythsosetaiing metend4de theattaching/detaching chyck htAfh isn
Fig. 22(2), bot nd potions of the rqd nger. 792 are , formed tqQ have
a vertical | yI§ @ﬁiﬁ Tolatedoas phowaL m.ng(ﬁn thpisersohsignah daymg prraissly
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t he opening screw _
detecting sensor 196 does not output pulse although the rotation output signal

10 is “H”, “L” showing that the attaching/detaching chuck 140 is not regularly
rotated is outputted. The control unmit reads the output signal from the
attaching/detaching chuck rotation discriminate device in step 408 of Fig. 41,
and determines by the above output signal whether the attaching/detaching
chuck 140 is regularly rotated or not.

15 When the attaching/detaching chuck 140 is regularly rotated, the
control unit goes to step 410 to check that the spring expansion sensor 186 is
OFF. When the sensor 186 is OFF, the control unit determines that the
attaching/detaching chuck 140 is moved down to the regular position; restarts
the control for the downward movement of the rotation unit 138; and

20 completes this controlling process (step 412).

When the spring expansion sensor is ON, the control unit goes from
step 410 to step 414 to determine whether or not a predetermined time has
elapsed since the downward movement of the rotation unit 138 was stopped.
When the predetermined time has not elapsed since the downward movement

25 of the rotation unit 138 was stopped, the control unit returns to step 406 to

retain the downward movement of the rotation unit 138 in the stopping state.



is passed and screwed in the horizontal direction. A weight 816 is screwed
to 25 the screw bolt 814 in order to adjust the bal ance when the rod 52S
is held in the rod hol di ng menber 790. The rod retaining seat 794 has
an opening 818 to 34
receive the rod part 52A of the rod 52S at58a position corresponding to the
openi ng 812 of the rod hanger 792, and a seat 820 to place the rod head 52B
of the rod 52S on the periphery of the central portion of the vertical
direction of t he, openi % 818. On one of the hanger brackets
802 (in the IBfsteR;4it,owhengt esz)edemmed txm@éanedaps@mspw the idowmvead i s
secured toward the outglde A.pair of hold menber sensors 824 and

826 for det edRP¥NEMORHSH EpfaHoB fithL3& i Sleppedo the contrabugl dejermiges that
conveying Ch?’ﬁen r7t52'1%10%r St eog{tltagI né/fletacﬁmg cﬁugk 11 s ot transmitted to the rod
528 for reasons of the looseness of chuck or the like, so that the control unit
5 stops the rotation of the attaching/detaching chuck 140, and alerts an operator

to the irregularity by an alarm (step 416), and then completes this process.
Next, the lower-limit position control of the chuck in the coupling of

rod 528 is carried out as follows.

While the control unit controls the rotation of the attaching/detaching
10  chuck 138 and the downward movement of the rotation unit 138, as shown in
step 420 of Fig. 42, the control unit reads the output signal from the spring
expansion sensor 190, detecting the stretching limit of the compression spring
160, at predetermined intervals; and determines whether the sensor 190 is OFF
or not. When the spring expansion sensor 190 is not OFF, the control unit
15 continues to control the rotation of the attaching/detaching chuck 140 and the
downward movement of the rotation unit 138 (step 422), and then completes
this process. When the spring expansion sensor 190 is OFF, the descending
speed of the attaching/detaching chuck 140 is higher than that of the entire
rotation unit 138, so that mechanical breakage may occur, therefore, the
20 control unit increases the descending speed of the rotation unit 138 for a
predetermined amount (step 424). After that, the control unit determines
whether or not the descending speed of the rotation unit 138 is within the limit
(step 426). When the descending speed of the rotation unit 138 does not reach
the upper limit, the control unit complete this process. However, when the
25 descending speed of the rotation unit 138 reaches the upper limit, as shown in

step 428, the control unit decreases the rotational speed of the



824 and 826, each having a light emtting portion and a |light receiving
portion, 10 are structured with a reflection type photosensor which
detects light reflected fromthe striker 822, and secured on a sensor
bracket 828 standing up on the bracket 806. The hol di ng nenber sensor
826 is positioned on the side of the 58ensor bracket 828 which is

| ocated nearer to the transverse franme 738 than the ot her side of the
sensor bracket 828 on which the hol di ng nenber sensor 824 15 is
positioned, and detects that the rod 52S delivered fromthe rod contai ner
54 r eachidaching/detaching ¢hpds ild0dor apredeteamineshamgnottaadedegseiaspeed 68.
On the ot her hand, the hol ding nenber sensor 824 detects that the rod
hol di ng ofrsatsyingoef theatordssS2Heand thor cpmpletesithis pcesscdNotenthag itber od

52S fromthe .rod attachi ng/ detachj ng device 68 when the rod 52S
removed fronlPRE-Umt ROSiOR; e@ﬁ&&m.’% wm-ban%sosgwaew%@leeg the ©ohuckod

container 54. The rod. ol.di n tber 7 Q at. the delivery
posi ti on, whé¥e BﬁﬁgﬁggHBP“QGHtﬂe%%ﬁgfﬂFﬁéﬂﬁghﬁgﬁﬁ#gdthso stops at a rod
removi ng position provided under the rod conveyor device 70.

From t he $ensor bracket 822 on the opposite side of the rod hol ding 25

menber 790, 1 aggklgrﬂgge%£%3%,standing up on one of the upper transverse
menbers 804 - pper portion of the sensor brackets 828

and The delivery of the rod 528 between the rod attaching/detaching device

68 and the rod conveyor device 70, and the conveyance of the rod 528 by the
rod conveyor device 70 are carried out as follows (see Fig. 18 to Fig. 23).

10 In a rod storing mode of when the rod 528 is detached, the conveying
chain 752 of the rod conveyor device 70 is driven and rotated in a
counterclockwise direction of Fig. 18. The holding member sensor 824, which
is placed at the end portion of the transverse frame as a delivery position for
the rod, changes into the ON position after detecting reflected light from the

15  striker 822 placed to the side portion of the rod holding member 790 moving
toward the sensor 824, and sends out the ON signal to the control unit for the
conveyor device which is designed on the control panel 754. The control unit
detects that the rod holding member 790 reaches the delivery position by using
the ON signal from the sensor 824, and stops the drive motor 740 to stop the

20 holding member 790 at the delivery position.

On the other hand, when the rod attaching/detaching device 68
detaches the rod 52S from the suspending rod 52 by wusing the
attaching/detaching chuck 140, the control unit for the attaching/detaching
device drives the transverse drive motor 268 to move the rod

95  attaching/detaching device 68 to above the deliver position of the rod conveyor

device 70. The control unit for the attaching/detaching device receives the



35 830, a delivery sensor 832 is attached to place a light emtting
portion and a | i ght receiving portion to confront each other, so as to
detect that the rod attachi ng/ detaching device 68 receives the rod 52S
fromthe rod conveyor device 70. On each bottom portion of a pair of
the upper transverse nenbers 5 804, a sensor bracket 834 is oriented
downward, and a receiving sensor 836 is provided on the |ower portion
of the sensor bracket 834. The receiving sensor 836 consists of a
light emtting portion and a |light receiving portion, in which the
hori zont al | irad holdmgemember 290 stoppiig gt sies1semodBE pesition] theoned detecting
correspond to that in the delivery sensor 832. Therefore, the |ower portion
of 10 the mseBsArB4hdptects Belacingtaf thedod Z2SobTherebiys théreontrghunitiienthehe
rod att achi ng/ det achi ng devi ce 68 places the rod 52S, renoved fromthe
suspendi ng r 6@N¥eYordevige driyesibe drivg metmide ciomlaterthe clopveyingf chain (752t int Ihe
rod 52S is plaged on the rod holding nenber 790 i s detected. . n
the | ower po Iat‘(FiBgrk\’!fset dzection @ h‘!&y&, agd traustors thg rodd52S toward theodelivery
5 position of the end of the transverse frame 738. The holding member sensor
826 settled at the delivery position detects the striker 822 combinedly moved
with the rod holding member 790 and outputs the ON signal. Thereby, the
circulation of the conveying chain 752 is stopped, and chuck 140 of the rod
attaching/detaching device 68 in the standby state above the delivery position
10  is moved down and grips the head 52B of the rod 52S conveyed to the delivery
position. When the attaching/detaching chuck 140 gripping the rod 528 is
moved up and the lower end of the rod 528 is moved above the delivery sensor
832, the sensor 832 changes into the ON position. Thereby, the control unit
for the conveyor device circulates the conveying chain 752 in the clockwise
15  direction of Fig. 18 again in order to convey the new rod 52S to the delivery
position. When the lifting unit 138 of the rod attaching/detaching device 68 is
moved up to a predetermined height, the control unit for the
attaching/detaching device drives the transverse drive motor 268 to move the

rod attaching/detaching device 68 to above the suspending rod 52.
20
Synchronizing control of the jack

The synchronizing control for lifting up and down the boiler module 56
in parallel is carried out as follows. |
Fig. 44 is a program analysis diagram (PDA) for explaining the
25  synchronizing control of the jacks when the boiler module 56 is lifted up. The

synchronizing control of the jacks will be described below with reference to



15 is provided in order to renove the rod 52S fromthe conveyor device 70

or to . furnish the rod 52S to the conveyor device 70. The rod renoving
port is formed, for exanple, in the side of the drive sprocket 750 and
in the front side of the conveyor device 70 which is in the left side
of Fig. 18. As shown in Fig. 23, prot@grtion covers 838 are attached to
a pair of the vertical nenbers 737, 20 and has a gap 840 so that the rod
hol di ng nmenber 790 noves between the protection covers 838. Above the
protection covers 838 on the verti cal menbers 737, sensor brackets 842

are provi dedinfermpation that tho rmedr bolding nwember @94 ds tat the slelivery pogitiomnfiom i ng
of a light emtting portion and a |light receivin . portion is attached
to the end pletcentml conined systesv 640; anddrsVMeféﬁvmgmotﬁg 144 of the rash
head 52B of the_rod 52S (see Fig. 23(2)), whereby it is detected that

the rod 525 attaching/detashing, dewice; 68 tamovhgloyerithe ovpd 52S, gripped by the

3 attaching/detaching chuck 140, through the rotation unit 138. The rod 52S is

5 moved down and the end portion of the rod 52S changes the receiving sensor

836 into the OFF position. The OFF signal of the sensor 836 is sent to the

control unit for the conveyor device and the control unit for the

attaching/detaching device through the central control system 640, whereupon

the control unit for the attaching/detaching device opens the

10 attaching/detaching chuck 140 of the rod attaching/detaching device 68; moves

up the rotation unit 138; and moves the attaching/detaching device 68 to the
detaching position for detaching the next rod 52S.

When the rotation unit 138 is moved up, the control unit for the

conveyor device drives the drive motor 740 to circulate the conveying chain

15 752 in a counterclockwise direction of Fig. 18. The rod holding member 790

holding the rod 528 is moved down along the guide rail 786 and reaches the

removing position placed in the lower portion of the rod conveyor device 70,

whereupon the rod detecting sensor 844 changes into the OFF position and

outputs the detection signal. Thereby the control unit for the conveyor device

20 stops the drive motor 740 to stop the rod 52S at the removing position. When

it is determined that the rod detecting sensor 844 is in the ON position and the

rod 528 is removed from the rod holding member 790 by a worker, the control

unit drives the drive motor again and stops the rod holding member 790 at the

delivery position.
25 On the other hand, in a removing mode in which the rod 52S is coupled

to the end of the suspending rod 52, when a worker places the rod 525 onto the



In the enmbodi nent, the boiler nodule 56 is secured on the bottom of a
gi rder 500 which is conposed of |-steel, shown in Fig. 24 to Fig. 26,

support ed by a nunber of boiler jacks 60. As shown in Fig. 26, for
exanple, a pair of the girders 500 is placed parallel and lifted up to
a predeterm ned height by the 5 boiler jé&ks 60 with the suspendi ng rods
52, and then it is secured to | ower faces of jack installing beans
502, as tenporary beans on which the boiler jacks 60 are fixedly

pl aced w th _girder upper seats 504 while suspending the boi | er nodul e
56. Each j ackKig aditaliignd0beam 502 which is secured with the gi rder 500

has a working floor 506 having a hand-rail_ 505 at the side portion
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Is lifted upe@rd which the jack controller 646 outputs, a signal showing the operating

state of the degree of opening of the valve, and so on at predetermined

10 intervals; and gives the information to the jack-operation detecting circuit 681

in the synchronism controller 680 (box 710 in Fig. 44). The jack-operation

detecting circuit 681 determines whether or not the jack which is controlled

(the controlled jack) is in operation (box 711). When the controlled jack is in

operation, the circuit 681 inputs a jack number of the controlled jack into the

15 operating state discerning circuit 686, and sends the jack number and the

stroke displacement from the start of the operation to the reference jack
selecting circuit 682. |

The operating state discerning circuit 686 determines whether the

collected jack is in rated operation or not, by using the operation state of the

20 controlled jack which is written on the operation-state storing circuit 698 (box

712), and inputs the result of the determination into the reference jack selecting

circuit 682. The reference jack selecting circuit 682 writes the jack number

and stroke data, inputted from the jack-operation detecting circuit 681, in the

internal memory; compares the stroke values of the jacks in rated operation

25 with each other; selects a jack baving the minimum displacement from the

initial position; and defines the selected jack as the reference jack (boxes 713



down. Each bal ancing device 512 has an upper bal ance beam 516, as a pair of
secondary bal ance beans, pivotally provided to a suspensi on-exchangi ng

pl at e 514 and a | ower bal ance beam 518 | ocated under the upper bal ance
beam 516. The upper bal ance beam 516 and the | ower bal ance beam
518 are 25 arranged on a perpendicular ligee to each other. A pair of the
suspensi on- exchangi ng plates 514 for supporting both ends of the |ower

bal ance beam 518 37 _
are placed in both sides of the girder 500. The | ower bal ance beam 518 is

pi votal |y prandiét)o the lower portion of the suspension-exchanging plate
514 with a pin 522 and is_positioned under the girder 500. A pair of
t he upper bal arfe® shewmsits boxes 15 (@77, whe thel ewnirolledejagkpmdgedras on
o botn. “Yeing in operation trom the Jack data 1§ not the reference jack. the Toterence
jack selecting circuit 682 sends the stroke data of the reference jack and the
5 controlled jack to the deviation computing circuit 684 in sequence in order to’
find deviation & between the reference jack and the controlled jack. The
operating state discerning circuit 686 determines whether the controlled jack is
in a decelerating operation or not (box 718). When the controlled jack is not in
the decelerating operation, but in the rated operation, the circuit 686 connects
10 the deviation computing circuit 684 with the comparing and determining circuit
690 through the switching circuit 688 to input the stroke deviation d found by
the deviation computirig circuit 684 into the comparing and determining circuit
690 with respect to the controlled jack (box 719).
The comparing and determining circuit 690 compares the input
15 deviation 0 with a reference value (e.g., 2 mm) as the maximum value set in the
reference value setting circuit 694; and outputs a signal to decrease the output
to the operation output changing circuit 696 when the deviation 8 exceeds the
maximum value; but does not output the signal when the deviation & does not
reach the maximum value. The operation output changing circuit 696
20 continues the rated operation of the controlled jack when the signal is not
inputted from the comparing and determining circuit 690, and outputs a first-
step decelerating command signal to change the output of the controlled jack
into a predetermined output (60% of the rated output in the embodiment) when
the signal is inputted from the circuit 690 (box 720). The operation command
25 signal is sent from the central control system 640 or the local control unit 644

through the communication line 642 to the jack controller 646 assigned with



sides of the girder 500. As shown in Fig. 24, both ends of the | ongitudinal
direction of each upper bal ance beam 516 are sw ngingly supported to the

| ower portions of the suspending rods 52 which are |ocated along the

| ongi tudi nal direction of the girder 500 to be supported by a pair of
boiler jacks 10 60 (e.g., the boiler jaeks 60A and 60B). The pins 520 and

522, which respectively and pivotally attach the bal ance beans 516 and
518 to the suspensi on- exchangi ng plate 514, is prevented from sliding
out of the bal ance beam by a key plate 524, for exanple, as shown in

the pin 522 the canjrollesl jack. The jack contralienéd6 receivingahe signal [deeegaspsitharce
beam 518 has a top plate 526, a 15, botton1g|ate 528 and a pair of side
pl ates 530 |owpuhefithe cosprofedihwikegaclk 60nte 60% abthemipd auipebthrougl thower
portion of the suspension-exchanging plate 514 is i nserted between.a
pair of the Bowaegniatmg valye 6§%d Asa esult, fraxampleowhen tﬁﬁivoﬂerjack 60 is
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control syst
in the first-step decelerating state on the operation-state storing circuit 698, and

sends a time computing start signal to the time computing writing circuit.700.

10 The time computing writing circuit 700 computes the time from time t,
receiving the instruction from the operation output changing circuit 696 on
basis of the output of the timer 702, and writes the computed time on the
operation-state storing circuit 698 in accordance to the controlled jack (box
721).

15 In box 718, from the operation state stored in the operation-state
storing circnit 698, the operating state discerning circuit 686 determines that
the controlled jack is in the decelerating operation, and connects the deviation
computing circuit 684 with the deviation-zero determining circuit 692 by
switching the switching circuit 688. Thereby, the deviation 8 found by the

20 deviation computing circuit 684 is inputted to the deviation-zero determining
circuit 692. The deviation-zero determining circuit 692 determines whether or
not the deviation & between strokes of the controlled jack and the reference
jack is more than zero (box 722). When the deviation is 0 > 0, the deviation-
zero determining circuit 692 outputs the deviation d > O to the operation output

95 changing circuit 696. Upon inputting a signal showing 6 > 0 from the

deviation-zero determining circuit 692, the operation output changing circuit



25 shown in Fig. 27. The central control system 640 connects to a nunber of

(e.g., six) local control units 644A, 644B,..., through a

conmmuni cation |line 642, and

38 to jack controllers 646A, 646B, ..., provided according to the
boi l er jacks 60A, 60B, 60C, ..., so fggat a conmunication network is
formed by the central control system 640, the local control units 644,
and the jack controllers 646. Each jack controller 646

provi ded according to the boiler jack 60 is 5 structured, for exanple, as
shown in Fi g6998cadsdhéaperatoamsiate ofthe controfledjack, writteiGRuthé 4peration-
counter unit 650, an input unit 652, an anal og output unit 654, an
out put unit 668¢ storingeirantb8g, andgthe tiniet sinss theafirst stepdacalerating) comimand
uni t 660 which receives an _instruction fromthe central control system
640 or the Is oulpydigd; determines ihetropsaation state pf thecjackrasustioven inoHig. i4d¢ and2
or outputs d%te?er&rines whether the predetermined time has elapsed since the first-step
5 decelerating command was outputted. When the predetermined time has
elapsed, the operation output changing circuit 696 outputs a second-step
decelerating command signal or a third-step decelerating command signal.
More specifically, when the controlled jack is in the first-step
decelerating operation, the operation output changing circuit 696 determines
10  whether or not the predetermined time, for example, eight seconds has elapsed
since the first-step decelerating operation was started. When eight seconds has
not elapsed since the first-step decelerating operation was started, the first-step
decelerating operation is continued. When eight seconds elapsed and the time
changes to time t,, the operation output changing circuit 696 outputs the
15 second-step decelerating command signal to further decrease the output of the
controlled jack (e.g., the decrease of 40% of the rating), and writes that the
controlled jack is in the second-step decelerating operation on the operation-
state storing circuit 698. With 8 > 0 and the controlled jack being in the
second-step decelerating operation, when the predetermined time (e.g., three
20 seconds) has elapsed since the second-step decelerating operation was started
and the time changes to time t,, the third-step decelerating operation command
signal is outputted to operate the controlled jack at, for example, 20% of the
rating.
When the deviation & found by the deviation computing circuit 684 is

25 changed to less than zero, that is, when 8 < 0 is confirmed, the deviation-zero

determining circuit 692 inputs the above information into the operation output



R

10 the like to the control system 640 or the control unit 644 through the
comuni cation |ine 642. An output pulse is inputted into the
counter unit 650 froma stroke sensor 662, conposed of a linear
encoder or a rotary encoder and placed in the boil er jack 60, and
conputes the pulse which is outputted frage the stroke 15 sensor 662 by the
novenment of the ram 76 and outputs the obtained coefficient as a
stroke val ue (stroke displacenent) to the CPU 648. A signal show ng the
operating position of the boiler jack 60, a signal show ng _whether the
boi | er ¢hasgimg) cizguita626. nbpenl teceivingdhe siguak showing:de = nBuafterdthent o
the input unit 652, . The out put side of the anal og output unit
654 i s connelacelerating apesation fogofter controljed gack iansiartede the gleviationrgera
signal line, and, converfs a digitized speed of the ja%g which js
outputted freienging eronl896 woaverts the  deselgrghing operatign gentreh gack
anal og signgl to.the flo ontrollipg v e lifier 664,.to0 . control
The degree. Akt dhe aatac RpPiaban AR, T2 GeRisothe: ComPHBE, A HEeai Mg
val ve for_adjusting the out.put af t. oi | ey jack through the anpl.ifier
S04 25 5The R ostHPUtTag it et 7005 Ard sbASes B ARIEAIAH StAER T s
requl ating valntuieg jacROSreh fnHRESHRASE-sthdb Whorks LA B0 ratea
operation (box 727). After that, the above processes are repeated. Fig. 46
shows the stroke changing of the control in which the third-step decelerating
operation is catried out, and the operation output changing circuit 696 receives
o the signal, showing 8 < 0, from the deviation-zero determining circuit 692 at
time t4, and the output of the controlled jack is converted back into the rated
operation of the early stage. Where a number of jacks have the stroke
deviation exceeding the reference value, each jack is controlled in the same
way. The synchronizing control for the boiler jacks 60 in the descending mode
15 for lifting down the boiler module 56 is also carried out in the same way.
As described thus far, the output of each jack is decreased on basis of
the jack having the minimum stroke displacement, and the stroke displacement
of the controlled jack is controlled to be equal to the stroke displacement of the
reference jack, so that the boiler module 56 as a massive body can be lifted up
20 and down in approximately horizontal with the simple control. When the
output of the controlled jack is controlled, since the output is controlled to be
decreased at a predetermined output rate with respect to the rating, the control
does not result in a complicated control and any costly sensor or the like is not
needed, thereby simplifying the apparatus and reducing the cost. The output is
95 decreased step by step in several times, so that the stroke displacement of the

controlled jack is prevented from overshooting under the stroke displacement



39 boiler jack 60 and a hydraulic punp 668, and switches the
positions of the change-over val ve 670 when the novenent of the ram 76
of the boiler jack 60 i s changed. The anal og input unit 658 is
connected to a pressure sensor 674 for detecting a |load that acts on
an equalizer jack 672 provided in the boilkgr 5 jack 60. The anal og i nput
unit 658 converts an anal og output fromthe pressure sensor 674 into a
digital signal, and inputs the digital signal as the |oad that acts on
the boiler jack 60 into the CPU 648. In the enbodi ment, the

| ocal cont robf the teferentegack.r ol s, as shown in Fig. 27, the hydraulic
punps 668A to 668D which are respectivel rovided | o, according to a group
of the boiler jackl sehould bgmemsm@dtthaéwgﬁg thedgwiation is not &y Ocafteithe
and allows the hydraulic punps to carry out a synchronizin control

for equatingPredetermued amep fox exemple, (e sgmrzsféehvaﬂaﬁyd%mm@ebmrof

j acks 60A to 60D.. The other |l ocal contro] units 644B ...  carry out the sane
function. Thebe & éﬁekéﬁ%l@ratyg&pemw,cahﬁlg@ﬂ f8rstp Hhesfgméma@mwﬂgthfs

control 1or MRoke didPacement Of the dohirolied jack sgress 1 the “displacoment of the
reference jack may be outputted, or alternatively, a stopping operation
command instead of the three decelerating. operation command may be
outputted.
In the above embodiment, the synchronizing control, camried out in

10 operations for lifting up and down the massive body through the suspending
rod 52, is described, but the synchronizing control can be carried out in
operations for lifting up and down the massive body by synchronizing a
number of jacks which are placed under the massive body, such as building
construction.

15 In the synchronizing control for the jacks, when a difference in the
stroke displacement between the jacks occurs, the difference is absorbed by
the balancing device 512 supporting the girder 500. For example, in the
ascending mode, when the difference occurs in the ascending speeds of the
rams 76 of the boiler jacks 60A, 60B, shown in Fig. 24, each of which

~20 supports the upper balance beam 516 through the suspending rod 52, and the
speed of the boiler jack 60B for lifting up the rod exceeds the speed of the
boiler jack A, the upper balance beam 516 rotates about the pin 520 in a
clockwise direction of Fig. 24. Additionally, the upper balance beam 516 is
pivotally provided to a suspension-exchanging plate 514, and a cylindrical seat
25 550 and a balance receiving seat 608 are placed between a nut 551of the

suspending rod 52 as a coupler and the upper balance beam 516, and also the



communi cation line 642 to a control unit for the attaching/detaching
device, a control unit for the conveyor device and so on to control
the entire system That is, the central control system 640 and
each of the local control units 644 structure a controlling neans for
carrying out the synchronizing 20 controlegor the boiler jacks 60, and
have a synchroni smcontroller 680 shown in Fig. 29. The synchroni sm
controller 680 has a jack-operation detecting circuit 681, a reference
jack selecting circuit 682 which is connected to the out put si de of

t he j ack- operippiesbadancscbéany 6 susuppested thrdughn thepeykimdnicalsseat 650 and the
discerning circuit 686. Into the jack-operation detecting circuit 681, the
stroke 25 dibalanceerreeivinghscatt6Qke Inaconsequenee,ceyermwisnihe mpper halanesed

on the basi s of t.he output sjgnal of the stroke sensor 662 by the jack
controll er 64%?391 P dalts, tﬂe tﬁt }s absgorbed by the cyhtndrlcal seat 550 and th)é balancjzm()

g? cording to r%é‘é’i@in‘g séat} %&? isloethai ﬁx%kssusgghdl%rédro |§20 ist Ir)]r(?evsein?erclia%rcn('ﬂc réc%?vigg%r °e
5 large bending stress. The runout of the shaft of the suspending rod 52 is
avoided, and also it is avoided that the detaching process for the rod 528 is
complicated or the use of the rod 528 is impossible by reason of the bending of
the suspending rod 52. The above description is the same with the descending
mode.

10 Where the difference in the ascending speed occurs between the right
and left sides or both ends in the longitudinal direction of the girder 500, that is,
where the difference in the ascending speed occurs between the suspending
rods 52 under the boiler jack 60A and the boiler jack 60C shown in Fig. 25 or
in both sides of Fig. 26 in a direction perpendicular to paper of Fig. 26, the

15 difference of the speed is absorbed by the load receiving system 534 placed
between the lower balance beam 518 and the girder 500. For example, when
the ascending speed of the rod 52 connected to the boiler jack 60A exceeds the
ascending speed of the rod 52 connected to the boiler jack 60C, the lower
balance beam 518 rotates about the center of the upper face of a spherical seat

20 536, supporting the girder 500 through a receiving seat 540, in a clockwise
direction of Fig. 25. The lower balance beam 518 is pivotally provided on the
suspension-exchanging plate 514, conmected to the lower end of the
suspending rod 52, through the pin 522, so that it is avoided that the bending
stress acting to the suspending rod 52 allows the suspending rod 52 to have the

25 runout of the shaft, thereby preventing the suspending rod 52 from damaging

being damaged. The above description is the same with the difference in the



opening of the valve for determ ning whether the jack is operated or not,

and the like, are inputted . The jack-operation detecting circuit 681
sends the jack nunber of the jack of which the data has been read, and
the stroke data, to the 5 reference jack selecting circuit 682, and inputs
the jack nunber into the operating stegte discerning circuit 686.

The reference jack selecting circuit 682 selects the jack having the

m ni rum di spl acenent of stroke as a reference jack on the basis of the
information fromthe jack-operation detecting circuit 681 and the operating
10 state di @seending speeduprodeged atnbiothnend ofethengirden K80dins thea dengitudingl

t he jacks . into a deviation conputing circuit 684 oriented toward the

output si de tdiectign, and alsotwithdhe dgscandisgmade. ng circuit 684 finds and
out puts the deviation bg;meen the st.roke displacenent of the reference

jack and the strok&aeshahcarien the deviatippeexeapding theepredetermingd value
operating state di her, or not_ the

jack of the {OFHHES ﬁgﬁ%%ﬁﬁgiﬁ{fgggitﬁgﬁlgpg%g{ gégﬁgt‘i}%kr\g}ha%k&ethe copfrk unit
devi at 1 ontconpeh ot (e ibremanton LSy iyioaizig SSnRek B Heiass She piffmot

¢ " 9 . . i1 684 | . q )
O i ot o A bt PRI PO Bl Ry I ERARE Bhscondie o,
The conpari nQP%@éﬁ??%@ﬁ‘%%‘ﬁs%ﬁyétbﬁ%ﬁéﬁfOnneCt ed to a reference

val ue setting cir an 1 uction signal to decrease the
out put of the jack of which the deviation exceeds a reference value, to
an operation

Industrial Availability

10 As described thus far, a lifting jack, a method of coupling suspending
rods, and a lift control method according to the present invention are
appropriate to be used in a connecting and separating operation of a
suspending rod and the handling of the suspending rod, and a lifting operation
using a group of jacks, when a boiler module of a large scale electric-power

15 plant or the like is lifted with the suspending rod.



out put changing circuit 696 when the deviation output fromthe deviation
conputing circuit 684 is higher than a reference value (a maxi nrum val ue) 25
evaluated in the reference value setting circuit 694. The operation out put
changing circuit 696 outputs a signal to decrease the degree of opening of
t he 70 41 fl ow

regul ating val ve 666 assigned to the jack which is controlled to decrease
the output, to the jack controller 646 assigned with the jack which is
controll ed, when receiving a signal from conparing and determ ni ng
circuit 690. The operation output ckdagshg circuit 696 wites the jack
nunber of the jack, of 5 which the operation state is changed, and the
operation state on an operation- state storing circuit 698, and sends

gi f'cﬂ,”ta l 758_ R\ ?fti%%r}gg ihg%in(g a tnilerg%stfgr aattachingta{nraadect%c Pntgaztl irggs o Iattl "
from an end of a suspending rod, when the suspending rod for lifting is formed
5 by screwing and coupling the rods in the axis direction and the top end portion
of the suspending rod is lifted up and down by the jack, comprising:
a chuck means for chucking a head part of the rod;
a rotation unit having a shaft driven to be rotated by a rotating motor
and connected with said chuck means, and having a displacement absorbing
10 means on a path of linking an output shaft of the rotating motor to said chuck
means;
an elevating means for vertically moving said rotation unit in response
to screw pitch of the rods;
a rotation sensor detecting the rotation of said chuck means; and
15 a controlling means for finding the amount of the vertical movement of
said chuck means from an output signal ef said rotation sensor, and for
vertically moving said rotation unit through said elevating means in response to

the amount of the vertical movement.

20 2. The lifting jack according to claim 1, wherein said displacement
absorbing means, placed on the path of linking the output shaft of the rotating
motor to said chuck means, has a shaft direction displacement absorbing means

and a rotation shaft run-out displacement absorbing means.

25 3. A method of coupling suspending rods, which is for coupling a rod to

an end of a suspending rod for lifting, formed by screwing and coupling the

——— e
e e
———

ey



The tinme conputation witing circuit 700 finds the tine that el apsed

since the signal was received fromthe operation output changing circuit
696, 10 fromthe output of a timer 702 connected to the circuit 700, and
-wites the obtained tinme on the operation-state storing circuit 698 in
correspondence.to the jack nunber witen on the operation-state
storing circuit 698 by the operation output changing circuit 696. The
data written on the operation-state storing circuit 698 are used for
di scrimnating_ the operatjon state in the 15 operating state discerning
circuit 686, radsimthe axigdirgetione comprisingthe stepsef: changing circuit

gl o Soover R ERARCGR Sl hf orf anflufindl e ST
oy Lo SUSPEATIBE TES Fails RGPIneaFrof I Lhe EteNOMELHCK FFAIYI of i on |
writon on the  OBfeine’f SBlEming Shaf firdditn qdepladiiaen, b fne' ek
Congor tndn e SPUSE by rotefiE G GuickCuRdhE Y L5 S B e 'Pfopihg

30, the oper g}y L ruction signal output fromthe 25 operation output
changi ng ci r?lﬂsﬁib&%%s sent out through a conmunication unit 706 in

the side of the cepiafihgdAE ichikk PSRt RighQpebdSvhil Movifig doWn #1biatih?)
unit, driving to rotate the chuck means, in response to screw pitch of the rod to

couple the rods by screwing,

10
4. The method of coupling suspending rods according to claim 3, wherein
the predetermined amount of the shaft direction displacement of the chuck
means is defined to be a value corresponding to a pitch of a rod coupling screw.
15 5. A method of coupling suspending rods for coupling a rod to an end of a

suspending rod for lifting which is formed by screwing and coupling the rods in
the axis direction, comprising the steps of:
gripping the rod in a suspending state with the rotation chuck means;
rotating the rotation chuck means at a lJow speed while the rod is being
20 centered on a screw part of the top rod of the suspending rod;
inserting a screw part of the gripped rod by moving down the rotation
chuck;
detecting a predetermined shaft direction displacement of the chuck
means with the engagement in the rotation at a low speed by using back-lash of
o5  a screw face; and

rotating the rotation chuck means at a high speed while moving down a

e S
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42 to the communication line 642. The operation instruction signal
is read by the CPU 648 of the jack _controller 646 through the

comuni cation unit 660 of the jack controller 646 assigned with the
jack controlled. The CPU 648 outputs a j ack speed signal responding to
the operation instruction to the flow conf2olling 5 valve anplifier 664

t hrough the anal og output unit 654 to adjust the degree of openi ng of
the flow regulating valve 666 in order to control the output of the

boiler jack 60. A jack stroke value output fromthe counter unit 650 is
read by retgormpig 4living do aptate 4Be ichugk ameans, jindrSpANseKe sciewepiteh ©fgh
t he co ni cation ynitt 66(& t he communi cation line 642 and the
comuni cat i oH®IP mctur;j%h@m PV ECEEYIBBr oni sm control | er 680 of the
central control system 640 and the local control unit 644.

The followng is the operation of the lifting jack system structured as

described t hgs f A ﬁﬁﬁl%r ](ycﬂgfotrciifhgg tﬁrngjl?gcﬂ gr%q}pper portion of a suspending rod
5 for lifting which is formed by screwing and coupling the rods in the axis
direction, comprising:
a jack placed on a supporting frame;
a rod attaching/detaching means for gripping the rod, positioned above
said jack, and attaching and detaching the rod to and from the suspending rod,
10 which is provided to rotate and vertically move and to move from the
attaching/detaching position; and
a rod convey means for continuously conveying the rods while
circulating between a position to deliver the rod through a gripping position,
which is provided on a moving route of said rod attaching/detaching means,

15 and a rod storing position.

7. The lifting jack according to claim 6, wherein said rod convey means
has a frame assembled with modules and having a direction changing portion
of a sprocket to change directions of a conveyed body, and is changed in a
20 | circulating distances thereof according to changing of working positions of the
deliver position for the rod to said attaching/detaching means and the rod

storing position,

8. A lift control method of a synchronizing control for a group of lifting
95 jacks, in which a massive body is lifted up and down by plural lifting jacks,

comprising the steps of:

This Sheet Has Been Replaced
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15 Lifting-up of the suspending rod and Detaching of the rod

The ascending node for lifting up the boiler nodule 56 wll be

described with reference to schematic views of Fig. 31 to Fig. 33 and flow
charts of Fig. 34 and Fig. 35. As shown in Fig. 31(1), in the initial

state, the | ower chuck unit 86 of the7Boiler jack 60 is in a closing
state, so that the 20 suspending rod 52 suspending the boiler nodule 56 as
alifted body is supported by the | ower chuck unit 86. Wen the boiler
nodule 56 is |ifted up, upper chuck unit 84 is c]osed, and at the
sanme time, the | owdAviigthe hmng jacksge lift mmaper&w twish regeial SBERUtp Angs
the rod 5252, ocateg dJrectIy beneat h the top rfd 52S1 detached, s
support ed. figdlng a deyighion; With; respech £e dbeummlw ipplagemgshibygdatectiagi ng

devi ce (not receqﬁ%eq%hea].ats;lt(art instruction for the ascending

nmode, wher eu%ﬁﬁ ¢ iispiaeripent

decreasing the output of the jack, having the deviation exceeding a
5 predetermined value, to equate to the stroke displacement of the jack having
the minimum displacement. for carrying out the synchronizing control for a

group of the lifting jacks.

9. The lift control method according to claim 8, wherein the output of the
10 jack, having the deviation exceeding the predetermined value, is decreased at a
predetermined rate with respect to the initial output thereof, and decreased at a
predetermined rate at several times when the deviation does not result in zero

within a predetermined time after the output has decreased.

15 10. The lift control method according to claim 8 or 9, wherein the jack of
which the output is decreased retrieves the original output when the stroke
displacement equates to the stroke displacement of the jack having the

minimum displacement.

20 11.  Alifting jack, having a synchronizing controlling means for a group of
lifting jacks in which plural lifting jack are synchronized for lifting up and
down a massive body, comprising;

a sensor to detect each stroke displacement of the lifting jacks;
a flow regulating valve provided at each hydraulic circuit of the jacks;

25 and

a controlling means for reading each detecting signal from sensors, and

This Sheet Has Been

wawnn i ==




43 operates a pair of the hydraulic cylinders 96 of the upper chuck

unit 84 shown in Fig. 3 toretract the cylinder rod. Thereby, the
opened chucks 90 and top pl ates 98 are guided by the slide guides 92
to nove toward each other, so that the top plates 98 are noved in
beneath the head 52B of the rod 52S2, and Mhe 5 closing of the chucks 90
is detected by ON of the close sensor 104. The control unit closes the
chucks 90 of the upper chuck unit 84, and allows the ram 76 to nove up
to a position in which the top face of the top plate 98 abuts to the

head 52B. Af tfer selesting the jacks thawingthe: mimionun stroklisplacementcis amefergee
to extend the cylinder rod of .the hydraulic cylinder 96. Thereby, the
chucks 90 10Jadqwhen each jackis opssated with amwgnak putputyand e equatingvthe t o
be away from cach other, .so that_ the | oad of the suspending rod 52
shifts to t h&tigkgedisplagerent of thejac shawgdgérd%atmtq:mek% displagernent of

| ower chuck it 86. The openi ng. of t he chucks 90 of the | ower chuck
it 86 1 adbeteEenss Joek eeertue i dsiiranncd value, g the siroke diSplaGSTaRGhn

in Fig. 31(2 ft t he l.oad,of ,th i di 2 .shif t . th
upper “chubk ghihegterence JAGK 3 deciEasinEnie. g BF /B8 ifek thiidystig fadch
t he up-end, w@gﬁﬁﬁégkggﬁgpper chuck unit 84 pushes up the |arger

di anetri cal of the chucked rod 52S2 to an operation position
of the detent
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mechani sm 110 (Fig. 31 (3)). After the ram 76 reaches the up-end, the |oad
of 20 the suspending rod 52 is shifted,to the | ower chuck unit 86 by

closing the | ower chuck unit 86 and noving down the ram 76. The above
action is checked by detecting the down-novenent of the ram 76 of a
little nore than 10 nmm The detent nedbhani sm 110 is actuated with the
shifting of load, to control the rod 52S2 | ocated beneath the top as
shown-in Fig. 31 (4). 25 More specifically, when the head 52B of the
rod 52S2 reaches the operation position of the detent mechani sm 110,
the control unit operates the Abstract

44 hydraul ic cylinder 114 shown in Fig. 6 to extend the cylinder

rod; turns the end portions of the turnable arnms 112 toward each

gtzge\rNi; t f]t f EZ é?;?i&s i)rﬂ rkgﬁﬁtlrig_f)a suspen&mg % Ritomatica 3|rac hrielfed %2
detached, and a rod is easily conveyed between a position where the rod is
5 delivered to rod attaching/detaching means and a position where the rod is
contained. A plurality of jacks are operated in synchronism. In the upper part
of a boiler-side steel structure (58) is provided a boiler jack (60) for moving a
boiler module (56) up and down via a suspending rod (52). Above the boiler
jack is provided a device (68) for automatically attaching/detaching a rod. The
10 device (68) is movable horizontally. The rod attaching/detaching device (68)
grips a rod (52S) at the end of the suspending rod pushed up by the boiler jack,
rotates it to remove, and transfer it to a rod conveyor device (70). Upon
receiving the rod from the rod attaching/detaching device, the rod conveyor
device conveys it ro a rod container (54) provided on a working floor (42). A
15 plurality of jacks (60) are driven by synchronous output operation, the
displacements of stroke of all the jacks are measured to find the differences
between the minimum displacement and the other displacements, and the
output of the jacks (60) of which the differences are larger than a set value are
decreased so that the displacements are equalized to the minimum

20 dieplacement.
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respectively located to the ends of the turnable arns 112. The rear side of
the 5 turnable arns 112 nove above a cl anpi ng sensor 132, and the

cl anpi ng sensor 132 changes into the ON position, whereby it is
detected that the pressuring bl ocks 116 cl anps the head 52B of the
rod. Therefore, even when a nunber of rod coupling portions are
between the | ower chuck unit 86 as algpfg recei vi ng part and the rod
52S2 under the braking, the rotation 6f*the rods is obstructed 10 at the
above cl anpi ng position. As shown in Fig. 31 (4), -the detaching
operation for the top rod 52S1 directly on the rod 52S2 under the
braking is carried out, and simultaneously, the ram 76 is noved down
to return to the starting point for the next noving-up drive. The rod
can be detached by hand, but, as shown in Fig. 32(1), the rod 15 52S1 may
be rotated in a direction to release the screwi ng while being noved up
by the aforenentioned rod attachi ng/ detachi ng device 68, and conveyed to
the rod container 54 for storing by the conveyor device 70.

More specifically, the control unit noves up the ram 76 of the boiler

jack 60 while driving the transverse drive notor ,268; and, as shown in Step
20 300 of Fig. 34, noves the attaching/detachi nghochuck 140 of the rod
attachi ng/ detachi ng device 68 to the position abo%e the rod 52S1 to be
detached. The detent mechaniem 140 garries out the\praking flor the rod
5282, wher eupon the ébeinti ng n@t or 124 @ t he i ng/ det achi ng
device 68 is _driven ﬂg ﬁb dfm? the potaDiqp uhit 138. jAt this tine,
the control unit_dri \ ﬁ” | ‘”lﬁ N

R i _<— —

s

1

= -

7?1“%’ - |

2 - % F | / \m
®L! | Yol
2N

LN
SY
n

J=m~

1
62

FIG.

525

N
1 mk

O ® _
1| =
|
O
o

N
(__/

g\ =




25 the rotating notor 142 so that one of the reference hole of hone
positions 194 ° I's noved directly onto the honme position detecting sensor
198. The rotation 45

unit 138 is nmoved down in the guide frame 242 along the guide rail 248 by

t he driving of the elevating notor 144. \Wen the attachi ng/ detaching
chuck 140 is ~ noved down with the,down-novenent of the rotation unit 138
and the head 52B is noved into t%égﬁﬂree grip claws 172, the head
detecting sensor 227, 5 which is fixedly placed in the sensor nounting:
ring 214 provided in the | ower portion of the steady guide 208 secured
I n the attachi ng/ detachi ng chuck 140, Is in the OFF position and inputs
t he head detecting signal into the control unit. The control unit

receives the detecting signal of tgg iegg dej ecting sensor 227,
wher eupon the control unit decreases the& Hestendi ng speed of the
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10 attachi ng/detaching chuck 140. The tight sensor 230 changes into the
OFF position, thereby it is determned that the attachi ng/detaching
chuck 140 is noved down to the grip position for the rod 52S1. And the
rotation unit 138 is st opped novi ng down (steps 302 and 304 in F g.

34). After that, the control unit operates the pneumatic driven part
174 of the attachi ng/ detachi ng chuck éﬁ 8140 to close the three grip claws
172 for gripping the head 52B (step é 63. The grip sensor 220 placed in
t he upper portion of the sensor nounting ring 214 changes into the ON
position, whereby the conpletion of the gripping process i s detected.
At this tinme, the projection 176 forned on the grip claw 172 i s engaged
with the groove 52E of the head 52B to prevent the rod 52S1 20 from
droppi ng when the rod 52S is separated and suspended by the
attachi ng/ det-achi ng chuck 140 (see Fig.. 8). After the
conpletion of the gripping process of the attaching/detachi.ng chuck 140
for the rod 52S1, as indicated wi h BriGarr8w 340 in Fig. 32(1), the
attachi ng/ detaching chuck 140 is rotated in a direction to rel ease the
screwing 25 between the top rod 52S1 and the rod 52S2 cl anped by the

det ent nmechani sm 110, and simultaneously, the elevating notor 144 is
rotated in reverse to '
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46 synchronize with the rotation of the attaching/detaching chuck
140. That i s, the rotation unit 138 is noved up at a speed .
correspondi ng to the speed at which the rod 52S1 is unscrewed (step
310). In step 12, the control unit determ nes whether the rod 52S1 is
separated fromthe rod 52S2 |ocated 5 directly beneath the rod 52S1 or

not . More specifically, t29 ontrol unit reads the output .
signal fromthe . attaching/detachi*fg*%ensor 124 (see Fig. 6) | ocated on
the side portion of the detent mechani sm 110; wat ches whet her the

att achi ng/ det achi ng sensor 124 is in the ON position or not; and
determ nes whether the rod 52S1 is separated 10 fromthe next rod.52S2.
When the attachi ng/ detaching sensor 124 is not in the ON position, the
control unit returns to step 308 due to the determ nation that the rod
52S1 is not still separated, and repeats the processes in steps 308 and
310. When the sensors 124A to 124C are ON and al so the sensor 124D is ON,
it is determned that the rod 52S1 is conpletely separated fromthe next
rod 15 52S2, so that the attaching/detaching chuck 140 is noved up to the
convey . position as shown in Fig. 32(2) (step 314), and then, in step
316, the detached
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rod 5251 is delivered to the rod conveyor device 70 (see Figs. 32(3) and

(4). .
hydraul i c

After the rod 52S1 is separated fromthe rod 52S2,
114 of the detent nechanism 110 is actuat ed,

cyl i nder

t he

the cylinder rod 20

so t hat

is retracted and the turnable arm 112 is turned in a

direction tor

the rod 5252 is rel eased as

el ease the

br aki ng,

sho i
the turnable arm 112 is turnably mﬁﬁ%@%

130,

so that the release of the braking is

Fig. 32(2).

The rear portion of

t hereby the clanping and braking for

d above a braking rel ease sensor

det ect

rel ease sensor
mechani sm 110,

and

ed by the braking

130. During the release of the braking 25 by the detent
t he upper chuck unit 84 is cl osed,

addi tional ly,

| oad of the suspending rod 52 is shifted to the upper chuck

47
the boiler

unit 84 in the sane way as descri bed above,

FIG. 5

so that the ram 76
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jack 60 supports the suspending rod 52 through the upper chuck unit 84.
Af'ter that, the ram 76 pushes up the suspending rod 52 to nove up the

head 52B of the rod 52S2 to the operation position of the detent mechani sm
5 110 (Fig. 32(4)). Wien the ram 76 reaches the top end, as descri bed
above, the control unit closes the | ower chuck unit 86, and noves down
the ram 76 slightly to shift the Ioad of the suspending rod 52 to the
| ower chuck unit 86 (Fig. 33(1)ﬁ #8ter the |oad of the suspending rod
52 is supported by the | ower chuck unit 86, the upper chuck unit 84 is
opened, and then the detent 10 nechanism 110 is operated again to clanp
the head 52B of the rod 52S in order to carry out the braking for the
rod 52S3 (Fig. 33(2)). On the other hand, after the rod
attachi ng/ det achi ng devi ce 68 conpletes. to deliver the rod 52S1 to the
rod conveyor device 70, as shown in Fig. 33(1), the rod
attachi ng/ detaching device 68 is noved to above the next 15 rod 52S2 for
detaching the rod 52S2. The conveyor ‘device 70 delivers the rod 5181,
received fromthe rod attaching/deﬁgcﬁi&g dzyice 68, to a place where

the rod container 54 is |ocated to thé&rod 51S1 as shown in Fig.
33(2). In t he attaching/ detachi ng device 68, as described above, -  the
rotation unit 138 is noved down, and the attaching/ detaching chuck 140
grips the head 52B of the 20 rod 52S2 (Fig. 33(3)). After that, the
processes beyond Fig. 32(1) are repeated.’ The control for the
ascendi ng speed of the rotation unit 138 in step 310 of Fig. 34 is
carried out as shomm iq)Fig. 35. :

- 10 | 523(528) % 3

— \116 e\ | y
\\ ‘
- 12aA 2aA™—
i /J 4% -

TN [ reap)
S 124DN | K / / [124(: L=}
gw124c i . — i,
=1 D120~ in T\ M2 [

22 \O} 0 (O] s -8

! G\ 3




As shown in step 320, the control unit reads an output signal of the
rotation detecting sensor 196; -obtains the rotational speed of the 25
attachi ng/ det achi ng chuck 140 (step 320); and conputes the ascendi ng speed
of the attaching/detaching chuck 140 from screw pitch of the screw part

48 formed on the rod 52S (step 322). The control unit drives the
el evati ng notor 144 on basis of th scendi ng speed of the
at t achi ng/ det achi ng chuck 140, cgwgﬁged above; receives a detection
signal fromthe rotary encoder 262; and controls the rotational speed
of the elevating notor 144 to nove up the entire 5 rotation unit 138 at a
speed coordinating with the ascendi ng speed of the at t achi ng/ det achi ng
chuck 140 (step 324). At this tine, the deviation between t he ascendi ng
speed of the attaching/detaching chuck 140 when the rod 52S1 is
FIG. 7
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E3

rotated and detached fromthe rod 52S2, and the ascendi ng speed of the
rotation unit 138 by the elevating notor 144 is absorbed by the expansion
and 10 contraction of the conpression spring 160 constituting a shaft
direction di spl acenent absorbi ng nmeans. The control unit reads an

out put signal of the spring expansi on sensor 186 (see Fig. 9), and
det erm nes whet her the sensor 186 }5 in the ON position or not (step
326). When the spring expansion sensod” 48 186 is ON, the control unit
determ nes that the distance between the distance 15 detecting plate 180
and the spring expansion sensor 186 is less than d[err], . since t he
ascendi ng speed of the attaching/detaching chuck 140 is higher than the
ascendi ng speed of the rotation unit 138, so that the conpression spring

160 i s “extrenely conpressed. ARtk digngl 8, after the rotational speed of
t he el evating nmotor 144 is increased for a predeterm ned anobunt to

i ncrease the ascending 20 speed of the rotation unit 138 (step 328), the
control unit goes to step 330. When the spring expansion sensor 186 is

not in the ON posifion, the contr unit goes fromstep 326 to step

330. . Ih step 330, the | ‘'unit reads an output signal of
the spring exppnsi on sensor checks whet her the sensor 188 is
in the OFF 25 pos|tion or ngg2 spring expansi on sensor 188 is
OFF, the control upit det er es that the distance detecting plate 180

is nore than distapce d[err] + 5
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49 - nm di stance fromthe spring expansion sensor 188 since.the
ascendi ng speed ~of the attaching/detaching chuck 140 is significantly
sl ower than the ascendi ng speed of the rotation unit 138, so that the
conpression spring 160 is stretched out. In consequence, the ascending
speed of the rotation unit 138 is decreased 5 for a predeterm ned anount,
and then the process for speed control is conpleted. In step 330, when
the spring expansion sensor 188 is n8r 4% the OFF position, it is
determ ned that t-he ascendi ng speed of the rotation unit 138 is within
the proper range, and the process for speed control is conpleted and

the control unit goes to step 312 in Fig. 34. 10 Coupl ing the rods
and Lifting down the suspending rod When t he suspendi ng rod 52
is lifted dowmn while the rod 52S i s coupled to the top of the
suspending rod 52, the operation FsJcé}ried out as
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follows. 15 | In the initial stage when the rods 52S are coupl ed, as

shown in Fig. 36(1), the attaching/detaching chuck 140 of the rod

at t achi ng/ det achi ng devi ce 68 is positioned at a rod delivery position
of the rod conveyor device 70. The upper chuck unit 84 is opened, and
the | ower chuck unit 86 is cl osed and supports the | oad of the
suspendi ng rod 52. The rod 52S2 | ocat.ed é the top of 20 the suspending
rod 52 is clanped at the head 52B thé$é6$ by the pressuring bl ock 116
of the detent mechanism 110 so as to be under the braking. In

t he above state, the rod 52S1 which is to be coupled onto the rod 5282

is transferred onto the rod conveyor device 70 fromthe rod container 54
to be conveyed under the attachi ng/detaching chuck 140 (Figs. 36(2) and
(3)). 25 The control unit noves up the ram 76 of the boiler jack 60; noves
t he upper chuck unit 84 to the neck portion of the rod 52S2; and cl oses
t he upper chuck 50

FIG. 10




unit 84 in order to be in preparation for receiving the |oad of the

suspendi ng rod 52. After the control unit allows the
attachi ng/ detachi ng chuck 140 of the at tachi ng/ det achi ng device 68 to
grip the head 52B of the rod 52S1 (Fig. 36(4)), the control unit

drives the transverse drive notor 268 to transfer the rod 5251 5 to above
t he suspending rod 52 as shown in Fiﬁ./§x 1) (step 350 in Fig. 39).-

After that the control unit drives thé vating notor 144 to nove down

t he attachi ng/ detachi ng chuck 140 through the rotation unit 138 at a | ow
pace (step 352). As shown in Fig. 37(2), the attaching/detaching chuck
140 is moved down to until the (lower) end of the nmale screw part 52C
of the rod 10 52S1, gripped by the chuck 140, confronts the femal e screw
part 52D of the rod 52S2, and the rod 52S1 is set on the rod 52S2.

That is, the control unit wat ches an out put signal fromthe

att achi ng/ det achi ng sensor 124C. The out put of the sensor 124C changes
to OFF, whereby the control unit detects that the male screw part 52C
of the rod 52S1 is faced to the female screw part 15 52D of the rod 52S2
and the rod 5251 .is noved down to the coupling position and set on the
rod 52S2, and stops the downward %pﬁf nt of the rotation unit 138
(step 354). - Next , dodndar d movenent of the rotation
unit 138 is st opped, as |nd|cated wth an arrow 342 of Fig. 37(3), the
control unit rotates

140

202



20 thé rotating notor 142 .in a direction to screw the rods 52S1 and 52S2

to each other ‘at a | ow speed (e.g., 50 rpmwhen screw pitch is 12 nmm
to rotate the attachi ng/ det achi ng chuck 140 one turn (step 356). The
control unit finds |oad torque of the rotating notor 142 froma drive
current of the rotating notor 142; wat ches an out put signal of the
spring expansi on sensor 188; and determ,nes 25 whether the screw parts of
both of the rods 52S1 and 52S2 are eﬂéaﬁéﬁ W th each ot her or not
(step 358). 51

More specifically, the rod 52S1 screws downward as-the screw part of

the rod 52S2 is bei hg engaged. Therefore, the attaching/detachi.ng chuck 140
has a di spl acenment in the shaft direction with the novenent of the rod
5281, and is being noved down while stretching out the conpression
spring 160 5 through the slide shaft 156. In consequence, the distance
detecting plate 180




secured to the slide shaft 156 is noved together with the slide shaft 156,
and t he out put of the spring expansion sensor 188 changes to OFF when
t he di stance between the spring expansion sensor 188 and the distance
detecting pl ate 180 exceeds the d[err] + 5 nm The expansi on sensor
188 changes into the 10 OFF position, whereby the control unit determ nes
that the screw parts of both of th; rods 52S1 and 52S2 are engaged
(screwed) with each other. Since the 13/48y0ds 52S1 and 52S2 are noved down
in the state that the rod 52S1 is pulled upward by the conpression
spring 160, both of the screw parts of the rods are screwed with each
ot her by using back-lash of the screw faces. 15 When the control

unit determ nes that the screw parts of both of the . rods are not
engaged, the control unit goes to step 360 to detect whether the

obtained | oad torque of the rotating notor 142 is |less than a predeterm ned
val ue or not. Wien the torque is |less than the predeterm ned val ue,

returning to step 356, the atfadhi(g/ d¢t &hing chuck 140 is continued
to be rotated at a 20 |ow speed. In step 360, when the |oad torque of the
rotating notor 142 is nore than the preedeterm ned val ue, the control
unit determ nes that the screw parts of both the rods 52S1 and 52S2 are
not engaged and drag is occurring, and stops the drive of the rotating
notor 142, and alerts an operator gto—hhe . irregularity by an alarm (step
362). 25 It should be nmentijonedq that even when the rod 52St is set
on the rod 52S2 with its axi g beijng ﬁhﬁ@htly devi ated, the
at tachi ng/ det achi ng chuck 140 is —~/ .
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52 supported in an oscillating state by the spring coupling 170, so

that the deviation of the rotation shaft is absorbed by the spring
coupling 170, thereby the screw parts of the rods 52S1 and 52S2 can be
snoot hl y engaged. Were bot h axes of the rods 52S1 and 52S2 are

deviating fromeach other when the 5 rod 52S1 is set on the rod 52S2,
bot h axes can be easily aligned by slow rotating the rod 52S1 (the
at tachi ng/ det achi ng chuck 140). Nbrelép‘ fically, an end of a screw
has a taper shape for snooth engagenent. Therefore, the
attachi ng/ detachi ng chuck 140 gripping the rod 52S1 is supported in an
oscillating state by the spring coupling 170, so that when the 10
attachi ng/ det achi ng chuck.140 is rotated at a sl ow speed, a | ower taper

face of- the male screw part of the rod 52S1 is slipped into a upper
taper face of the '

FIG. 14
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femal e screw part of the rod 52S2, thereby both of the axes are naturally
al i gned. ~ Confirmng that the screw parts of the rods 52S1 and
52S2 are engaged 15 with each other in step 358, the control unit rotates
t he attachi ng/ detachi ng chuck 140 at a predeterm ned speed in a
direction of screwing (step 364). The el evating notor 144 is driven in
correspondence to the descendi ng speed of the at t achi ng/ det achi ng
chuck 140 by sc¢rewi ng the rod 52S1 dé W d, and the descendi ng speed
of the rotation unit 138 is controlled (step 366). Wether or 20 not the
rods 52S1 and 52S2 are conpletely coupled to each other is determ ned
(step 368). Where screw pitch is, for exanple, 12 mm the
rotational speed of the attachi ng/ det achi ng chuck 140 has a speed at
whi ch t he descendi ng speed of t he attachi ng/ detaching chuck 140 is
approximately 600 mmmn.. Wether the 25 rods are conpletely coupled or
not is determ ned, when the attaching/detaching sensors 124A and 124C
(see Fig. 6) are in the OFF position and the | oad
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53 torque of the rotating notor 142 exceeding a set value is

detected. In the enbodi nent, the coupling state is detected by two
sensors 124A and 124C, so t hat even when any one of the sensors 124A
and 124Cis in the OFF position by reason of vibration, oscillation or
the like, the conpletion of the coupling i's 5 not determ ned, resulting
in the inproved reliability of the apparatus. In step 368, when
t he coupling of the rods 52S1 and 52981 48 not conpl eted, the control
unit returns to step 364 to control the rotation and the downwar d
novenent of the attachi ng/ detaching chuck 140. Wen the .coupling is

conpl eted, the control unit goes to step 370 to stop the rotation of 10
t he attaching/detachi ng chuck 140 and the downward novenent of the rotating
unit 138. After that, as shown in Fig. 37(4), the control unit opens the

at tachi ng/ det achi ng chuck 140, anigqfiﬁs Uﬁekpe chuck 140 to the convey
position for the rod 52S (step 372), ot the coupling control for the

rod 52S is conpleted. 15 ‘The control for the descendi ng speed _
of the rotation unit 138 in the coupling of the rods is carried out as
shown in Fig. 40. The control unit conpute% t he rotational speed of
t he attachi ng/ detachi ng chuck 140 from an J’ 42
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out put signal formthe rotation detecting sensor 196, and conputes the
descendi ng speed of the attaching/detaching chuck 140 (steps 380 and 382).
20 The control unit drives the elevating notor 144 to nove down the

rotation unit 138 at a speed commensurate with the descendi ng speed of
t he attachi ng/ detachi ng chuck 140. At this tinme, the control unit

wat ches t he out put signals fromthe spring expansion sensors 188 and
186 (see Fig. 9), and control s t & Aé&cendi ng speed of the rotation
unit 138 and the descending 25 speed of the attaching/ detachi ng speed not
to differ fromeach other. _ More specifically, as shown in step
386, the control unit checks

54 = . whet her the spring expansion sensor 188 is in the OFF position or
not. Wen t he spring expansion sensor 188 is OFF, it is determ ned

t hat the descendi ng

FIG. 17
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speed of the rotation unit 138 is slower than the descending speed of the
at t achi ng/ det achi ng chuck 140, and the conpression spring 160 is stretched
out. 5 The control unit increases the rotational speed of the elevating
notor 144 for a predet erm ned anount to increase the descendi ng speed
of the rotation unit 138 as shown in step 388, and goes to step 390.
Wen it is determned that the spring expansi on sensor 188 is not OFF
in step 386, the control unit goes tb /48 step 390 to check whether the
spring expansion sensor 186 is ON or not. 10 Wen the spring expansion
sensor 186 is ON, it is determned that the descendi ng speed of the
rotation unit 138 is higher than the descendi ng speed of the
attachi ng/ det achi ng chuck 140, so that the descendi ng speed of the
rotation unit 138 is decreased for a predeterm ned anount (step 392), and

t he processes for,controllf?g:tqs deﬁ?ggﬁing speed is conpleted. Wen
the spring 15 expansion sensor 671 not in step 390, the control unit
det erm nes t hat t he descendi ng speed of the rotation unit 138 is
normal , and conpl etes the processes. The control unit opens
and noves up the attaching/ detachi ng chuck 140 to the predeterm ned
position after the coupling/®B the B&552S1, and opens the 20 |ower chuck
unit 86 and shifts the [Fflead—eF—e suspending rod 52 to the upper | ower
chuck unit 84. After tHAt, the ¢ i ié§i5§ the hydraulic
cylinder 114 of the detjgnt—nech i ‘yel 'ng the braking applied
to the rod 573R2-add novesg\ the HdmLZG\QI the boiler jack 60 to
lift down the H /‘<//x// 756
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suspendi ng rod 52. When the suspending rod 52 is lifted down to a position
25. which the head 52B of the rod 52S1 reaches in the vicinity of the

br aki ng position of the detent mechanism 110, the | ower chuck unit 86
is closed and 55

the | oad of the suspending rod 52 is shifted to the | ower chuck unit 86.

Af ter the shifting of the load of the suspending rod 52, the ram 76 is
noved up again (Figs. 38(1) to (E§4<43 The rod
attachi ng/ det achi ng device 68 is noved to above of the rod 5 conveyor
device 70 in order to receive the next rod 52S to be coupled (Fig.

38(1)). The rod conveyor device 70 receives the next rod 52S to be coupl ed
fromthe rod contai ner 54, and conveys the received rod 52S to the | ower
portion of the rod attachi ng/ detaching device 68. The conveyed rod 52S is

FIG. 19
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gripped by the attached/ detached device 68 and transferred above the 10
suspending rod 52 to be coupled with the conveyed rod 52S (Fig. 38(4)).

Si nul t aneously, the upper chuck unit 84 is noved up to the support "position
for the rod 52S1 by the ram 76 and cl osed. After that, the processes beyond
Fig. 37(2) are repeated. The control unit watches the outputs
fromthe spring expansion sensors 15 184 and 190 to carry out a
lower-limt position control and an &ppet8|init posi tion control of

t he attachi ng/ detaching chuck 140. Fig. 41 is a flow chart of the
upper-limt position control of the chuck in the coupling of the rod 52S.
Fig. 42 is a flowchart of the lower-limt position control of the chuck in

t he coupling of the rod 52S. 20 While the control unit controls
the rotation of the attaching/detaching chuck 140 and t he downward
novenent of the rotation unit 138, as shown in step 400 of Fig. 41, the

control unit reads the out put sigﬂ <3ronE%Qg spring expansi on sensor
184, detecting the limt of the Compressi f the conpressi on spring
160, at predeterm ned intervals; and determ nes whether or 25 not the

sensor 184 is ON. \Wen the spring expansion sensor 184 is not ON, but
is OFF, the control unit goes to step 402 to determ nes whether or not the
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56 spring expansion sensor 186 is ON. Wen the spring expansion
sensor 186 is not ON, the control unit conpletes the process in this
step. When the spring expansi on sensor 186 is ON, it is determ ned
that the descendi ng speed of the attachi ng/ det achi ng speed is | ower
t han the descendi ng speed of the rotation 5 wunit 138, so that the
descendi ng speed of the rotation unit 138 is decreased for a
predet erm ned anount, and then the pRde€4& in this step is conpleted.

In step 400, when ON of the spring expansion sensor 184 is detected,

t he descendi ng speed of the attaching/detaching chuck 140 is | ower as
conpared with the descendi ng speed of the rotation unit 138, so that 10
mechani cal breakage nmay occur. In consequence, the control unit goes to

step 406 to stop the downward novenent of the rotation unit 138 while
rotating the attachi ng/ det achi ng chuck 140. After that, the control
unit determ nes whet her the rotation of the attaching/ detaching chuck
140 is regular or not (step 408). - When the rotation of the

at t achi ng/ det achi ng chuck 140 isEiqf%gulaz,the contro
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15 unit goes to step 416 to stop the rotation of the chuck 140, and rises

an-al arm and then conpletes this process. The
determ nati on whether the rotation of the attaching/detaching chuck
140 is regular or not is carried out as shown in Fig. 43. - A

notor driving discrimnate device (not shown) outputs a rotation 20 output
signal "H' as shown in Fig. 43(1) when electric current or voltage is
applied to the rotating notor 142 and2fMel8rotating motor 142 is
rotationally driven. The rotation detecting sensor 196 changes into
the OFF position when the rotation detecting slot 192 of the rotation
detecting plate 178 is positioned above the sensor 196. Wien any part
other than the rotation detecting slot 192 25 is positioned above the
sensor 196, the rotation detecting sensor 196 detects reflected Iight
fromthe rotation detecting plate 178 and changes into the ON

57 : _
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position. Therefore, when the rotation output of the notor is produced by
rotating the rotating notor 142, and the attachi ng/detaching chuck 140 is .
regularly rotated, as shown in Fig. 43(2), the sensor signal having
precisely spaced pul ses is outputted. When the attaching/detaching
chuck 140 is 5 regularly rotated, an attachi ng/detaching chuck rotation

di scrim nate device (not shown) outputs "H' show ng the regul ar
rotation as shown in Fig. 43(3) - 2y 48i ng the rotation output signal of
the rotating notor 142 and the precisely spaced pul ses output fromthe
rotati'on detecting sensor 194. Wien the rotation detecting sensor 196
does not output pulse although the rotation output signal 10 is "H', "L"
showi ng that the attaching/detaching chuck 140 is not regularly rot at ed
is outputted. The control unit reads the output signal fromthe
attachi ng/ det achi ng chuck rotatijgéfiefri 'S?te device in step 408 of Fig.
41, and determ nes by the ab out pu i gnal whet her the

at t achi ng/ det achi ng chuck 140 is-regularly rotated or not. 15

When the attachi ng/ detaching chuck 140 is regularly rotated, the

control unit goes to step 410 to check that the spring expansion sensor 186
IS .OFF. When the sensor 186 is OFF, the control unit determ nes that

t he at t aching &7Zhi ng_chuck .140 i s noved down tofSfe regul ar

position; restar{s the d®@8rol for the dovifddrd novénment of the
rotation unit 138 d 2p -Conpletes this cont r ol | ng Ss (step 412).
When the spring uxpa‘sio sensor is ON, the contrd{ unfft goes from
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step 410 to step 414 to determ ne whether or not a predeterm ned tine has
el apsed since the downward novenent of the rotation unit 138 was stopped.
When the predetermined tinme has not el apsed since the downward novenent 25
of the rotation unit 138 was stopped, the control unit returns to step 406
to retain the downward novenent of the rotation unit 138 in the

st oppi ng state. . 58

In step 414, when the predeternined tddv4Bas el apsed since the downward
novenent of the rotation unit 138 is stopped, the control unit determ nes

t hat

the rotation of the attaching/detaching chuck 140 is not

transmtted to the rod 52S for reasons of the | ooseness of chuck or

the |ike,

so that the control unit 5 stops the rotation of the

attachi ng/ det achi ng chuck 140, and al erts an operator to the
irregularity by an alarm (step 416), and then conpletes this process.

FIG. 24
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Next, the lower-limt position control of the chuck in the coupling of

rod 52S is carried out as follows. VWhile the control unit
controls the rotation of the attaching/detaching i chuck 138 and the
downward novenent of the rotation unit 138, as shown in step 420 of

Fig. 42, the control unit reads the output signal fromthe spring
expansi on sensor 190, detecting the st;;gchlng limt of the conpression

spring 160, at predeterm ned i nie and determ nes whet her the
sensor 190 is OFF or not. Wen the spring expansion sensor 190 is not
OFF, the control unit 15 continues to control the rotation of the

att achi ng/ det achi ng chuck 140 and the downwar d novenent of the
rotation unit 138 (step 422), and then conpletes this process. Wen

t he spring expansion sensor 190 is OFF, the descendi ng speed of the
attachi ng/ det achi ng chuck 140 is higher than that of the entire

rotation unit 138, so that nechang¢a[ EpQ? may occur, therefore, the 20
control unit i.ncreases the descendi ng Spee the rotation unit 138 for a

predet erm ned anmount (step 424). After that, the control unit determ nes
whet her or not the descendi ng speed of the rotation unit 138 is within the

limt (step 426). Wien the descendi ng speed of the rotation unit 138
does not reach - the upper Iimt, the control unit conplete this process.
However, when the 2 aes ANg spe f,60® rotation unit 138 reaches the
upper limt, as sho ¥ .step 428+Hhe control unit decreases the
rot ati onal sp;eodsof t he i 5?5
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59 attachi ng/ det achi ng chuck 140 for a predeterm ned amount to

decrease a speed of screwing of the rods 52S, and then conpletes this
process. Note that the upper-limt position control and the lower-limt
position control of the chuck are also carried out when the boiler
nodule 56 is |ifted up. 5 Del i ver and convey of a rod

The delivery of the rod 52S between the rod attachi ng/detaching device
68 and the rod conveyor device 70, akbtHe conveyance of the rod 52S by the
rod conveyor device 70 are carried out as follows (see Fig. 18 to Fig. 23).

10 In a rod storing node of when the rod 52S is detached, the
conveyi ng chain 752 of the rod conveyor device 70 is driven and rotated
in a :
FIG. 26
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countercl ockwi se direction of Fig. 18. The hol di ng nmenber sensor 824, which
Is placed at the end portion of the transverse frame as a delivery position
for the rod, changes into the ON position after detecting reflected
light fromthe 15 striker 822 placed to the side portion of the rod
hol di ng menber 790 novi ng toward the sensor 824, and sends out the ON

signal to the control unit for the c%gveyor devi ce which is designed on
the control panel 754. The control urh v detects that the rod hol ding

menber 790 reaches the delivery position by using the ON signal from
t he sensor 824, and stops the drive notor 740 to stop the 20 holding
menber 790 at the delivery position. On the other hand, when
the rod-attachi ng/ detachi ng device 68 det aches the rod 52S fromthe
suspendi ng rod 52 by using the attachi ng/ det achi ng chuck 140, the

control unit for VﬁE\@ttaching/detaching device ‘drives the transverse
drive notor 268 tp e the rod 25 attaching/ detaching device 68 to above
the deliver positiomn ¢f the rod conveyor device 70. The control unit
for the attaching %gtaching devi ce pgceives the Eg
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61 rod hol di ng nenber 790 stopping at the renoving position, the rod
detecting sensor 844 detects the placing of the rod 52S. Thereby, the
control unit for the conveyor device drives the drive notor to
circulate the conveying chain 752 in a clockw se direction of Fig. 18,
and transfers the rod 52S toward the delivery 5 position of the end of
the transverse frame 738. The hol din nenber sensor 826 settled at the
delivery position detects the stri kert8g248 conblnedly noved with the
rod hol di ng menber 790 and outputs the ON signal. Thereby, the

circul ation of the conveying chain 752 is stopped, and chuck 140 of the rod
attachi ng/ detachi ng device 68 in ?hj:i%and y oSt at.e above the delivery
position 10 is noved down and gr e h€a 528 of the rod 52S conveyed:

to the delivery. position V%en t he attachi ng/ detachi ng chuck 140
gripping the rod 52S is ég up and the |lower end of the rod 52S is
nmoved above the delivery sens@&4 832, the sensor -83Z changes into the
ON position. Thereby, the contfol unit for the conveyor device
circulates the QnyeyLug_chaﬁh 752 in the clockwise 15 direction of Fig.
18 again in orJgr tgconvey the new rod 52S to the delivery . posi tion.
Wien the |ifting unilt f q 648 at t achi ng/ det achi ng device 68 is
noved up to a aredeternined iel ght, the control unit for. the
I 6?0 |
I I
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att achi ng/ det achi ng device drives the transverse drive notor 268 to nove

t he rod attachi ng/ detaching device 68 to above the suspending rod 52.
20 Synchroni zing control of the jack The synchroni zi ng
control for lifting up and down the boiler nodul e 56 in parallel is
carried out as foll ows. Fig. 44 is a program anal ysis di agram

(PDA) for explaining the 25 synchronizi-ng control of the jacks when the

boiler nodule 56 is lifted -up. The 29 4¥#&chronizing control of the jacks
wi |l be described belowwth reference to

60 i nformation that the rod hol ding nenber 790 is-at the delivery
position from -’ '
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the central control sSystem 640, and drives the elevating notor 144 of the
rod attachi ng/ detachi ng device 68 to nove down the rod 52S, gripped by
t he ‘att achi ng/ det achi ng chuck 140, through the rotation unit 138. The
rod 52S is 5 noved dowi and the end portion of the rod 52S changes the
recei ving sensor 836 into the OFF position. The OFF signal of the
~sensor 836 is sent to the Contﬁﬁf ggit for the conveyor device and the-
control unit for the at tachi ng/ e{ hi ng devi ce through the central
control system 640, whereupon the control wunit for the
attachi ng/ detaching device opens the 10 attachi ng/detaching chuck 140
of the rod attaching/detaching device 68; noves - up the rotation unit
138; and noves the attaching/detaching device 68 to the det achi ng
position for detaching the next rod 52S. When the rotation unit
138 is noved up, the control unit.for.the conveyor device drives the
drive notor 740 to circul ate theﬁgdﬁV@kJnégéhaln 15 752 in a

countercl ockwi se direction of Fig. 18. The rod hol di ng nenber 790

hol ding the rod 52S is noved down along the guide rail 786 and reaches the
removi ng position placed in the |lower portion of the rod conveyor device

70, wher eupon the rod dé4@{GAd)sensor 844 changes into the OFF _
position and out puts the/detection signal. Thereby the control unit- for
t he conveyor device 20 stofs the drive nmotor 740 to stop the rod 52S at

t he renovin ' e r e rod detectin
sensor 844 ?SI@\N}@C ﬁOIlSr??anMS(IL%ﬁ@bmar@m’@h Fenoved from tge
rod hol di ng nenb@uazgo by a worker, the control
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unit drives the drive notor again and stops the rod hol di ng nenber 790 at

t he delivery position. 25 On the other hand, in a renoving node
in which the rod 52S i s coupl ed to the end of the suspending rod 52,
when a worker places the rod 52S onto the

62 Fig. 27 to Fig. 30. At the start of operating the
boi l er jacks 60, the central control ?¥§%§n1 640 or the |ocal control
units 644A, 644B, ..., gives an operét'o i nstruction for operating

each of the boiler jacks 60 with the equal output, for exanple, the 5
rated output, to the jack controller 646 assigned with one of the jacks 60.

The central control system 640 or the local control unit 644A, 644B,
5O
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successively reads the stroke value (the stroke displacenent) of the boiler

j ack 60 to which the jack controller 646 outputs, a signal showi ng the
operati ng state of the degree of opening of the valve, and so on at
predetermned 10 intervals; and gives the information to the

j ack-operation detecting circuit 681 - in the synchronismcontroller 680
(box 710 in Fig. 44). The jack-operation detecting circuit 681

det ermi nes whether or not the jack whi%H 48s control |l ed (the controlled

jack) is in operation (box 711). Wwen the controlled jack is in
operation, the circuit 681 inputs a jack nunber of the controlled jack into
the 15 operating state discerning circuit 686, and sends the jack nunber

and the stroke di splacenment fromthe start of the operation to the
reference jack selecting circuit 682. The operating state
di scerning circuit 686 determ nes whether the collected jack is in

rated operation or not, by using the operation state of the 20 controlled
jack which is witten on the operation-state storing circuit 698 (box
712), and inputs the result of the determ-nation into the reference jack

sel ecting circuit 68@ The rkference jack selecting circuit 682 wites
the jack nunber and rgke dptg, inputted fromthe jack-operation
detecting circuit 681, initth imternal nenory; conpares the stroke

val ues of the jacks in rateg

werat@pn 25 with each other; selects a jack
havi ng the mi ni num di_spljége

bni_from the initial posgtion; and defines

the sel ected jack_as—thdfte
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63 and 714) .- As shown in boxes 715 to 717, when the
controlled jack judged as being in operation fromthe jack data is not
the reference jack, the reference jack selecting circuit 682 sends the
stroke data of the reference jack and the 5 <controlled jack to the
deviation conputing circuit 684 in sequence in order to find deviation
[err] between the reference jack and the controlled jack. The

operating state discerning circuit 6867d8t er mi nes whether the controlled
jack is in a decelerating operation or not (box 718). Wuen the
controlled jack is not in t he decel erating operation, but in the rated
-operation, the circuit 686 connects 10 the deviation conputing circuit 684
with the conparing and determining circuit 690 t hrough the sw tching
circuit 688 to input the stroke deviation 6 found by t he devi ati on
conputing circuit 684 into the conparing and determning circuit
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690 with respect to the controlled jack (box 719). The
conparing and determning circuit 690 conpares the input 15 deviation
[err] with a reference value (e.g., 2 mr) as the maxi numval ue set in the
reference value setting circuit 694; and outputs a signal to decrease the

out put to the operation out put changing circuit 696 when the deviation
6 exceeds the maxi mum val ue; M s not output the signal when the
devi ation 6 does not reach the m val ue. The operation out put
changing circuit 696 20 continues the rated operation of the controlled
jack when the signal is not inputted fromthe conparing and

determ ning circuit 690, and out putls (3 .fi 8sy- step decel erating
command signal to change the output of the controlled jack into a

predet er mi ned out put (60% of the rg
the signal is inputted fR@MOthe ci
command 25 signal is sentf fromthe

put- i n the enbodi ment). when
p (box 720). The operation ,
al control system 640 or the |ocal

control unit 644 t hr o THE-CQ ' om tine 642 to the jack
controller 646 assigned wt kgﬁcﬁwli
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64 the controlled jack. The jack controller 646 receiving the signal

decreases the out put of the controlled boiler jack 60 to 60% of the
rated out put through the flow regul ating valve 666. As a result, for
exanpl e, when the boiler jack 60 is . operated in the ascendi ng node, the

ascendi ng speed of the ram76 is 5 decreased to 60%fromthe rating
(100%9 at point a shown in Fig. 46. Upon out putting the

first-step decel erating conmand for 4 d8nt r ol | ed j ack, the operation
out put changing circuit 696 wites that the controlled jack is in the
first-step decelerating state on the operation-state storing circuit 698,
and sends a tinme conputing start signal to the tinme conputing witing
circuit.700. 10 The tine conpuﬁiﬂg itkﬂgicircuit 700 conputes the tine
fromtime t[err] recei vi ng-t nst ion fromthe operation output
changing circuit 696 on basis of the output of the tinmer 702, and
wites the conputed tine on the operation-state storing circuit 698 in
accordance to the controlled @ 721). 15 In box 718,
fromthe operation state store§ g/operation-state storing circuit
698, the operating sOa@~di scerning circuit 686 deternines that t he

controlled jack is in the \decel erafyi ng operation, and connects the

devi ati on conputi ng| cCehuTE ROTATION he] devi ati on-zero det erm ni ng

circuit 692 by SPEED OF ATTACHING/
DETACHING CHUCK
2522*\ '

Y
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EEBQ*\X
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swi tching the switching circuit 688. Thereby, the deviation 6 found by the
20 deviation conputing circuit 684 is inputted to the deviation-zero

determ ni ng circuit 692. The deviation-zero determining circuit 692
det er m nes whet her or not the deviation 6 between strokes of the
controlled jack and the reference “jack is nore than zero (box 722).

When the deviation is 6 > 0, the devigt - zero determning circuit
692 outputs the deviation [err] > 0 @3/{28 operation output 25 changing
circuit 696. Upon inputting a signal showing [err] > 0 fromthe

devi ation-zero determning circuit 692, the operation output changing
circuit 65 696
reads the operation state of the controlled jack, witten on the operation-
state storing circuit 698, and the time since the first-step decel erating
conmmand is outputted; determ nes the operation state of the jack as
shown in Fig. 45; and :
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det erm nes whether the predetermned tine has el apsed.since the first-step
5 decel erating command was out putted. \Wen the predetermned tine has

el apsed,
decel erati ng command si gna
More specifically,
decel erati ng operati on,

t he operation output changing circuit 696 outputs a second-step
or a third-step decel erati ng command si gnal
when the controlled jack is in the first-step

t he operation output changing circuit 696

determnes 10 whether or not the pr&btéddrmined tine, for exanple, eight

seconds has el apsed
started. Wen ei ght seconds has

- decel erating operation was started,

since the first-step decel erating operation was

not el apsed since the first-step
the first-step decel erating

operation is continued. Wen eight seconds el apsed and the tine -

changes to tine t[err],

the 15 second-step decel erating
out put of the controlled jack (e.g.,
rating), and wites that the

decel erating operation on the o
Wth 6 > 0 and the controlled |j

decel erati ng operation, when the
seconds) has el apsed since the s
started - and the tinme chgnges
decel erati ng operation connagd ‘
controlled jack at, for exafpl e,
t he deviation 6 fqgﬁd b¥ftm

ek—PB¢ing in the

t he operation output changing circuit 696 outputs

command signal to further decrease the
the decrease of 40% of the
controlled jack is in the second-step
state storing circuit 698.
second- step
pregletermned time (e.g., three 20
ond-tst ep decel erating Rperatiqn was
tlo ti®de t[grr], the thigpd-step

i on-

operate the
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25 changed to less than zero, that is, when [err] O is confirnmed, the
devi ati on-zero determning circuit 692 inputs the above information
into the operation output

66 changing circuit 696. Upon receiving the signal showing [err] 0
after the decel erating operation for the controlled jack is started,

t he devi ation-zero changing circuit 696 converts the decelerating _
operation of the control jack batk 148t 0 the rated operation (box 726);
clears the conputing of tinme in the 5 tinme conputing witing circuit 700;
and revi ses the operation states of the controlled jack, witten on
the operation-state storing circuit 698, to the rated operation (box
727). After that, the above processes are repeated. Fig. 46 shows t he
stroke changing of the control in which the third-step decelerating
operation is carried out, and the operation output changing circuit 696
receives 10 the signal, showing [err] 0, fromthe deviation-zero
determning circuit 692 at :
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time t4, and the output of the controlled jack is converted back into the

rat ed _operation of the early stage. Wiere _a nunber of jacks have the
stroke devi ati on exceeding the reference val ue, each jack is
controlled in the sane way. The synchronizing control for the boiler
jacks 60 in the descending node 15 for |lifting down the boiler nodule 56
is also carried out in the same way. As described thus far, the
out put of each jack is decreased on baéfs of t he jack having the

m ni mum stroke di spl acenent, and the stroke displ acenent of the "
controlled jack is controlled t?ggfﬁggual ég t he stroke di spl acenent of the
reference jrack, so that the boil ulé3 as a nassive body can be
lifted up 20 and down in approxi mately horlzontal with the sinple control.
When t he out put of the contra ack is controlled, since the output
Is controlled to be decr eaqesrgkTa) predeterm ned output rate with '
respect. to the rating, the cont does not result in a conplicated

control and any Eﬂﬁtj ik ot needed, thereby
sinplifying the appafﬁ\fsr@§§ﬂgg§ cogt. The output is 25
decreased step by step ans:}acsmo at the stroke displacenment of
t he control |l ed Jac SYSKENDBEYGE PP r om ovér shooti ng under the stroke

di spl acenent : : | .
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67 of the reference jack. It is should be nentioned that
when the deviation is not [err] 0 after the predeterm ned tine, for
exanpl e, two seconds has el apsed fromthe input of the third-step
decel erating command, a signal to stop the operation until the 5 stroke
di spl acenent of the controlled jack agrees to the displacenent of the
reference jack nay be outputted, or glagrgatively, a stopping operation
command instead of the three decel er 40 6 operation conmand may be

out put t ed. I n the above enbodi nent, the synchroni zing control,
carried out in 10 operations for lifting up and down the nassive body
t hrough t he suspendi ng rod 52, is described, but the synchronizing
control can be carried out in operations for lifting up and down the
massi ve body by synchronizing a ]ﬁ j acks which are placed under
t he massive body, such as building‘ con t uction. 15 = In the
synchroni zing control for the jacks, when a difference in the st roke
di spl acenent between the jacks occurs, the difference is absorbed by
t he bal anci ng device 512 s T the girder 500. For exanple, in the
START - .
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ascendi ng node, when the difference occurs in the ascendi ng speeds of the
rans 76 of the boiler jacks 60A, 60B, shown in Fig. 24, each of which 20
supports the upper bal ance beam 516 t hrough the suspending rod 52, and the
speed of the boiler jack 60B for lifting up the rod exceeds the speed of

t he boil er jack A, the upper bal ance beam 516 rotates about the pin 520
in a cl ockwi se direction of Fig. 24. Additionally, the upper bal ance
beam 516 i s ‘pivotal Iy provided td&la’&ispensi on-exchangi ng pl ate 514,
and a cylindrical seat 25 550 and a bal ance receiving seat 608 are pl aced
bet ween a nut 55lof the suspendi ng rod 52 as a coupler and the upper

bal ance beam 516, and al so the : :

68 upper bal ance beam 516 i s sipbrGed 4hﬂough the cylindrical seat
550 and the: bal ance receiving seat 608. |In consequence, even when the
upper bal ance
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beam 516 tilts, the tilt is absorbed by the cylindrical seat 550 and the
bal ance recei ving seat 608, so that the suspending rod 52 is prevented
fromreceiving a 5 large bending stress. The runout of the shaft of the
suspending rod 52 is avoi ded, and also it is avoided that the
detaching process for the rod 52S is conplicated or the use of the rod
52S i s inpossible by reason of the. bendlﬂg the suspending rod 52.
The above description is the sane wi ¢ descendi ng node. 10

Where the difference in the ascendi ng speed occurs between the right

and left sides or both ends in the |ongitudinal direction of the girder

- 500, that is, where the difference in the_ascendi ng speed occurs

bet ween t he suspendi ng rods 52Fuddét .t ¥ Boiler jack 60A and the

boil er jack 60C shown in Fig. 25 or in both sides of Fig. 26 in a
direction perpendicular to paper of Fig. 26, the 15 difference of ‘the
speed i s absorbed by the | oad receivihg—sys{em 534 pl aced bet ween the
| ower bal ance beam 518 and the gi rdor exanpl e, when t he
ascendi ng speed of the rod 52 connectedg-te—the boiler jack 60A exceeds the
ascendi ng speed of the rod 52 connectedjto the bo %gPIaCk 60C, the | ower

seat 20 536, supporting the glrder ; oh a receiving seat 540, in a

cl ockwi se direction of Wig . B}

provi ded on the suspen5|on-*«changEnggglat- 4, connected to the | ower
9 =" pi.n 522, so that it is

424
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stress acting to the suspending rod 52 allows the suspending rod 52 to have
the 25 -runout of the shaft, thereby preventing the suspending rod 52 from

damagi ng bei ng damaged. The above description is the same with the
difference in the ' 69
ascendi ng speed produced at both end of the girder 500 in the |ongitudinal
direction, and also with the descendi pg /mde. Not e t hat, when
t he devi ati on exceedi ng the predeterﬂﬂgég%value occurs between the

stroke di spl acenment of the boiler jacks, the control unit 5 <carries out

t he af orenenti oned synchroni zing control to decrease the output of . the
boil er jack having the |arger stroke b: pl gcen@nt,,| and control the
ascendi ng speed to even the strokes of%theggdg er jacks.
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a

I ndustrial Availability 10 As described thus far, a lifting jack, a
nmet hod of coupling suspendi ng .rods, and a |lift control nethod according
téd the present invention are appropriate to be used in a connecting and
separating operation of a - suspendi ng rod and. the handling of the -
suspending rod, and a lifting operation using a group of jacks, when a
boil er nodule of a |arge scale electric-£§mer 15 plant or the like is
lifted with the suspendi ng rod. 44/

Cl ai nms 1. Alifting

70 .
j ack havi ng a neans for attaching and detaching a rods to and
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froman end of a suspending rod, when the suspending rod for lifting is
formed 5 by screwing and coupling the rods in the axis direction and the

top end portion of the suspending rod is |ifted up and down by the

j ack, conpri sing: a chuck neans for chucking a head part of the
rod; a rotation unit having a shaft driven to be rotated by a
rotating notor - and connect ed mnt@ ?%d chuck nmeans, and having a

di spl acenent absorbing |o neans on é 6§ | i nki ng an out put shaft of
the rotating notor to said chuck nmeans; an el evati ng neans
for vertically noving said rotation unit in response to screw pitch of
-the rods; a rotation sensor detecting the rotation of said
chuck nmeans; and 15 a controlling neans for finding the anmount of
the vertical novenent of sai d chuck neans from an output signal of
said rotation sensor, and for vertically nmoving said rotation unit

t hrough said el evating - neans in response to t he anobunt of the vertical
novenent . 20 2. The lifting jack according to claim 1, wherein said
di spl acenent absor bi ng neans, placed on the path of |inking the output
shaft of the rotating notor to said chuck neans, has a shaft direction
di spl acenent absorblng means and a rotation shaft run-out displacenent

absor bi ng neans.
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25 3. A nmet hod of coupling suspending rods, which is for coupling a rod

to an end of a suspending rod for lifting, formed by screw ng and
coupling the 71 rods
in the axis direction, conprising the steps of: opposing a -
screw part of the rod to a screw part of the top rod of the suspendi ng

rod while gripping the rod wwth the rqigt%on chuck neans;

detecting a predeterm ned shaft di r e84 di spl acenent of the chuck 5
means, caused by rotating the chuck neans at a | ow speed at the opposing
posi tion; and rotating the chuck nmeans at a high speed while
novi ng down a rotation unit, driving to rotate the chuck neans, in
response to screw pitch of the rod to

FIG. 47

10

(1)
12

10 SUSPENDING ROD

(2) (108 ROD )



couple the rods by screwing. 10 4. The net hod of coupling

suspendi ng rods according to claim3, wherein t he predeterm ned anount
of the shaft direction displacenment of the chuck means is defined'to
be a val ue corresponding to a pitch of a rod coupling screw. 15 5. . A

met hod of coupling suspending rods for coupling a rod to an end of a
suspending rod for lifting which is fornmed by screwi ng and coupling the
rods in the axis direction, conﬁﬂVéﬂﬁg the steps of:

gripping the rod in a suspending state with the rotation chuck neans;
rotating the rotation chuck neans at a | ow speed while the rod is being 20
centered on a screw part of the top rod of the suspending rod;

inserting a screw part of the gripped rod by noving down the rotation

chuck; detecting a predeterm ned shaft direction displacenent
of the chuck means with thewﬁpgi ment in the rotation at a | ow speed
by using back-lash of 25 a screwf .and 8 rotating the

rotation chuck neans at a high speed while noving down a
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rotation unit, driving to rotate the chuck neans, in response to screw
pitch of . the rod to couple the rods by screw ng. 6. Alifting
jdck for lifting through an upper portion of a suspending rod 5 for Iifting :
which is forned by screwing and coupling the rods in the axis

di rection, conpri$ing: a jack placed on a supporting frane;

a rod attaching/detaching nmeans for 2 ﬁ%ng the rod, positioned above
said jack, and attaching and det achi §/p rod to and fromthe suspendi ng
rod, 10 which i.s provided to rotate and vertically nove and to nove from
t he attachi ng/ det achi ng position; and a rod convey neans
for continuously conveying the rods while
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circulating between a position to deliver the rod through a gripping

position, whi ch is provided on a noving route of said rod
attachi ng/ detaching nmeans, 15 and a rod storing position. 7. The
lifting jack according to claim®6, wherein said rod convey neans has a

frame assenbled with nodul es and having a direction changing portion
of a sprocket to change directions of a conveyed body, and is changed in a
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att aCh'thﬁ/pi‘éﬂé’t‘éhh%mnﬁﬂﬂtﬁé“ﬁldfpdxrecnon ispldcRend® Vf th®Bhuck means
| is defined to be a value corresponding to a pitch of a rod coupling screw,

5. A method of coupling suspending rods for coupling a rod to an end of a

suspending rod for lifting which is formed by screwing and coupling the rods in

the axis direction, comprising the steps of: !

gripping the rod in a suspending state with the rotation chuck means;

rotating the rotation chuck means at a low speed while the rod is being

centered on a screw part of the top rod of the suspending rod;

inserting a screw part of the gripped rod by moving down the rotation
chuck;

detecting a predetermined shaft direction displacement of the chuck
means with the engagement in the rotation at a low speed by using back-lash of a
screw face; and

rotating the rotation chuck means at a high speed while moving down a
rotation unit, driving to rotate the chuck means, in response to screw pitch of the

rod to couple the rods by screwing.

6. A lifting jack for lifting through an upper portion of a sﬁspcnding rod for |
lifting which is formed by screwing and coupling the rods in the axis direction,
comprising:

a jack placed on a supporting frame;

a rod attaching/detaching means for gripping the rod, positioned above
sald jack, and attaching and detaching the rod to and from the suspending rod,
which is provided to rotate and vertically move and to move from the
attaching/detaching position; and

a rod convey means for continuously conveying the rods while circulating
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between a position to deliver the rod through a gripping position, which is
provided on a moving route of said rod attaching/detaching means, and a rod
storing position. )

et

7. The lifting jack according to claim 6, wherein said rod convey means has
a frame assembled with modules and having a direction changing portion of a
sprocket to change directions of a conveyed body, and is changed in a circulating
distances thereof according to changing of working positions of the deliver

position for the rod to said attaching/detaching means and the rod storing

position.

8. Deletion
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rotation unit, driving to rotate the chuck means, 1 resmm""dt

the rod to couple the rods by screwing.

6. A lifting jack for lifting through an upper portion of a suspending rod
for lifting which is formed by screwing and coupling the fods in the axis
direction, comprising:

a jack placed on a supporting frame;

a rod attachmg/detachmg means for gripping the rod, posmoned above
said jack, and attaching and detaching the rod to and from the suspending rod,
which is provided to rotate and vertically move and to move from the |
attaching/detaching position; and

a rod convey means for continuously conveying. the rods while
circulating between a position to deliver the rod through a igrippirig position,
which is provided on a moving route of said rod attéchingdetaching means,

and a rod storing position.

7 'I’hé lifting jack according to claim 6, wherein said rod convey means

has a frame assembled with modules and having a direction changing portion
of a sprocket to change diréctions of a conveyed body, and is changed in a
circulating distances thereof according to changing of working positions of tlie
deliver position for the rod to said attaching/detaching means and the rod

storing position.
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Abstract

A rod constituting a suspending rod is automatically connected or
detached, and a rod is easily conveyed between a position where the rod is
delivered to rod attaching/detaching means and a position where the rod is
contained. A plurality of jacks are operated in synchronism. In the upper part
of a boiler-side steel structure (58) is provided a boiler jack (60) for moving a
boiler module (56) up and down via a suspending rod (52). Above the boiler
jack is provided a device (68) for automatically attaching/detaching a rod. The
device (68) is movable horizontally. The rod attaching/detaching device (68)
grips a rod (52S) at the end of the suspending rod pushed up by the boiler jaék,
rotates it to remove, and transfer it to a rod conveyor device (70). Upon
receiving the rod from the rod attaching/detaéhing device, the rod conveyor
device conveys it ro a rod container (54) provided on a working floor (42). A
plurality of jacks (60) are driven by synchronous output operation, the
displacements of stroke of all the jacks are measured to find the differences
between the minimum displacement and the other displacements, and the
output of the jacks (60) of which the differences are larger than a set value are
decreased so that the displacements are equalized to the minimum

dieplacement.



