; €3eJ>JL6T>L03 Decenber 2003 MULTI PLE Al R HAMVER APPARATUS AND EXCAVATI NG
DI RECTI ON CORRECTI NG METHOD THEREFOR Fi el d of the Invention 5 The present
invention relates to a multiple air hanmer apparatus including a plurality
of air hammers and its excavating direction correcting nethod. A
conventional multiple air hamer apparatus including a plurality of air 10
hammers distributes the air supplied fromone air suppég line to each of

the air hamrers to activate it. Because of that, in th83daaesmerct¥3 air
hamrer apparatus, all the air hamers are si rrultaneously activated as the
air is supplied fromthe air supply line, and are sinmultaneously stopped as
the air supply is stopped. 15 The nulti plle air hamrer apparatus with such
construction has a problemin that: when one of the air hanmers becones a

| eaki ng state, the other air hamrers cannot be sufficiently supplied with

the air, so t ULTIPLE IR H RMMERATRRREPITANDEROANFNC -

decreased excavation. To prevent this mal function, very rge anou

air nmust be suppl |BHRE(CTB@W@RRE@TIN@METHOE%WEEFOI"@DGIHeSe
Pat ent Publication No. 3-45195 discloses a nmultiple alr hamrer apparatus
that is provided with a function to correct an excavating direction.
However, if the air hamrer apparatus has such an excavating direction
correcting function, the deyi&esns e~ ahd ol ex breover, its
correction 03 Decenber 200 peratr stofer abl e tlne The
present invention has been developed in V|em10f the above-descri bed

Ci rcum;tances; E 3 has as.its object the provision of a multiple air hamrer
5 apparat us ng direction correcting nethod which has a
sinmpl e cogstructiof, L gy,,efficient, and which can easily
correct the excavati ngﬁof"%?teé Ve%I?%EI ﬁ”%?sdé? ? oMUtHRIR A (R mETo FEP#EET | bed

obj ects, the ipcledienta iphvelityi 6 air€kdrh@ersi S k@i &C;th%dalr&ﬁ%%dcéﬁe&nwl tiple
air hammer rg Latus in which a 10 plurality of air hamers for strrking
bits mount ed B8 front end are di sposed in a case and are activated by air
supply, wherein: each of the plurality of air hamers is independently
operatable. According to the present invention, in a straight excavation,
the earth is [eescapadnedt Byjatag¢farvating all the air hammers. In contrast. when
correcting the 15 excavating direction, only an air hammer which is

posi tioned in the ®6PRatioRal nudtiplemi hanerotri appehsfinclatiingansluenity of bie earth

in the coxre cavat strikin vibrating in a
predet er (rpr?negltag%l]otﬁﬁtﬁgh X Ssthg e Seugpﬁ‘f‘fj Fré%%%léﬁgkp%bgl%ttpi%%@?w flst at i ng

all the air Hhanmers toTa*taﬁf@tbyn tBRcAist HRPE! (AR c%wén%%fﬁsﬁ% er
excavation toward the direction that the excavation IS advanced, t hat
is, the corr@EParaiuscilt thg@ir hammern ase slheﬂteumvbztacngaudd rechd oin id ﬁlp‘pﬁétﬂ ect ed.
In order to ggfl aﬁkkg ?12 Ny de cribed lOtH s, .the present invention
recited in clai m PPEct&a atn FRSTREeRR yéf‘fppﬁgrﬁ%eﬁhee?@bé‘#ﬁt Y¥igsas
defined in clsmpped., wherein the bits are provided with an

ext endi n% cont ractll ng nmechani sm

. he multiple air hammer apparatus with such construction has a problem

in that: when one of the air hammers becomes a leaking state, the other air
hammers cannot be sufficiently supplied with the air, so that the striking power
becomes weakened, which leads to decreased excavation. To prevent this
malfunction, very large amounts of air must be supplied to the multiple air

20 hammer apparatus.
Japanese Patent Publication No. 3-45195 discloses a multiple air hammer

apparatus that is provided with a function to correct an excavating direction.

However, if the air hammer apparatus has such an excavating direction

correcting function, the device s large and complex. Moreover, its correction



25 According to the present invention, in a case where the excavation
progresses by building-in a casing at the sane tine as the excavation, the
air 03 Decenber 2003 3 hanmer can be pulled out and be collected to the
starting side by contracting a bit after the excavation has been carried
out. Thereby, the excavation can be carried out regardl ess of existence and
a size of the reached vertical shaft. Mreover, in order to achieve the
above-descri bed object, the invention 5 recited in cl aDthedemnkinr2i3ed to
an excavation direction correcting nethod of a nultiple air hamer
apparatus in which a plurality of air hammers for striking bits nounted at
a front end are disposed in a case and aje .activated by air supply;
wherein: a striking power of each of the bits is adjusted by separately
control ling operation of one of the plurality of air hamers so as to
correct an exwargsipnmaked Combideeaitie dme. According to the present invention, the
excavating direction is corrected by, for exanple, activating only the air
hanmer that is positioned in a direction corresponding with the correct
excavating direction and stopping the operations of all the other air
hammers. Alternatively, the ¥24MARYAF JHFERYVENTIG@Ncorrect ed 15 by t aki ng
advantage of a difference in excavating speeds caused by differentiating
the striking power.of the air ha r that is positioned in the direction
cor respondi ng wi t HEHESERY Mgertionnas baen figyelnneddn visw of theobdes-desribedi eve

t he above- desgti j i tihon recited.in claim4 s directed
to a swivel devirgggnmdﬁ?{:%%ﬁlg%}a?gg %E(lgd{h?n?rgv'ég)@ho%f’ @uhiﬂlﬁ &’ %‘@mi"{?r of
rotating Supppperpiupesd itshexcavititg) didedtionecdRiFihs Thélfod JIRAS Fas & EALALT ON
body which is rotatably provided to the case, an end of the rotation body
bei ng connecf@'&FtWTt“Pﬂt%’@‘Cﬁl U &nerey efficimpphryd pivbiek; can phsibyaldotyecofthe ecesses
whi ch are fo%ﬁ@a@aﬁﬁg&i%ti%ﬁt ation body with predeterm ned intervals and

defi ne supply chanbers between the rotation body and the case; a plurality

of supply passagesdn 2bdenttbcdthisve theOrbBek-aéschbad bBfedlsl Pk B%Xntaﬂﬂemion
respectively connect the supply chanbers and the supply pipes to each
other: and a’PI6d aRiclaimot i distted ¢manmaitiplevaircheramer hpparewsat whiehcase Wit h
pr edet er g nedy : cate Wt he case. 03 . December 2003

: 1 Accor di nggltdgﬂgrﬁ(eﬁ%lrr gg@ﬁ?rfﬁggﬁml%i?l%t 1?1‘8“’38& Pt g g'ﬁgt o 4R &ispGERs] P & hanber s
are changed wvasehartdherer attaatednbpfait REpFIAL dhbRih:POAY: o Md PRl Al Owag]pl y
channel s conHecting to each supply chanber are successively changed: Hence,
if the flui d™¥EMEGIpMdgRendgnignpyerataplerti cul ar supply channel, the fluid is

supplied to only . [.heing connected to.the particul ar
suppl y channel , sgc%ﬁg%@ﬁﬁgwpﬁe?%;}tégﬁmg@ns BAHHERT Sy dbF edth Be suppl y

pi pe that isobeiagd ppsictivaingdall thedaip b, arindidnadd When H%ctiﬁé‘t}?en
excavatll%n ag&%r atus provided with a plurality of excavation toofs for
exanpl e, >t he“ ¥R figsrtignr apbi o airahammer ovhide e gositionédy imnbe abfieci ent | y.
10 In order gigcaehieys 0 s¢ribed .obj ects, the invention recited
inclaim5 is di (Q(I:t ed v%%ggﬁﬁﬂ%{rﬁ%ﬁ%ﬁg’l erarﬁ]d ¢ COFSSRALERHON 18 SXFrvakidng: a
case; a rot ab¥ etrilinglyandhiibhating imtaapaldeierRiedi S88ui0 tNECaE eadl gnd of
the rotation bod% ‘gglgn ,connected wth a plurality of supply pipes; a
plurality of “{FELEEERYS STKingPyasosatmgralisiye air hamemerst aTheebpably aisiHanmer
predeterm n e Y& d LA uppl,y, 15 chanbers between the rotation
body and thgéijggge; g Sf e&?é;sl F%L%?&SE%‘E#Q E‘Ssg'éﬁcé‘?”mmaﬁﬁh%reéc?wwwsat t he
rot at i oR0bodydvamcbdy depes; theetotreeodnectiod, NaidSHHRR! the Cék%?%?i\r?% @iﬁé’ct?o'ﬂe‘ suppl y
pi pes to each ot hgr; and a plurality of supply channels ich are Formed at
the case w t‘f?”ﬁF@ etermned intervals and comrunicate with the case,
wherein activatiof g4k, b ihed froman.air supply device to each of 20
the plurality of su%&%ﬂ,@ﬁ?ﬁg‘% Ie ot e&‘érf'ifds‘bbls‘ggt e RTRanb inyenionat  on of
ai r hamer s regittdciordiaimt 2 andiesceaviatthé enulipie Glrl m @Ha InPad c‘?ef?rﬂ:% iﬁr esent

i nvention, the aﬁtivat_ion air is supplied through al'l the supply channels
in the straigHE existein therbitsaneprojsiediveith arcesitomding/oomtidcting nsdehmhis@d to t he
supply ghanbers th : gnand _comuni cate . with the supply 25 channels,
and is further sup%h(ggé ?&otr}ﬁgt%rgse%dm?m@ﬁaﬁ%é’ CREs tpherepithe 1expamationvi a t he
suppl y passagesesad bt aildpnhYa Pi t tHae. . gl he _air hamers. are
activated and the earth i lsﬂ%uni for%?g;ae%a{/ag%ggm?ozlstlhﬁsexﬁgvaé?@a ad
straight. In contrast, when correcting the excavating direction, for
exanple, an air pressure




03 Decenber 2003 of the activation air that is supplied to the supply
channel positioned in the correct direction is set higher than an air
pressure of the activation air that is supplied to the other supply
channel s, and the activation air is supplied. By this nethod, only the air
hanmer conmmuni cating with the supply channel at the 5 correct direction can
excavate the earth with a stronger striking power than _the others; in
consequence the entire air hamers gradual |y progress PR ereralpn 2043
direction and thus the excavating direction is corrected. As described
above, the excavating direction can be easily corrected by only controlling
the supply operation of the activation gir that is supplied to the air
hanmers. 10 In order to achieve the above-descri bed objects, the invention
recited in cgain16 is directed to a nmultiple air hamrer apparatus,
conprising: 4*REGHEN By geledioutangere galisviedde thnstartmentideaby amisacdigte

hammer case, p} g j rovided.wth a.plurality of neasurenent

poi nts on a Ibi Eﬁ‘e# ?%ms{cﬁga%f((:)g%% Lk 2 Cﬁ”f‘e\gld‘?‘ﬁl EBF@%H BA SHELFRUSP S8t & ni ned
intervals, wheried nutaegilesd dfskisdénck RRd BANRRIF tHeoreGARE WL Li8gPect to a

pl anned design lipe is determ ned by determ ning positions of the plurality
of neasurenent poi"HYEOMENtIA aréy e dchiese threalpivandesdrittesolgect| theeinvédticer der to
achi eve tshe gbpye; [ . R s, the invention recited in claim7 is
directed to a mul ﬁjgl?@{ gﬁg(ahrg&njgr@r% Apsaraptien %HSFﬁb‘i"i EPmEFIng Mahrdof@ase; a
plurality of maitiplhaimiemsesappiradsan hatised Aad; ' 1 20
case and are activated b alpg supp'llqy S0 as tolé{éfgg%%ﬁng&%%n{]gg}% a
front end; aPFOBOWHPEH 4 Sonteadiar diyPased iree tat anidtane actbacdd Bnsir epgie hamer

case; a plurg}lly. i pes .which are connected with the hamer case
and supply a\git“i%r%%lf ?fgtrﬁﬁ(glfé’%%&toﬁgaﬂ] ?ftﬁﬁhﬂéfssﬁd?‘ﬂsé R ssnpeatety capwolingwi vel

devi ce whi chomupiohi afforknsf e bl OF A kB &Na2id cHHRPLY JeYi g8t 0 the
pl urallt}s of _squIy pi pes, erein 25 the mnu tlp?e alr hamref ap AFatus is
arrangec] so HEl®Nbe insertable into a casi ng. In order to achieve the
above-described ofject.s ﬁ% ﬂ% I nventi on.rethed inclaim8 is directed to a
rod which is connected ot HCPHRIE ipeation the sxeavating dieetansisgooetedd with a
plurality ofbyatdr dxampR! SctiviatiRRloh&SthRldir hfind i pk 03 Decenber 2003 6
ai r hanmer apparatus, and tragsmgltss rotat ogpv{éy(kzsteﬁ%ktgpnﬁgdﬁﬁl FSr8%Bover to
the mul ti pl ECFRFPOREingeYitfisatcateat sxcahatingodiratioprangi sieppink i dhePitR@sWhi ch i s
hol | ow, a ply,ald - rsupply, . pi pes di sposed around the nmain pipe, the
plurality of g?rthi%%%{%}ﬂb%%%ggr eéﬂ@gfait\)’@lyyt € SPRANALIAG dReian is cogeetrd air
hanmer s15andycakiggt hdnstape WoF CH  affferfREmed h e f _the,min pipe
and the pl ur@éi ty.of air supply pi pesf. Accor g{‘cr?g”%’gbt%%%%?e"s%‘ﬁ?di Venti on,
the air can BEcTEAMINg 18 pirdippipower tof thaalr Mmibe tidtris LS fih GRE t he

plurality ofg; ke I ssa whi ch are di sposed around the mai n pipe;
t her eby, each %tEO'fﬁe )5’# Or"%?%?ﬁgg iﬂeccgﬁreﬁteexfe"%‘% IESCHPR: act i vat ed.
In order to achieve the above-described objects, the invention recited in

claim 4 is directed to a swivel device which supplies fluid into each of a plurality

20 of rotating supply pipes, the swivel device comprising: a case; a rotation body
which is rotatably provided to the case, an end of the rotation body being
connected with the plurality of supply pipes; a plurality of recesses which are
formed at the rotation body with predetermined intervals and define supply
chambers between the rotation body and the case; a plurality of supply passages

25

which are formed at the rotation body and respectively connect the supply
chambers and the supply pipes to each other; and a plurality of supply channels

which are formed at the case with predetermined intervals and communicate with
the case.




The invention recited in claim9 is directed to the rod as defined in claim
8, further conprising a water supply pipe arranged around the rod.
According to the present invention, water can be delivered because of the
wat er supply pipe provided around the nmain pipe. 15 The invention recited
inclaim10 is directed to the rod as defined in claim8 or 9, further
conprising an auger w ng arranged around the main pipe. According to the
present invention, the excavated soil can be efficientP§Ogcephmar 3pecause
of the auger wi ng around the main pipe. 20 The nature. of this invention,
as well as other objects and advantages thereof, will be explained in the
followng with reference to the acconpaq%ing drawi ngs, in which |ike

ref erence characters designate the sane simlar parts throughout the
figures and wherein: Fig. 1 is a side viewof a nmultiple air hamer

apparatus; Fig. 2 ASccadlaud@tl&q%sdﬂﬂlrWeﬁﬂ\brPfth@ oA ﬂ&frh@gzﬁi R 1S a
front view of th(ﬁ | eadi ng hamrer; 03 cenbgr 20053 7 F ! Cﬁ‘léiggesectl on

vi ew of the %44 ﬁ@eﬁmmemmﬁ@mqf’m Tqtatidn bndFisg. th#; thei gpp¥ ¢idnaelsi de
viewof aro [ of the rod; Fi 7 is_a side section
doonEétﬁmEGm esa§ﬁ1 Eyglg cha Sh LR SUGCETSIYElS © hgrageél} O,I,—&npq: né B8 in

view of the rod sectl

Fig. ~ Figs. l19¢ as)su@(vbéd w(ﬁﬂﬂmaam@ta@rsypmk%ﬂ@nﬁe@rzhé g PR, 1';&1" Ofpnif he
mul tiple HQarme pparatus; Fig. 10 is a side section v lfoasvvlvel

devi ce; ?LS‘i‘F?E% ﬁbvliné\ﬁoalﬁecttwetogm petmcdkavsu;ml;alcbmel lsﬂ&héﬂthél in
Fig. 10; 10 Fi.8d I rget Figs, .13(a)-13(e) are
expl anatory vi ews 18% §€El tfvregp !'%‘}wito {'he SHB SRS H’I%%P‘?‘“&&Hﬁﬁﬂﬂedﬁ%@
14(a)- 14(e) @aﬂxceiapldaaatc@lrymuevm ahQ¥chRGioRR IL air
hanmer; and 1? gs. 15(a) and 15(b) gre 3 SF%@%%@Em&%dé Gmﬁqﬁlu%¥V¥em1
respectivel y? 8¥°atvﬁ'é0ﬂﬁ9|0fsl for example amercavapeadataion dandRaloRRE e EAGH MmNt .
Her eunder pr%ggffﬁgenggbodl ments of the multiple air hamer apparatus and
excavating direction correction nethod therefor according to the present

10 In order to achieve the above-described objects, the invention recited in
claim 5 is directed to a multiple air hammer apparatus, comprising: a case; a
rotation body which is rotatably provided to the case, an end of the rotation body
being connected with a plurality of supply pipes; a plurality of recesses which
are formed at the rotation body with predetermined intervals and define supply

15 chambers between the rotation bedy and the case; a plurality of supply passages
which are formed at the rotation body and respectively connect the supply
chambers and the supply pipes to each other; and a plurality of supply channels
which are formed at the case with predetermined intervals and communicate with
the case, wherein activation air is supplted from an air supply device to each of

20 the plurality of supply channels selectively so as to control activation of air
hammers and correct an excavating direction.

According to the present invention, the activation air is supplied through
all the supply channels in the straight excavation. The supplied activation air is
supplied to the supply chambers that rotate and communicate with the supply

25 channels, and is further supplied from the supply chamber to the air hammers via
the supply passages and the supply pipes. Thereby, all the air hammers are
activated and the earth is uniformly excavated to thus be excavated straight. In

contrast, when correcting the excavating direction, for example, an air pressure



20 invention will be described in detail with reference to the acconpani ed
drawings. Fig. 1 is a side view of a multiple air hamer apparatus, which
conprises a | eading hammer 10 and a propul sive device 40. The | eading
hanmer 10 excavates the earth and | eads a casing 12, and the propul sive
device 40 provides rotation and propul sive power to the | eading hammer 10.
25 Initially, the construction of the |eading hammer 10 is described. As
shown in Figs. 2-4, the | eading hanmer 10 is provi ded @8t0ecenitsenBO03case
18, 03 Decenber 2003 s in which three air hammers 16A, 16B and 16C are
housed. The air hammers 16A-16C conpri se hamer cylinders 20A-20C and
hamer pistons ?=.4-22C. The hamrer cylinders 20A-20C are cylindrical, and
bit chucks 24.4-24C are nounted at the fyont ends of the hammer cylinders
20A-20C. Bits 26A-26C are 5 slidably supported at the bit chucks 24A-24C.

The hanmmer pi gt - 22C Sl i I rovided in the hammer cylinders
20A- 20C. The Jmfg%ﬁ‘soﬁoﬁg W8 R HRR iR il Rty RS TRERE BBA. 20C
when bei ng drdovtett ditdctioh he se iigharnbhi ad dir prasairk o?éﬁ@la&i&iﬂ%%sai%ﬁ@s whi ch

wi Il be described |ater. The hamer pistons 22A-22C slide in the hamer
cyl i nders 20AYBREsd ta M other SRRl chenesle ahd thssaativatidreaibit Sippbed.268) drie

thereby stru the., rpistons 22A22C. As _shown in Fig. 3, the bits
26A-26C are ﬁﬁﬂ? 4 Js}lz}mg orrntllﬂoné%g FRRYURIAIRS AL { dSLﬂpé’l)sGbg‘P’EﬁtqtéPFy form
a circle as aombaldirecBod cieetdavaBAn@ B&rtiaingthRd QvbilRf strkitdBoREL $aRGA: 26C for

extending the outer dianeters of the bits 26A 15 26C by projecting fromthe
outer peri phétiess Bropsgueyiceshe gmtirgeds haxmmersoguadiallyRprgereds it e dirtect eet h

28A-28C are s I ovi.ded to gui de grooves 30A-30C, ich are

respecti vel y%%lggg?rf@dé{% [lluﬁe ?F’cﬁ?ﬁvag%lgl%&mc“h@ fAresiede as %gcﬁ%ia@?ﬁ“&e

grooves 30A- ICe:afaatin@r Mtib@@hﬁ'bﬁ)’eaﬁ;ﬂ}o Bk f8e B?to?l[yzgg:ntf'&gn?mrpgﬁase 18,
a prede

and they are respectively fornmed by inclining a erm ned angl e
wi th respect opgratipreobihe acofatiohairthatiesupphise td Sie ardeimraérst he gui de grooves
30A- 30C ﬁ@d t he bﬁt }%FHQ éﬁA—Z%g %s f%rne% li ke a trapezoid in its
section, whereby thE™ BT EEUEYF DEA IEEIaEDR] Qbishisether nyraton fecited 67 t he
gui de groovesladlAs 30GrecRdORPL MuMifS alreim S i.ng vi ng
range of the bit teeth 25 28A- 28cgnaraer fi Xe?%ﬁaﬁ%ﬁig{oﬁﬂ#&%{%%@%@gg The
st opper pi ns c&¥e aftpigeearoxided & o spairalgraove she hahmshouse) thetirgh tasisg f or med
at the guide es. 30A-30 The stopper grooves are forned in a

pr edet er ni neggcfvg&n@ép it Iad?%raﬁﬁ'eogﬁ'ie@sé‘r YoRnia9R oRe fom f}f?a?e“ﬁ?quor?g of the
bit teeth 28fdfQireftidh®ith pAitfetetMthed iRRNRC SITRE N 2R TiaBof IoF Bkt fimt?

regul ated by contacting the stopper pins wth the front ends o € stopper
gr ooves. | VovF#fg voith rehrechic 2 plapndd &BikndBE ik detehrinbd bl deremétiing pbiiciond S

regul at ed byomlré]g)%:rt i.tn% back ends 28a-28c of th??g’gi t teeth 28A-28C with
back end faces ity (gfm’taﬁ‘geﬂﬁi“d?é’“&ﬁ&i §spsoplogbeplagnahdesign lingeth
28A- 28C const r uct gdoakr deaafitRede ABOVEIRALES bbitR Wh%nﬁv%gfo%rrepﬁéd H{]er I es

of the bits 26A-26C by noving in the back end direction ItTection'to the

ri ght - hand sFigeminismiggeted)togf mubipl¢ emdiamgnéraapparatis) cowlpeisiipy at enmeit er

di anet ers of e, hi .26A- 26C extend.. At this nt, the.front end faces
of the bit tgses{a h? %},@féé&aar’reh%mFﬁe“q@ﬁ repF%Hf@goﬁngtaﬁ'@“g?‘bH’c thephpmgeles of
the 10 bitts 248-a26Gre &tivhiee botdesupPRND as Bl bitsSRbineBAr 28Gnt Bhd;act from

t he outer o .
rod which is coaxially connected with a back end of the hammer case; a plurality

of supply pipes which are connected with the hammer case and supply activation

air to the air hammers, respectively; and a swivel device which supplies the
activation air from an air supply device to the plurality of supply pipes, wherein

25 the multiple air hammer apparatus is arranged so as to be insertable into a casing.
In order to achieve the above-described objects, the invention recited in

claim 8 is directed to a rod which is connected with a multiple air hammer

apparatus provided with a plurality of air hammers, supplies air to the multiple



peri pheries of the bits 26A-26C by noving in the front end direction
(direction to the left-hand side in Fig. 2) of the |eading hanmrer 10,
whereby the outer diameters of the bits 26A-26C are contracted. At this
nonent, the outer 15 peripheral faces of the bit teeth 28A-28C are fl ush
with the outer peripheral faces of the bits 26A-26C. Exhaust channels
34a-34c are forned at the guide grooves 30A-30C of the bits 26A-26C,
respectively, and the air that is used for activation @3 Dagenhear 2083ner s
16A-16C i s discharged through the exhaust channels 34a-34c into an 20
excavation hole 112. Since the air is discharged through the exhaust
channel s 34a-34c, the guide grooves 30A-30C are prevented from bei ng

cl ogged by the excavated soil. Sufficiet number of netal chips (e.g., nade
of cenented carbide) 36, 36, ... are fixed at the front end faces of the
bits 26A-26Caang I e . d the earth.is struck by the
netal chips 36, %nﬁ@éﬁb%rg%ﬁ %@cg\%@% '%%%ém?f?) B35t TR OP ARl S (RPYS P HBE T ace)
of each of t hwiltiple sir26MnR6 Gpparatus nbs ré@&\ﬁﬁ%’iiizhgi aClﬂéllTngﬁ Ofvhidmes heagding
hammer 10, so that the front faces of the bits 26A-2 deefi ne a concave
face as a whlP ‘.‘rg@@ G¥esupplyiBgs disprsad erfupd shremain pipesthBedwrbiero2003 10

the air hamggisi 8iRP &L r of the air hammers is operated
har der than t[#gp %?Wers,sﬁéégg r'e ?Il%%é’gfefa&%o Ehﬁpai‘rok}aégmﬁv AL CORIYRENY eact i on
force gerfer avbithfarorfoticel archutinerds otthenaginf Ase ab@ W BlutNRy Quter sLFbE!SJ phery.

Next, the construction of the propul sive device 40 is descri bed. > shown

in Fig. 1, aPPfdpul sive base 44 is horizontally provided in a starting
vertical shaft 42x.4,dH ' is.laid.on.the propul sive base 44, and
the propul sive devicce_ 4§qlsst5§ﬁe(§§rgl 'W%nﬁlﬁﬁbmee%r o ‘?%é%@fﬁﬁtﬁfé SHRPIedE  The
propul si ve deashosf %6 dishanmescies tetflualiBy 8pulSiupplCyhdsnaar vifen The

pr opul si ve dg.vi ce 40 is driven by the propul sive cyl'inder 48 so as to slide
on the gui dedFBesed 280urgh dhe) main gpine:s theeehde\eacke ofOthies aioaremend cad s with a

soi | di sghar & he casing 12 is supported on the front face of the
soil di schar%@acgez}gaa&ateghd arod 11l is inserted through the casing 12.

Figs. S 6and 7 @heimesidierevit@iin dail O diVdRl BNl fochdBermRflih ! oW
respectively, of the rod 1, and Fig. 8 is a section view of the Tod | along
line 8-8 | ShitRrtk§rgomprismea waser supply mipnatrangetedbiind thbiieh t he t hree air

supply pipes 3A ter.supply pipe 4.are integrally fixed
around the main pggce"qg‘gg???éh%ﬁ?%”gﬁ’a nupT, E‘P aﬁ%lcﬁﬁ&f dﬁhberﬁﬁillbi:‘iaélsi)éﬂhﬁher al
face, a spi rahteshppbohiptgeidddngoindithe hﬁirﬁﬂibé‘_' ly fixed. Flanges 6a and 66

for conrlscti ng t rods 1 with each other are also integrally fixed at both
ends of ‘the mai n pipEVENLgHEecgd fin plajes 1@ ds alirdc®d thahe rad plsudedinietlyinof  bol t
holes 7, 7, ; f J ] flanges. wth each other with bolts. A
posi ti oni ng %Eimﬁ1 %Q{% %ﬁ%ﬁ?gﬁ‘g’aﬁg@ TreE I%H’&eﬁr@ﬁgﬁﬁ?q"én‘éﬁlﬁ TRARANEE- ( not

shown) is forned Atcordiag o6 kies prebadd GveBlion, He ngﬁfratetjoso‘i\'lo&ﬂetﬁat ettﬁragzni@.ds L

t he p05|t|on4.§r\lfg] |1r£ 8 that is forned at the flange 6a of the ro i's
fitted with ¢ a%‘e bpauee ofthe apgerigngrarpuad thewmatn pipge 6b of the ot her rod
1; 25 thereby, the main pipes 2, the air supply pipes 3A, 3B and 3C, and
the water supply pipes 4 of the rods 1 to be connected with each other are

respectively positioned h other. The three air
supply pipes 3A, 3B and N

20 The nature of this invention, as well as other objects and advantages
thereof, will be explained in the following with reference to the accompanying
drawings, in which like reference characters designate the same or similar parts
throughout the figures and wherein:

Fig. 1 is a side view of a multiple air hammer apparatus;

Fig. 2 is a side section view of a leading hammer;

Fig. 3 is a front view of the leading hammer;



03 Decenber 2003 length as the main pipe 2. The three air supply pipes 3A
3B and 3C are disposed to be parallel with the main pipe 2, and are

di sposed with a predeterm ned space to define a circle concentric with the
main pipe ~'. The three air supply pipes 3A, 3B and 3C are integrally fixed
on the peripheral face 5 of the main pipe 2 through fixing portions 3a, 36
and 3c. The water supply pipe 4 is hollow, and has the sane |length as the
mai n pipe 2. The water supply pipe 4 is disposed to beOgd?egarabergQds ¢ he
main pipe ~, and is integrally fixed on the peripheral face of the main
pipe Z through a fixing portion 4a. 10 The rod 1, which is constructed as
descri bed above, is connected with a case rod 60, which is fornmed at the
back end of the hammer case 18. The casd rod 60 is provi ded at the center
of the hamrer case 18, and has the same construction as the rod 1. Mre
specifically, an &ugeriswsbetld JiSy | - ' L E:heout e periphery of
a hol |l ow shaft GZ%LI e air sd?)?):03Ek%?%?éh%%%%gga@gglggé %‘%%Flcvmi ch are

i ndependent from &&#&H ideliide viemdf aradat er supply pi pe are di sposed around

t he hol | ow shaft ??g 6‘51[;1%%% e. r,oogftgo énd the rod 1 are connected with each
other so that their=Rof fow shalt¥ & air supply pipes, and the water
supply pipes are Faspachisiels¥ctianngsbethaWlih each other. As shown in Fig.
4, in the hollow shaft 62 of the case rod 60, a target 63 20 for position
determination is Eiﬁaﬁilﬁiééemhofhﬁmgéthared:alloegilinea-&)ﬁxt}figrm of a grid. The
target 63 is arragggsdg(%ﬁl_ tﬁl}é center of the ﬁarmer case 18. The target 63
may be provi ded i nTheChaREre SRIatasy VieWssoa e oneratioq ofithe mulvpleradt at i ng
devi ce 68 i shph@vt sgdrdnes;t he propul sive device 40. The rod | is driven by
the rod rotating device 68 so as to rotate, or 25 to turn to and fro,
successi vel y or i higeldfisa gde¢ bacrioThewt efaliwigehdsviger 10 rotates) or turns to
and fro, by the rgltaiion or turn (%f the rod 1. The rod rotating device 68
is provided with a%& ot RtOLHET I Mg srnrlfsvicsalenadingel Iby! whFigh! @:he
rotationgangl e of Fighes |0afbMAiAARPEL r%Q- can be determ ned. 03 Decenber
2003 12 As seen again fromFig. I, teh propul sive device 40 has a swi vel
device 70, which Figsphifer td) sietdaplanateey ivirde fendRipepamsadate nfllGpidi I i S
supplied from%_ﬁ%‘npressor 72, which is arranged on the ground, through the
swi vel device 6 the three air supply pipes 3A, 3B and 3C, which are

di sposed at the >Fipedi4la)- T LS., i to the air supply pipes
3A, 3B and 3Cis fl%l’t rﬁr) %g)piﬁ?é*é‘b{agat?hz@%qh’;ﬁ‘m° g%‘@ﬂ-‘?&f BTLH{?P\IG | eadi ng
hamrer 10, wHeh@bgperaedair hammers 16A-16C are activated. The air supply

anount f,qr each of. t ir rs 16A-16C is adjusted by separately
control Iiigng t he g%gﬁihﬁé%a%&m%{@g?rﬁd SifoViRY a5t achttorne i gcspabiedy, b

73X 73Z, whi b naileple afr heHRRAdbphis B Mfled i d e air hamers 16A- 16C.
By such individual control of the alir supply anount” for each of the air

hamrers 16A-16C, the striking power of each of the air hammers 16A-16C can

operation of eadd ADE S , BrThrher _
renote-controll ed 15 operation froman operation board |04 or manual
operation. A reference nuneral 106 in Fig. 1 is assigned to a |aser

theodol i te, whi cHi¢rsundsegreferedrembedimegtsast tha etiltpleGiahmimer @hpdri@s | eadi ng
hamrer 10. %gegx%glggd n%aasurement method is as presented bel ow. The | aser

t heodolite e 1s g FESHPT FeHRfinaiethodniherefpryatcosding riovthdepre@dt t o t he
case rod060.invdnEoh 3886 b& irdded; f l aser theodplite 106 to be
in parallel with a pllaﬁgg%mgggfrgﬁgulsllt ﬁ@h r%?@tn%g?q %‘g FRY™H Tayngss
perform ng the eXdaviaisiasideaseylodiamadtiplehtr Hapgner parnky Whidhh@ngsfieer of the
target 63. '5h§§ -ng hdaevi at gﬁ)n mount of the | eadi 2& hammer 10 wi'th respect
to the planne 4z G T ne” G8f HErPEtsErenfleidee H). ndhe deading dadewsratd on
amount of t kecRatehitid édgh 44 | e R Lhe target 63 with
respect to the center of a’?ﬁelgédas%%a{s&&l.fﬁﬁép%ﬁ%@é‘rvebagglrﬁeﬁ Rff’Y%ﬁi)ward
from the cef@fonand prepulaivgeowesto tht ldadingtdingadra®, t hat the | eadi ng hammer
10 devi gt es domgﬁr.d frtgmtheﬁf)l,anned line, The display on the target 63 is
transnitted via abNabY e sAtiRicHgR iadrihe deagdingapmmer 10 is described. As

shown in Figs. 2-4, the leading hammer 10 is provided with a hammer case 18,




03 Decenber 2003 13 5 communi cation by a position sensor (not shown)
provided in the hollow shaft 6., and the image is displayed on a nonitor
(not shown) on the operation hoard 104, which is arranged on the ground.
The operator operates the operation board 104 while | ooking at the imge on
the nonitor and perfornms correction as required. A reference nuneral 108 in
Fig. | is assigned to a soil discharging device, 10 15 whi ch di scharges
excavated soil that is collected in the soil dischargi 08 Dereendsd 2003t he
ground. The soil that is excavated by the bits 26A-26C of the |eading
hanmer 10 is carried by the exhaust air to the casing 12 through a space
bet ween the hamrer case 18 and the casing 12. The excavated soil is then
transported with the exhaust air to the &oil discharging case 50 by the
rotating rod 1, and is discharged to the ground by the soil discharging

devi ce 108. Si | 1S proyi wi th the auger wing 5, the

excavat ed so?lhr‘gkgﬁﬁ E%e%?'?ihé%?ﬁf?}gép ggﬁrﬁ“ﬂe}éd gret pusg-ou bl pedainaness of

excavat ed di St@RCEC cAmpetEheRGRr RYIRICA! zé,l\%cnmgd ga%éqei mqg&i ghed~to a
nder a

hydraulic unit for driving the propul sive cyli So forth, " and a
ref erence nunglcahanyner pylpdgrs 10A-20gnareneyliadtealpask dit frorcks MHeCLiOqrs! i p

additi ve and i ir-leakage. The. o ation of the multiple air
hanmrer appar an?(fjlgl\{ |(tzlﬁlleg{rém§e8§§??t&8 5@%%@“%@2&‘?8@@&%@@@%%@ 3¢ esent ed
bel ow i 5t slititay binpror2fiAn ZRCopicadidert A ENe Tht 48 8l RSl R0 ng

an ep

hamrer 25 10 are. contacted wth a working face) ropul'sive ctylinder
48 of the prdpuflidebly prevideé imthe kamineneyiindetse2(eb20Che Theadimgerhasere 10 and

e et 08 Lo L el R T St R S
[ cadi ng. hammer 10, and The TR Ry R P uifibes sberbsf 8RB 2005 14
hammer pistons 22A-22C slide in the hammer cylinders 20A-20C, and the back
10 end faces of the E?its 26A-26C are thereby struck by the hammer pistons 22A-
22C.

As shown in Fig. 3, the bits 26A-26C are in the same form, and they are
connected to substantially form a circle as a whole. Bit teeth 28A-28C are
provided to the bits 26A-26C for extending the outer diameters of the bits 26A-

15 26C by projecting from the outer peripheries of the bits 26A-26C.

As shown in Fig. 2, the bit teeth 28A-28C are slidably provided to guide
grooves 30A-30C, which are respectively formed at the front ends of the bits
26A-26C. The guide grooves 30A-30C are formed radially from the center of
the hammer case 18, and they are respectively formed by inclining at a

20 predetermined angle with respect to the axis of the hammer case 18. FEach of
the guide grooves 30A-30C and the bit teeth 28A-28C is formed like a trapezoid
in its section, whereby the bit teeth 28A-28C are prevented from falling off the
guide grooves 30A-30C.

Stopper pins (not shown) for regulating the moving range of the bit teeth

25  28A-28C are fixed at the bit teeth 28A-28C. The stopper pins are fitted with
stopper grooves (not shown), which are formed at the guide grooves 30A-30C.
The stopper grooves are formed in a predetermined length along the guide

grooves 30A-30C, so that moving of the bit teeth 28A-28C in the front end



Mor eover, the conpressor 72 is driven at the sane tinme as the driving of
the rod rotating device 68, and the val ves 73X-73Z are opened. Thus. the
air is supplied to the air supply pipes 3A-3C of the rod 1 fromthe
conpressor 72 through a line oiler 75, the valves 73X-73Z, air pipes 74X
74Y and 74Z, and the > swivel device 70. The air is then supplied to the
air hamers 16A-16C of the | eading hammer 10, so that the air hanmmers

16A- 16C are activated. Mre specifically, the hamer pP3Raeende 2043 of t he
air hamrers 16A-16C are activated and strike the bits 26A-26C;, thereby, the
working face is repeatedly struck by the bits 26A-26C and is crushed. 10 At
this point, the bit teeth 28A-28C provided to the bits 26A-26C nove in the
direction to retreat fromthe front end %ace by contacting the working face
so as to extend. By this extending of the bit teeth 28A-28C, an excavati on
hole | 12 wi tdircatibmisgeguldiedrit esntiddiiag thdatopPé: %i‘ﬁ? RS gfde dis&rcayat ed.
The excavated soil that is excavated by the bits 26A-26C is di scharged 15

i nto the casi¥RPPEREORFSugMeies sptsebibeehein £BE ndbké hacklhdadidedrive ibanmer

case 18 by t aus i r,, The excavat e il that is
di schar ged tgrg%\ﬁ%g%g’%ic%m%ggg gg'( r%nr?tgp%:afzéga ?r}/ietpﬁﬁthtge xfﬂfﬁg‘gfgcaﬁ"ﬂ 8% he soil
di schar gi ng cadéaced30y-30he6f @t keide cedoviebgoa0foating rod |, and is collected

fromthe §oi| di scﬂargi ng case 50 by the soil discharging device 108. 20 As
present ed” above, ietietesBy Adh-28cepnatriaied as idesdribediabgvéhamiern fidnitse r ot at ed

in one direct,y : ect | | r- hammers 16A- 16 re unjform

:acti vat ei:l sotoggel?t%%gg%:lge\?a@gﬁ{%hgﬁgg\ré%ﬁ%q SEmEVE By Hie) .gacﬁiow,“yéf”ﬁé‘t‘%é is

descri bed f ondicativaed ihﬂgig&uhﬁa@(ﬁ@é/ﬁhtliigg.?)(ﬂfgg@%gh@iﬂ]gmﬁﬂn%—h%, m@@bgqlépammr
e a

10 deviates fromthe planned design |1 ne. act that the | I ng
hanmer 10 deWHiF edamsiein efnge i 2pCnextérsl. c oxef thisretbmdrit htHeh@omoaid or on

the operation I i\S suned, now t hat the | eading hamer 10 has
devi at ed domﬁ?gfﬁlre (?%4[{3 %dlebéﬁé%ﬁ"zﬁrelqnﬂg? SERY E?{ne lah&eeg%%{\ﬁé ifeges@pdhaation is
t enpor al 1§y sbapped,26and the correct 03 Decenber 2003 15 direction is

confirmed fromthe display of the nonitor. Second, only the air hamer for
the bit that is a©m thogitharohansorthespiongethg 28At28A hetraar fieat tHe reatd on i s

tivated ke i ticular bit. An exanple in Fig.
o(b) . “ont'y - REEIReRa LSRR BCLR Rikrisih 1 eickd Gy heemion & J5a A

the sane timehe tdfiehanddsidotiatiipng2sleyi se 16ihs fgmm&m@,ogg@@bﬁygg dAd%&di ng

hanmer 10 is turned to and fro in the range of the predeter angle. As
a resul t, indpmsteryaf)the ghitsy 26Ac66anteh comrache. c okt elds bmest i the, odthat i s,

20A and Sxcabatmg ey BFE olleh 2bA°soeae e of e ot awrpseradiaesat e i n

t he predeteroftheditdQ6amH@it by the above-described nethod, all the air
hanmers 16A-16C are now activated so as to strike all the bits 26A-26C. At
the sane tine, thExhaEHrhagnpladder3de@ré Sormetiattable ignidengooiese3tA-G0Chyf t he rod

bit e 26A 200 e AT oA PE abinek TS cand Fariurien h e pe avhermn idneisunt by
activating alidmmbe ¥6A-$6Q6NdREKarg@M¥ough the exhaust channels 34a-34c into an
20 excavation hole 112. Since the air is discharged through the exhaust channels
34a-34c, the guide grooves 30A-30C are prevented from being clogged by the
excavated soil,
Sufficient number of metal chips (e.g., made of cemented carbide) 36, 36,
are fixed at the front end faces of the bits 26A-26C and the bit teeth 28A-
25 28C, and the earth is struck by the metal chips 36, 36, ... and excavated.
The front end face (striking face) of each of the bits 26A-26C inclines
toward the center of the leading hammer 10, so that the front faces of the bits

26A-26C define a concave face as a whole. Because of that, when only one of




15 the bit that is at the position corresponding with the correct direction
is activated again and only the earth in the correct direction is
excavated. Only the air hamrer for the bit that is at the position
corresponding with the correct direction is activated and the | eading
hamer 10 is turned to and fro in the range of the predeterm ned angle. By
repeatedly performng both the partial excavation in 20 only the correct
direction and the entire excavation through the net hod0Od&soemist 203ve, the
excavating direction of the |eading hammer 10 is gradually corrected as
shown in Fig. 9(c) so that the excavating direction is corrected. At this
poi nt, because the striking faces of the bits are inclined, a force
conponent toward the correct direction i(s generated when the bit at the
position 25 corresponding with the correct direction is activated to strike
the earth; thus,: rrecting, effect i ves. The above-descri bed
excavati on flcE)PFé %ghﬁgg}%?soﬁ olpserapt)%ir ?%P‘ﬁ%c?“ﬁ%rctgﬁ@irrl?ﬁ%e%sﬁé peatEh#ear anount
wi th the nonittaar thenothes, apebAkitRRM d; 3 e and the
excavation is conpleted as the ples?gg% g%é)[r%g%st ibgntﬁggg%i éfi‘/aég&?A ?Ceer t hat,
the normal eSEeqd BAM the Fenparethclingd face soviré cheahasreperiphenirul tipl e air
hammer appar at us present. enhodi nent has a high energy efficiency and
can easily correcF@ﬁﬁgHeefgg%%fcglﬂﬁr% %‘Fr@@?‘i’lé‘l’f‘fﬁﬁ"%i @ 18 Hisseribednanryrer s

16A- 16C tihat simmwen fepad. at & Yrahulsyeh badad . . rection. of the
excavating directi onagirs po?s(ig{)l e fg%at ‘#\ﬁﬁ%ﬂ%ﬁﬁ%&%@g@%&eé@ “THEHS ¢ | pl e
air hamver appHeHtshalti4d. t He gpidesrenitdeisblaiti omnhe haslde: exdeendakidetand

contracti bl eplle)%)ﬁsgcvg%ten 2%@'281 br{ni ch arcg provi ded to the 26A10 26C,

respectivel y° thus, the éﬁ?ﬁé‘ aREPTtaDoR Hi¢ Hadprail 4 olhe prepuisivee

verti cal shafdviatddtiBeosdeatdyi i C ctd ngwt he bit. teeth A- 28C,

resulting in that the excavg??loﬁbgjiﬁ%g %&P%rlirrgédgrrhéegpé‘(r)%llﬂégg%SY'CF% si ze

and exi st encié dsiver hg theepropitlsiyewgtinderals shaf tb. sliboaake uidsifag a6t hepgasi ng 12

does not;phav 9 .beéur ned at the tinme of 15 excavation, a rotation driving
18 Ofbc%fs g

device for thercasr My if6es’ roromssied shevitmset sail discharge cabe S8ppdhat us, so

that the appagatus is fed BARACE ot FadY appar at us can achi eye

correcting of the ex?'g)\?gtieng diTecti %c;e' ﬁgﬁlgﬁdg&&r%%%see’ v??‘ﬁﬁﬁ%‘ﬂ with

bedrock for W#fisefed theoughghepsing inecessary (refer to Fig. 14(a)). In the

present enbodi nent. correcting the excavating direction, the 20 bit is
Vit & HoE GaRt Ael O

fumed to and fro a Sht Aafdexiey. arfremievipmndra sids sedi®orsmiens t o

excavat e t haegrtfively, Bride Qar LEE Fi ligl; Lan: requi red, however, the
excavat i on r,ragf_ébe pyerfor med withi(;1 StISEtﬁFﬁg{bn ‘ﬁ%wtﬁghep?oé‘{s;aﬂl?ngﬁ‘%&rﬁent,
when _(:orlﬁectli1 ¢ the Tawcaddtis mgnstiucet inomhick theythr feaibistipgiP 3 pdsS At 31 he
position cor rrect direction is 25 activated to

ingwth the c
excavat e; h(?\%\lg\?g?%?ﬂgl atfrhsé’pryt@pﬁgﬂredéteﬁ?éb’ fed aseund thg oxaimpiper?. by
respectivel y set tTheomhidepist i i Ricko 0 [ fsedifferent. Mre
specifically, the, st rilk.ie%lg power of \tﬂﬁlgqﬁ {ts %Eﬁ?lmlrsl fFer 1 &PIS §"7htﬂi38‘51
cor respondi RYEHH WVEthis iptegradlyt fixtidr e Fldngps 65 anade for E:@ﬂ%ﬁn%hl@é\rédgel striking

power of the,: its (i,e. the 03 Decenber 2003 17 activation pressure
of the air %g&rr’:%r%ﬁfogllr‘ertaﬁéa%ﬁmt?ﬁé‘“yiﬁé‘egtat bad sisiaf item madt pispbndThe wit h

the corRéct fhihgesda M dbshaaela ﬂhﬁh?oﬁﬁlﬁ@h&l%&e@q herg) faesgénd ' hesdexcavat  on
erent actl

difference resulting fromthe dif ati'on presinGhESIANEeY 1 o

correct the“dibceashtathgy with dotts.orA fsfiontrigepin § s phgedE@ae e gahedgrent ,

only one bi t, i € 0 _excavate the earth when correcting the
excavat i ng gviﬂﬁlgcf?%lnﬁ&tﬁs@lf’éam"f@d‘,s rf‘?&'ﬁ%‘illé‘F thg gthep|flangeiqby dn wrderstaray be

used to excawmfeet the rods 1, the positioning pin 8 that is formed at the flange 6a of the rod
1 is fitted with the pin hole that is formed at the flange 6b of the other rod I;

25 thereby, the main pipes 2, the air supply pipes 3A, 3B and 3C, and the water

supply pipes 4 of the rods 1 to be connected with each other are respectively

positioned so as to communicate with each other.

The three air supply pipes 3A, 3B and 3C are hollow, and have the same



Next, a multiple air hammer apparatus according to the second enbodi nent of
the present invention wll be described. 10 The nmultiple air hamrer
apparatus in the second enbodi nent controls the air supply anpbunt to each
of the air hamrers with the swivel device. The construction of the sw vel
device is presented below. As shown in Fig. 10, the sw vel device 70
conprises an swi vel device body 76 and a swvel rotating device 78. The
swi vel device body 76 mainly I 5 conprises a case 80 a@g Reeasnber 4¢0Dody
84. As shown in Fig. 11, the case 80 is cylindrical. Air supply channels
86X, 86Y and 86Z are fornmed on the outer periphery of the case 80 with
predeterm ned intervals. The air supply pipes 74X, 74Y and 74Z, which are
connected with the conpressor 72, are cbhnected with the air supply
channel s 20 86X, 86Y and 86Z. The rotating body 84 is cylindrical and is

rotatably supgoti ad B € digher i r the.case,80.via, a bearing 82.
A flange 87 is forned at suﬂtl)lg%qant ?g%ltgggh%r géprﬁl%rpl%?s the “Pof A} i Hody 84)

and is sl i daslispossgnt@cieegpamileh witte thenesinpeipepberand ofiret Rispease v3th Wi a seal s
87a and 87a. Three concave portions 88A, 25 88B and 88C, which are in an
arched shape plrerﬁiegsggﬂe r?,pa%ﬁg’ ‘flecﬁ”r?e%lCBﬁletor‘?éc%ﬁItl‘érWIﬁ’eﬁ‘iepm@Wyplm X heltid ange 87
W th predet erpe0el shipdiemy . . BOrtio 88A, 8 and 88C
define three air sqp]gflsgp\é}ﬁégﬁbj&é-r@}e %%ﬁ?ég‘bﬁgg‘?%é@oﬁ"%&e r\}\éeenp?rfpélefﬁﬁé ¢

peri phery? of of e nazis pi(Q tanuhgh Hedmepordsns Bndbthe3acti vation air 03
Decenber 2003 18 1@ EYL%E%I ied from t,hS air supply channels 86X, 86Y and 86Z
to the air supply ¢h rWPBY 2Py 4 Apllowrnd sehe sama lengtic an Hecmaich wi t h
the front endijface td; and t he hall gw shaft 54 of the
rod 1 and thg pE_oU g\%teﬁfadr?fri5@%@@‘%@@%?%@?%? %eo%afaﬁeléﬁ‘”bﬁ’& BYARRS od wi t h
each ot her. Tmbisdniegsliplxed pinphs pSApheddd farco3fe afaid BerOthrdubOIMuR.cat
with the air_supply chanbers 90A, 90B and 90C t hrough three air supply
passages 92AP°1§?54§-nd 92C, respectively. Wth this construction, when the

activatign air isTRMPHY | 3.0 ; ' | hanber s .90A- 90C, the
activation air goes {P(ﬁir %ﬁ‘gw%ﬁﬁ&eb%wgﬁtga§8%5¥c§ﬁ6§gg%ee§s §PRETE With he ai r
suppl y pi pescBAroB8).ankicBG foAned bi hepatlntnd bf theManAedricsat 19N e cds
supplied to orgilrg t.he ai.r%jsupﬁlrey chanmber 90A, the activation air Is supplied
to only the i ®hAmPEsvidushat Hieotriert ol thei hammepicysep a8 s and heg Ahandmehe ai r

suppl i pe S idnhadt h I 16A is activated. 15 The rod 1
P b ot e ation e ol 1.0 Bl SRRl Bl abesinen R B dpeaali or ot es

rotates at excavation. As the
al so, and t hiised ore thei outsuppipheghai @oHo WA Y2, Matiat Sy appie blpes BRGaUse of
t hat , thlg aig E%]s (;gg@li d.to each of the air supply chanbers 90A-90C only
when each of *¥hHa%PPCsy Ish\2re fndependent Gam each atkas, wid b vesertsupplyt pipe ai r

supply channgk i i 1 ifthe air is,su ied, to only the
air 20 supply cﬁ%ﬁﬁ(iﬁ%gggwig&goc\f%ﬁ %3 glh? T 9 p%q iagg%%r%a B the air

suppl y chanbe@nneggd 9@ eablabtlies soohanthéie abliewg shhtd) théBirdupplSURPLyY agliannel
86X. Ther Ebythe%%@( one of the air hammers that is being arifanged at the
position correspondriiy’ RIFEHeHESREFT Y Fefmested avith epghpitherchannel 86X i s

activated, and onhyskdh Rar i%.hcl,i if thd'Bolftivy S 8 of %leec)égea}lo ;@ga tL%ﬁiG%t he

earth in the selected specific 25 directron can be éxca wi vel
rot at i ngde Vet @osiBon detatmaisatisreiscproeid8 wificht hes swtalelin dqiuesn bpgyrid6 so as
to change polsdet,japréf Sf. t he ai,r St‘-f@” y channel s 86X-86Z. The sw vel rotating
devi ce 78 has afwst 87 1HATaRged cHHeRPlddg hammerecase dul Thedarge063 Decenber

2003 19 may be provided in the hammer case 18.

As shown in Fig. 1,.a rod rotating device 68 is provided to the propulsive

device 40. The rod I is driven by the rod rotating device 68 so as to rotate, or

25  to tum to and fro, successively or intermittently. The leading hammer 10
rotates, or turns to and fro, by the rotation or turn of the rod 1. The rod rotating
device 68 is provided with a rotation angle determination device by which the

rotation angle of the leading hammer 10 can be determined.




device 40. A driving gear 96 is fixed at the output shaft of the notor 94.
The drive gear 96 is connected with a swivel rotation gear 98, which is
connected with the case 80 of the swi vel device body 76 via a cylinder 100.
When driving the notor 94, the rotation of the notor 94 is transmtted to
the swivel rotation 5 gear 98 through the drive gear 96, and the case 80
thereby rotates. Wien driving the cylinder 100, the rod 1 progresses with
the sw vel device 70 and the | eadi ng hanmrer 10 progr es@38ecerdesg00s|
device 70 is constructed as presented above. The air supply channels
86X-86Z are joined wth the air supply pipes 74X, 74Y and 74Z, 10
respectively, and the air is supplied to the air supply channels 86X-86Z
fromthe conpressor 72 via the air supplly pi pes 74X, 74Y and 74Z. The

val ves 73X, 73Y and 73Z are provided to the air supply pipes 74X, 74Y and
74Z, respectively, AaséentpRimfrbmIupP] BRI sifeO c . al 1y hamrer
16A- 16C i s adjusted by cdggtrol i ng t’ﬁg@openiisﬁ%e (?aeﬁ? c{bog%snégg}r‘ge&r?f?b% each
of I Sthe va#%é@hlq}BXS, PrBYdegngith 3hree Tindemrpdentnppsands c| O5¢ pgr Bf sgagibd of t he
val ves 73X, 7 i S separ.ately controlled by a renote-controlled
operation fr ofr?ﬁ%f\agg%%ér a9 o ’bwg'ﬁ? ‘S.Léga'&ﬁedaoqré}?‘méwué‘énff%f@}'gh the swevelul tipl e
al r hammer aphaicatisoii: thhe 4F 85N pigebofl TBahd sENG VLRI QAAMRYRL of the
| eadi ng hamrer 10 is neasured by a transit, and its 20 neastri ng met hod i s
as presented "Belowlhagirdhaip suppliel go thesir suppdy pives 64, 3Bsarpr AV iigdadtHep t he

hol | ow shaft e rod 60. r asurenent points Po, P, and P~
are formed i ﬁgﬁﬁgdttg:ﬂtgeefﬁgﬁwefsnl%ilga o?ﬁ%ﬁ?r%‘i%&hé‘ﬁﬁﬁf IBowherepy thesaif or ned
at the centerhanimdrheshaBuasie éapaeyd (that is, the center of the hollow
shaft 62), and the neasurenent points P, 25 and Pz are formed on the
straight |ine connéétdingpplycarceurt dor edchtdiehhaimmemneas e6h- Banddiigesent er
of the air h%gngg ar %ﬁ vm'n&h aiéedet erm ned distance. The transit determ nes
the deviation’a Yo fOHUME g ORGUAS FRE losmepym R nfraanty of ee paseti on of
t he thretd medSHrBR RthiElo bt &rRenoddind ' r eGgt to t

Decenber 2003 20 gl_ anned desi ggpl [ F\neg’?y ?f&?%ég %}géﬁfg@rﬁn%%ﬁﬁt%%ﬁ@evi ates
upward wi t h Pspekindivdutieoptralnatatie disugply lament fhahcheans diPBaheal Ng

hammer 10 deyiat ward.. The position of the bit 26A, which is struck
with the ai Nh%*ml’??ﬁﬁ%&fn 35 H?é‘%ae?éff n%%tft?yadelﬂ%mmi heAtIPE posilts ons of

t he measur eneeparfeiytifisiRd O@@@pﬁedhoéerm&nh rﬁ%ﬁ’%@gﬁﬁﬁé% measur gtar)roe&](r)\ﬁt) : poi nt

Po. The transit is provided in the same nanne BYE R te 106

in the firstedhode velves Te78Er getseBatelynyotienlpdovi dg dreinibié Bent@naer case

18. The eralior he mul t.i pl e air hamrer apparatus of the present 10
enbodi negjto agbﬁg@%fﬁgﬁé&né‘%{?goﬁbogg 107 €5 BB QRErIRN- First, the operation

principle of the & fefdarRBimekdA0dGCrESIING ald ! dgvige [0 tn,the
present enbodi ment is described. V\hen‘gZuB[g) %/Si1 5?1%\5%%6? ePg?rli“thhlﬁl?npressor
72 to the ai b5 8%9pfyy Bresibag AOORIBNE afotiteof thes tdaddey hamnkedyp 764 the air

I's supplied 4QqifiNEndlshrement method is as presented below.

The laser theodolite 106 emits a laser beam toward the target 63 .provided

20 to the case rod 60. The laser beam is emitted from the laser theodolite 106 to
be in parallel with a planned design line. If the leading hammer 10 is
performing the excavation as planned, the laser beam hits the center of the target
63. Thus, a deviation amount of the leading hammer 10 with respect to the
planned design line can be determined by measuring a deviation amount of the

25

hitting point of the laser beam on the target 63 with respect to the center of the
target 63. If the laser beam is off upward from the center of the target 63, it is
indicated that the leading hammer 10 deviates downward from the planned line.

The display on the target 63 is transmitted via a cable communication or a radio




15 hamrers 16A-16C through the air supply passages 92A-92C and the air
supply pipes 3A-3C, and the air hammers 16A-16C are activated. At this
point, the air is supplied to each of the air supply chanmbers 90A90C only
when each of the air supply chanbers 90A-90C and each of the air supply
channel s 86X-86Z comruni cate with each other. As shown in Figs. 20 13(a),
13(b), 13(d) and 13(e), the air supply chanbers 90A-90C rotate b%/ ol | owi ng
the rotation of the air hammers 16A-16C, and each of tN8 %?GG@G%p?ép:s
chanmbers 90A-90C communi cates with the conpressor 72 and is supplied with
the air only when each of the air supply chanbers 90A-90C and each of the
air supply channel s 86X-86Z comunicate with each other. In contrast, as
shown 25 in Fig. 13(c), if the air supplly channels 86X-86Z are bl ocked with
the outer periphery of the rotation body 84, the air is not supplied to the
air supply chambedscAA-IUposAHEH i rinciple Jjf only
the valve 73X is opened so 03%%55%& %étggg‘gg) @%ggdg&frg&seuﬁ)pl)lloy\f gﬁg‘ 6=,
activation aidnditee sdgp it Hisplaied suppionitoharnehow®on thBepaekiod dohen] @1 i S
supplied to f._the ai,r sypply chanpers 90A-90C that is comunicating
with the ai ro“s)*ﬁﬁﬁ|'sy5%ﬁ%ﬁ$ﬂe‘rn g‘%)@‘%%ﬁugo%%w@r (PEeTERSi e opsrAtipnt breréar th i n
t he directionoafwhie 18bHins WPRKY i I ; ctively excavated. 5
Mor eover, _if the opening %ate of&?%é]e%\ﬁaﬁh\%gégg@i gﬁdsgj?k?g?sgézoa F'Phat of the
val ves 73Y ad8WB2 is set snall, only the strike in the direction of the

air supply channel X i s made ang.. consequently the apparatus can
excavate the eart rf‘%&“"ﬁ[’%“\f?%?%'s{‘#e‘“g’il& Iia gprenedyip priod dischingin gréwere.

different frovmicneisaRsmRrext AM0dIeMar 1Q rizontal, excavation
net hod using the mul t?%o%e air hamlreraappé)rhg E%ﬁll ﬂl%tgr?él %?‘%‘é‘&{?eéﬁﬁo ment is

descri bed. Ad° hfogioundy Fllg sdi thiat isexcatired iyt the 2l-10C2 6C Qi e deRlind he
front end of | eadi ng .h r 10 are contacted with the working face, and
t he propul si \;%lt'l@]ﬁ ?ﬁéﬁe‘l‘*ﬁ%ﬂf@?%ﬁégmﬁlﬁIt%ﬂ\ﬁtéaéiéﬁilééhmghg spadevietivesther eby
the | eadidg hiaymeimdSeald 18ngdtihe i pg 1 gpelled, At the same tinme
as the driving of the propul si ve cy Q%erﬁ}leg%}&taﬁgete‘?(gﬂﬂ?%{}Eﬁtﬁﬁsa‘é’ﬁﬁ 68 is
driven to rotatehe gehausdait fo theeodbdisdhamingdtatisoryofetbRtinedod 1i ind is

transmtted eadi ng h 10, and the | eading hammer | 0 rot ates.

Mor eover , thtg%g}?)%%?detggg? gg)émﬁg’glz‘? %hgﬁﬁh%r&l@g§‘§met183re Since e drdi Ving of 20

the rod rot apiovidedevitlc gieGS i pee resopened,. Therepy, the
b It the g@tnalﬂghﬁ HAEVESald 8?1T§%n g% e#ﬁcgergﬁrdléﬁﬁﬁ%}ib

activation air is supplied fromthe conpress

channel s 86x86te groungaeganiilossl ofdmvivaedhbistyncé6 t hr ough the air supply pi pes
74X-74Z. 4The air iys furt her sulpﬁl i&d fromthe air supply channels 86X-86Z
to the ait hamer$ TeASHEYReRhd 19 dndiigg! fiaspugnetoter htydehlicheinior suppl y

chanmber s 90AdA0iag RS pidpalsdlel cy3nBR ¥3 BRS 92 A- and the air, supply
pi pes 3A-3C, _and _thepg::pr harm)glrs 16A- 16%§g§§h’t'ﬁ@s§§% TE0ss aymepg) &

speci fi cal | yFig HelStamensrangt pades fa0njeiagodtipt Aidinvd ah@P@adSAMdGE are
activated sojgs, .0 strike the bits 26A26C, whereby the working face is
repeatedly struck with the bits 26A-26C and 03 Decenber 2003 crushed.

The operation of the multiple air hammer apparatus which is constructed

20 as described above is as presented below.
First, the bits 26A-26C provided at the front end of the leading hammer
10 are contacted with a working face, and the propulsive cylinder 48 of the

propulsive device 40 is driven, whereby the leading hammer 10 and the casing

12 are propelled.

At the same time as the driving of the propulsive cylinder 48, the rod
rotating device 68 is driven so as to rotate the rod ]. Thereby, the rotation of

the rod 1 is transmitted to the leading hammer 10, and the

rotates.

leading hammer 10




At this point, the bit teeth 28A-28C provided to the bits 26A-26C nove in
the direction to retract fromthe front end face by contacting with the
wor ki ng face and extends. By this extending of the bit teeth 28A-28C, the
excavation 5 hole 112 with the larger dianeter than that of the casing 12

i s excavated. The soil that is excavated with the bits 26A-26C is

di scharged into the casing 12 through the space between the casing 12 and
the hammer case 18 by the effect of the exhaust air. TH8 R8cemRATePIS; |
that is now discharged to the casing 12 is transported with the exhaust air
to the soil discharging case ~0 by 10 the effect of the rotating rod 1, and
is collected fromthe soil discharging case 50 by the soil discharging

devi ce 108. As described above, in the A®drmal excavation, the |eading
hamrer 10 is rotated in one direction and the air hamers 16A-16C are
uniformy activat edosvast : ..ear e e, et hod for
correcting the excavating}%?¥% t?%ﬁtﬁﬁkgﬁgggé&&ﬁg%gmyﬁégﬁég]i’6”Haﬁﬁer 10
devi at es froﬁh@ﬁ@kammgebvmeéﬁgnﬂhhaeahssmﬁxaﬁﬂbﬁdoF&hﬁ.fa&h&&hahﬁﬁbe

| eadi ng hann%r %deev%@tes fr n1theé§L3gned design line can be confirned by
det erm ni ng tHBPISsiO 6T PR @8RS aktiPenehthepiorint dramp thy compraseort 23 get 63
by the transithrobbk 8Uab ofel, ki, B4R A ¥ V1G6E,2P7body 116 as
shown in Fig. 12. It is assuned now tfﬁu(atj?’ha?\q”égéd?%’ 7%%097% %‘SJF%t es
just downwar dwiee! savam 70n Fheair i (ren suppliahfol thert haminéki 1%C86€,0fQRe of the
air supply cﬁg%pelﬁ 86X—§gz S Eo&%tLoned in the correct direction (in this
case, just upwartd TVREFT dVaipithat theeainbamaasy W Ac hefarmse agBYated tMioned t o
the just upwapetifiéatioc tHicoRaRSies hobhs B2 K air harhR&rd £ 4 SHRPLY, channel
86X is at 25 ?he pogitiqnainet e cgrr%gﬁgé%%ggﬁl3H,B?H%w8bé5%fﬁgﬁa%%
unnecessary. aftatd ambstake the bis I6A-1C;ahelebg @6t oRIdeOMCAITE réfRatediss
supplied to the.,air s C nel. 86X, which is positioned in the correct
di rection, is?prg%(tab)ttgeﬁgghgﬁﬁg%n‘%“ﬁldﬁcﬂﬁbe%ir pressures Py and Pz of the
activatiom air thaf thg soHRIPHL the December, 2003, .23 al.r supply
channel s 86Y and 86Z, f%épbg%?@é §h6?§%?§@§§oggeggémﬁ 'F%%éﬁzggé“%%%avation
i s perfor med itbthesiinsplion tgretrive faim tho/fem dnea@Chy M@{tﬁrﬁﬂlgihé wiirkighgh
pressure is sugé){?;ed t.0 %?fl ,thengir su}t])ply channel 86X in the

above- descri B28> HPeRHEE: |t518cﬁ¥é€ mg fdhepit tepainABAS2SE, mhakcivation hole ai r
suppl y chanber2 Whats linSeCATRNERL BRL i kg @i .supply channel 86X
excavates the earth b%est ronge?ﬁ}sltd?%?}fwr[]% Cﬁ%ﬁérl‘tlﬁgﬁc Bﬁtgg‘ot her air hamrers.
Since the air hantbe sxdBAtelGGilaher isaixaivangl bpfie Bits DH&- (T isSUBRaYoehamber s
90A- 90C nnﬂgiggtiqg Q%tﬂrthe air suggly channel 86X is 10 successively
changed. ' BecAURESPSTRAL igHED Hie sPRee Betivepmthemaging 6 R-anghe hammex caseat es t he
earth with sigenshséffdckoPtheRANWEY cc L.yel anges,..and, only the air
hamrer t hat pos?ti ons “n the ] u%stt%&pmgﬁg e%‘l’earvétgﬁi@é?ﬂq@%éﬁ@éﬁ”@%@?‘%é‘) g’irt h with
strong stri kF3sengpbiver trariborgedspithithd esttduyt aik e tiex AV aikstiiging RS 5obyed in

t he follomjnﬁwqggqgr 15 Wen tﬂe air supplg chanber 90A communi cafes with
the air supply Sefsriidhe B¥3ngrod doape Isreoblpgied fromnshe spHdlisebaiging ¢ase 58i r wi t h
hi gh pressurgy ihe Saggglcj,ﬁgianieg;gwoﬁ'he air supply chanber 90A, and the air
hanmer 16A) which conmmunicates with the air supply chanber 90A, strikes the

bit 26A3M th stroAgeressuted kbowg, poternorinanetdacatn) e RhdinhMHRES 1168 and
16C. As a rerso?a{tctsd - the ﬁart.h 20 in the just upward direction is excavated
with the strong st HEFHenEnd the rrspectiye Birdfamimers di6y-$6p prey uciformer s

90A- 90C has #tiphRded 8¢ ¥ @svand g cti.vgtion air with high pressure is
supplied to only the air sup?pl y ?ﬁ%ﬁ@grsgeg%ﬁ' %?)re the air supply chanber

90A communi cat es Mpwha triethasliis dssepibky fahmmietin® ¥ S@avdiRdiiebtibh Whek3( D)

even if the tlhg?e%&iﬂl% h%%ﬁﬂ%%vfa?es from the planned design line.

25 The fact that the leading hammer 10 deviates from the planned line is
confirmed with the monitor on the operation board 104. It is assumed now that

the leading hammer 10 has deviated downward from the planned line.

First, the excavation operation is temporally stopped, and the correct




25 rotating; as a result, only the air hamer 16A excavates the earth in
the just upward direction with the strong striking power. Then, the | eading
hanmer 10 rotates and the air supply channel 86X is bl ocked by the outer
peri phery of the rotation body 84 as shown in Fig. 13(c), so 03 Decenber
2003 24 that the activation air is supplied to neither of the air supply
chanbers 90A-90C, as a result, all the air hamrers 16A- 16C stop operating.
The | eadi ng hanmer 10 noreover rotates and the air suppfByDetember2@®UB cones
to cormunicate with the air supply channel 86X as shown in Fig. 13(d), 5 so
that the activation air with high pressure is now supplied to only the air
supply chanber 90B. Thereby, only the air hanmrer 16B excavates the earth
with the strong striking power. At thisjpoint, the air hanmrer 16B is
positioned substantially in the just upward direction, and thus only the
earth in the just: upward direction . is excavated with the strong striking
power. 10 As %‘gé;ttgpﬁ Se%?ng o%ée,FmWhtBﬁngE‘é\P ?‘?%&%‘h‘l’ry the earth in the just
upwar d direction Wsédanl h&isiHe@int bk ROMREe ; de ' irection
of the | eading hamrer 10 _i): gr aduazllsrflf/rmgg?}eect eéﬁ 1€%€I§P§§ﬁtﬁﬁ%é‘%;‘6§?,0§%&§rd
direction as ¥HoW% Gorrer djsection {syctivaled sand tastrikashly thiepaanilerbiof Ahe

1a(e) 15 e PRl BRI RL BB p R Re [ Eh e fgRrer i T dos i oned
on the plannetb/deshge sk 1gR ieoaoolatihgae iy 645! BHILILAhaNbg, L Tansit
p

that the nmeasurenment point Po of the target 63 corresponds w E%cent er
of the pl anne®mmifell FHemedite and iiogndberaik af ths paderheted apen congirm ng

t hat the cent 0 | eadi n ammer 10 i s positioned on the planned
design |ine argguét(é)incfllgb%@?’a gfe ‘T%ﬁtgrintﬂi’f'eccﬁ‘chﬁﬁlfe%%@aﬂ'&f iofha eartherfuhed. | n
ot her words, @pespiaubn bNthEriihs 8k ist i [ nress f _the activation air
that is supplliq]z)d to each of @rhegai r’g&ggf€b%h%nbﬁgT§Agg&x)?)é%igﬁeg‘ set to be
uniform (i.e., Px Updythe emz) in thectotrket ditdctivatd extasited i tHeupplidi@shihed each of
the air wppl%z)och?En | s 86X-86Z, Ther eqlg%, 25 the air hamers 16A-16C strike
the bits 26AZ6C" %ilbee%ﬁqu- ESCTIBRAtRethee alinthe imhammiers hgA PéWerrearmy
progress str aicgitedtsl 2hes kgaatal bgeexqgvat g, Lhe. earth.
descri bed above, the .ra;ul tiple ag]i {rméhbgfr%rgﬁfﬁL t%%%arg\ utge iS%mFﬁgn%r%géﬁ@smg
enbodi ment cdWmewsr 18ds ratied exorvditdctign di nieciddantding (daeice B3 wiBRbRLhoN of
03 Decenber %9@138 @%rsulpgl%i ng the %fti' ation air, and its correcting
operation can be YOKIEE Laeiyexsayated wath thenbiteR6AvHG ngABer gt foth éan be
thus correct eslchfedGh @Y p¥dedREntM hib L& [ in the
present embodi nent does l%loteneeéll spec?llgﬁo}géq({ﬂ%@gg?ﬁIt%lzgg%a%}g%ﬁéﬂtop hal
mul ti pl el r tebihihat ismp dreapasisioni dorrespatiditlg wath the-cqricRedFédtisatiyhivatd h a
the entire device can be conpact in

turni ng devi . and sq forth; hence, ) )
<i ze. %gam an oncfy e earth in the correct direction is excavated. Only the air

hammer for the bit that is at the position corresponding with the correct direction
is activated and the leading hammer 10 is turned to and fro in the range of the
predetermined angle. By repeatedly petforming both the partial excavation in
20 only the correct direction and the entire excavation through the method described
above, the excavating direction of the leading hammer 10 is gradually corrected
as shown in Fig. 9(¢) so that the excavating direction is corrected. -
At this point, because the striking faces of the bits are inclined, a force
component toward the correct direction is generated when the bit at the position
25 corresponding with the correct direction is activated to strike the earth; thus, the
correcting effect improves.
The above-described excavation for correction is performed by

confirming the correction amount with the monitor on the operation board 104,



In the present enbodinent, the case has been described where the excavating
direction is corrected toward the just upward direction; if the excavating
direction is corrected toward the | eft-hand side when viewing from 10 the
transit, the air supply channel 86X is turned to the left-hand side. In
such case, the notor 94 of the swivel rotating device 78 is driven so as to
rotate the case 80 of the swivel device body 76 so that the air supply
channel 86X is turned to the | eft-hand side. Then, the03iDecembesdld3px of
the activation air that is supplied to the air supply channel 86X is set

hi gher than the air pressures Py and 15 Pz of the activation air that is
supplied to the other air supply channels 86Y and 86Z (i.e., Px > Py = Pz),
and the activation air is supplied to thé respective air supply channels
86X-86Z. Thereby, the earth in the left-hand side is struck with the strong
stri ki ng powegndapd & i ' ireetion of .the | eadi ng hanmmer 10
is corrected towardxF%szFgﬁi %Eglg}c/ﬁ%fl %%Fh%z%&gi%ﬁ‘iclogﬁtfﬁn ¥ AT Excavili ng
direction is bk thegedaltaxnavation ieresirgéd.- hand si de when viewing fromthe
transit, the air Isjgg)pl% chgr;gel 86X is taned to the right-hand side, and
the air pressure PRIEOFS 2201 the dylgPlerair dpmmen Hppyragisamndle B8¥%nis set
hi gher than tdyebditheR 1 : re _supplie o the air supply
channel s 86Y and 86Z (i .§gg?lgllifg%gg%%:&@z(#%gn%ntEﬁghﬁég??ﬁgttf‘%r‘?"%ﬁ‘“}at'il% 25
suppl i ed fo tdiescries pgcusing i rir shamphyrs CrRNNECSIhEE %rB86dharAslydessdd hed above,
by turning one tof %Qeﬁligr suppl y étgannel s to the correct direction, and by
setting the acPrpldssdhs corgetigneofshp skFavating dirpeticmnie possiblegorthe suippl v
channel s hi glssn deb@gs t he air pressures of the activation air that is 03
Decenber 2003 26 Supplied to the other air supply channels, the excavating

direction can be cldwrrmoltiptt siowammeanppaiabRCini @8 REse36CmB8aNRES halBReover
an i nternedi ate E‘ﬁgg%‘i’ etween twg of the air supply channels may be turned

to the corredt™cd RontacHblerfit ieth 284-98Gs avhadh areepravitded at then2GAs t hat

is suppliged tgct Repd¥ReRi 4 npel s e set higher than the air
pressure of tg;mac}t) icva??brﬁlug’iq?‘pl %@:’E?’sam%eﬁdﬂ%ﬂ F(Quﬁﬁ%o‘étt‘mé’rthﬁi"fmbcabpl y
channel . For skadanrpthe,stdrting kide &y nesiratithP Ok it ReWeel. ke (&l

channel s 86X ,and 86Y.is fumed to the cogjrorect direction (irn ttrlﬁ"égﬁgﬂggte t he
air supply cHPnFERVEEP Fa bemsEgrmed rerardpysosf the siize emtli onistbcet b2 tieor r ect
direction), aadnkBSeAich Shagssure of 10 the activation air that is supplied
to the air supply channel's 86X and 86Y is set higher than the air pressure

of the activati onMéreotdnatindesths epgihg @d does hbEhfleN8bedhuneURRKY tiﬁéa&nel 86Z.
Then, thFS]_aCti vation air .is supplied to the respective air supply channels

86X- 86Z. “TheF&Hy2H¥ha TPRFOB AR ViRgHssics fenihssarivatdoayned have tthde anstalsadppl y
channel s 86X;ap¢h a i.n.the correct direction 15 with
the strong Stri kieﬁ(gj\%%mﬁg? ¥€{nh‘§t %l{}lgap g%y\}a alnr?& GMPEEL FoHZe s [N65r3PBRTEE.  Now,

ot her met hodsarf athigveraoeettinggof the exxpauag idigcttin @6k i@ g&bl&%dﬁﬁ@&ﬁ}g hamrer
ed. .[First, one of the air supply channels 86X-86Z is

10 wi I | be desgri

turned to thé "%&S?‘E‘%C%ﬁorc‘ablttfégﬁcﬁ%apags Wepess#y (edentedtig.did(at i on (for
exanpl e, the just iypaasdegi & i ) j ase, as shown. in Fig.
13(a), the air suppl \é%ghgnnen?%’é%@tf gr?lg%kg}rrr%{ﬁé',% tﬁ%e’[ﬁ%‘é’ﬂ?% eFtion. e ust
upwar d % ecbitdn .mr@ts{camnd froebact theatenal atik of $hé URBhicGadd 19RbYastige air
supply channg Ca§£§[g(tt hat ~has. been at the position corresponding wth the
correct directirone Uge I dBFEORRGhdireptien; s gpauisdy Bowgydrntherextsvagiod t he rod

rotating devmybégeﬁ@@éar\bimtgﬁnﬁg_ as to rotate and propel the |eading
hamrer 10. At this nonent, because~the activation air is supplied to only

the air supply chimtiel p@&xt enitedandrity atledrtopicttihg tifd BREVEEnS QliRBlidn ONe Of

the air supp anmbers 90A-90C that is comunicating with The air supply
channel 86X ‘J’f}i)’ 3@6 &ctéwb’érat @ positton corresponding with the correct direction is

25  activated to excavate; however, all the bits may be used for such excavation by
respectively setting the striking powers of the bits different. More specifically,
the striking power of the bit that is at the position corresponding with the correct

direction is made stronger than the striking power of the other bits (i.e. the



To describe in nore detail, as shown in Fig. 13(a), the activation air is
supplied to only the air supply chanber 90A when the air supply channel 86X
comuni cates with the air supply chanber 90A; as a result, only the air
hanmer 16A is activated and thus only the earth in the just upward
direction is excavated 5 by the bit 26A. Since each of the air supply
chanbers 90A-90C has the predeterm ned wdth, the activation ajir LS
supplied to only the air supply chanber 90A as shown i ¥3PgcemBepyURi | e
the air supply chamber 90A conmunicates with the air supply channel 86X
even though the | eading hamer 10 is rotating; 10 consequently, only the
air hamrer 16A is activated. Then, the | eading hammer 10 rotates and the
air supply channel 86X is bl ocked with the outer peri phery of the rotation
body 84 as shown in Fig. 13(c), so that the activation air is supplied to
nei t her of theu’itiors wRRkYeCha r ;. aS sult . all. the ai.r hamrers
16A- 16C st ops oper at ?’on. 15 A]Iﬂti)é;ra%t agﬁ%%fhfg?l tggdﬁﬁgt%ﬁgﬁ’?mart % ROt edVer
rotates and tepEreapandngppity thhaomesit d@eXi@nivest hivheo mannihe alieei taadthe air
supply chanbe as,.shown in Fig. 13(d), At this tine, the activation air
is supplied t%“%n%?“tdﬁfzer%\?‘%e F'SE}HBPQ ﬁ@ﬁhﬁ‘ﬁeﬁ“fstf—sf AGHAUOAIRFeSHE igiusehapmer 168
i's thereby acioimeattbelexdatidt &rd¥apENt, the air hammer 16B i s positioned in
the just upward direction, and thus 20 only the earth in the just upward
direction’is excaVardgrn the prasenbenbadiBienSiante omabin iOhctivagdailexs sl Y
chanbers 90A—tggg It?ﬁ%vthe q%r&edet rm ned as descri bed above, the activation
air is supplied to or‘he§} TRECURg e BHIRYAHEa ABRFI000 BS RRYLESD: thevwaier. Shppl y
chanber 90B %Wﬁli@idf%ﬁt§§1a‘9/iﬁehls&&‘§) &q(icgvag pply channel 86X as shown in Fig.
13(e) even though the | eading hammer 107is rotating; 25 consequently, only
the air hamer 16BNaxg, actiwtpled amndamniey igparsas tdcoiindiaol usd sep¥@s d

di rection |se%%?vaté¥d ﬁ% the air hammer 16B. As described above, when
suppl yi ng t hé SCHIMAY PHIE Dresepignysntonill bgidesaisdl y channel 86X, which is
at the po8ition caneas ' Wikl Lust. Q cenber 2003 28
direction, only one of @l?iggg £al|grh han%rtgpgar%ﬁgtmﬁgg\g‘%cq’? Hee”gooog???%ﬁcomm?s

cor r espondi nghéwir Bupphe aingsnt tomach df dieradchimmeisswik thevat 8] gmgse. t hpygh t he

| eadi ng ha .rotates:.so.that. only the earth in the just upward
di rection gg%g%%mg%%ﬁgaww,&?ﬁﬁmqlﬁ@r%gr,ugqi,bpl,qu he correct direction is

excavated in the pedeterxmed - ove-descri bed panner, all
the air hammers 16A-16C are gcti’\rgggh’n}seg dtgts)ﬁfoszog%c%ésteé P dY'H th a1l

the bits 26APOECToNDHe spieel foraaigl devieal 18.t NEnevalivelsdh3oe B3& @b Gnaifiyf or m y
opened apgd al air h s 16A-16C are uniformy activated. At "this

poi nt bgjgauscémblﬁ%sgéﬁaﬁéq ?‘F‘{"’n‘é’t?%’lgg@gl/ 8irection (in this case the earth
in the just upwar hscho®@t inORl). NBSHREET. R¥GRVRLRELLN adyance, the | eading 10
hanmer body 10 progr esses Sl;%dua'l ly to ?ﬁggccgpﬁg% al'di rlerc?Llpgw, Cg eFshus. t he

excavat i ng dPPEcBpEnanta8bBeare doreat ed. thtfourdre peteistiene b e r @6t isoNwg@nnot be

achi eved by rection operation at one attempt, the above-descri bed
operation i sb%gﬁtggﬁlg %3}“513’ &'Or 8.2 SHPPROPIPEF 78X ¢t resh TRZ, whinled af t er

the requir edcaokt@ed twithth2nguaitre&aN 70 €ard 2 oRARL A ere, the
excavat iﬂjg direction is corrected in trheoaﬁ%c\@/éem%h the off sippfy dhannels

36X, 86Y and 86Z.

The rotating body 84 is cylindrical and is rotatably supported at the inner
periphery of the case 80 via a bearing 82. A flange 87 is formed at substantially
the center of the rotation body 84, and is slidably contacted with the inner
periphery of the case 80 via seals 87a and 87a. Three concave portions 88A,

25 88B and 88C, which are in an arched shape in section, are formed on the outer
periphery of the flange 87with predetermined intervals. The three concave
portions 88A, 88B and 88C define three air supply chambers 904, 90B and 90C

between the inner periphery of the case 80 and themselves, and the activation air




descri bed manner, the apparatus of the present enbodi nent can easily
correct the excavating direction by the easy operation for changing the
supply of the activation air. 20 In the present enbodi nents, the three air
supply channels 86X-86Z are formed at the case 80 of the sw vel device body
76; however, the nunber of the air supply channels is not limted to three.
For exanple, four channels nay be forned at every 90 degrees, or six
channel s may be formed at every 60 degrees. Moreover, 08 Déeerpbesddild

enbodi ments, the swivel device of the present 25 invention is applied to
the nultiple air hanmmer apparatus; however, the sw vel device of the
present invention can be applied to another apparatus that is equi pped with
a plurality of excavation tools other tH&n the air hamrer. The swi vel
device of the present invention can be applied also to another 03

Decenber 2003;s2Qn8RRAEBLUS e US] f.1.ui d; o r an .t in. L.n the
enbodi nent s presgﬁt ed abovgfﬁl't %gapﬁhfé%nnggsré@gﬁéﬁé@mié@- %G@ea?‘é SBPSvi ded to
the | eadi ng hemrdersdidy 90B;and®d€ver, the nunber of the air hammers is not

limted to three. ii Innte present enbodi ments, the bits provided with the
ext endabl e and confP&aEd biLCHMECEE atith theArargendfacebike tationdrody b s

26D- 26F ShovmaﬂdrthEihgﬁgw 1p4i@)ka Q,tpiq}e]%ﬁgl) ?ﬁg thg%%h%&,rrlﬁ%g%riggéjeon/ contsb%act ion

function can be used in a case adr ng ha 18"34BBLSOHdt have
to be pul Ped Htareicatrmctedevith eachiottgrsi de and col | ected. As shown in Fig.

15(b), the bits 2 26F ha\{e the sanme 10 form and they define a circle as
a whol e by j oi ni ng' 10X EAUPHPHES 3dhdBoind #e tof theoradt heowotumicapepithitbey of

t he casing 12 St di ts, the descripti is given
to a case foralgi@gggﬁaﬁg%ﬁ%&g’aﬂ%gﬁ%? ?gg toggfl%@"rf%aﬁr%?@llyl B %"rég’ﬁéd);

however, the $2Besmh2C niespdciionlyc aWithethad Pbris s vited RB a%_&@iﬁyo’ht gﬁpq%i n the

vertical direction, S As described herei nabove, the nmultiple air hanmer

|
appar at us andUPHEFdR s &f svrplvFhasrhersH0AG e i astjvariimha d godsethefugh the cor di ng

to the pngsenf i i I i ergy. efficie C asj |y .correct
t he excavat i ngr dlfb)sgvgﬁsg%els ss,)iznrAce ﬁ%%;el élgﬁgprﬁ%rpép?%’%}ﬂdm? E;&e bi‘%%}/ha\? e
separ at el y openmt dithe acthuttivhesir, isi supphe bME | thel @i %pgf cHalePoBRER

invention, a fl.uid can.be 2?, éel ectively supplied to only the supp*ey pi pe
that is posi t*BREEY HT theURIFELP i B de air fammeru] G4 thropgh ythe Ransipplby

l ectivel i | 4i ' |y .channe| of th
o ural i Uy of Toong v enannaect Gty BE PRL B B IR s ele e co oo

the present iagtremied.on to the nultiple air hanmer apparatus, the earth in
t he partigul ar directiqQn can be selectively excavated by adjusting the 25
suppl y préssure of heHEY dcofajes 3t sicatiationhads the rodphptatates, ttbe eatatiorobodshe ai r

suppl y channelssrdfted BRoSWhY Shud B 58, L0 Sserk M CH6AVALL09, JLERCL! on
can be corrected easily as wel %?sggf §uﬁgﬁfeﬁgwber%%é§§ﬁogte ﬁcg'eﬁi ng to
the rod of tHscpresénhati theeirtis oupplicdao @héh 6BMhe b supPB DRGAEREO0RAYPF: 30
separately s%grl i Ed to t%e respectijve air hammers fpr omthe plurality of air
suppl y pi pes “GPs BBk Yiiha ATPRY; ?hamb@@_, camygheiggies vath expeatt theimi r
2?1[7?2{ Z nf?; RepEeRALRIR ¥630R87at &d thik rboﬁg,d{ftﬁlg Ui itshs%pp & Yoag)r?l?/ ﬂs'xglalir can be
20" supply channel 86X, the activation air is supplied to one of the air supply
chamber 90A-90C that is communicating with the air supply channel 86X.
Thereby, only one of the air hammers that is being arranged at the position
corresponding with the direction of air supply channel 86X is activated, and only
the earth in the direction is excavated. Thus, the earth in the selected specific
25  direction can be excavated.
The swivel rotating device 78 rotates the case 80 of the swivel device
body 76 so as to change positions of the air supply channels 86X-86Z. The

swivel rotating device 78 has a motor 94, which is provided to the propulsive



di scharged with the auger w ngs which are attached around the main pipe ~
regardl ess of the excavation distance. It should be understood, however,
that there is no intention to limt the invention to the specific forns

di scl osed, but on the contrary, the invention is to cover al

nodi fications, alternate constructions and equivalents falling within the
spirit and scope of the invention as expressed in the appended cl ains. 03
Decenber 2003 JI ~i'I-IF~CIS r.AI\"FDIS~ 1. A nultipl eigippeﬁalmﬁﬂa%arat us
~ conprising: a hammer case (18l; a plurality of air hammers (16A, 16B

16C) for striking bits (26A, 26B, 26C) nmounted at a front end the plurality
of air hamrers (154 16B 16C) being di sposed in the hamer case (18) and
activated by air supply, each one of thd%lurality of air hamrers ( 16A,
16B, 16C) being independently operatable a swivel case (80): a plurality of

suppl y pi pes {&@k BB H86ina @ﬁ%h%&%%&&ﬂ%‘é&%ﬁ%&% Bt gleabl yypr ovi ded

to the swvel case (80) an end of the rotation 4 ng connected

with the pluréiye8eapPodssenseciidowish (Hevivel 88BidB8Mar %8, prhictakd tynefiedecesses
(88A. 88B 88Q):mhi.C rmed at, the rotation body B4) with
pr edet er mi negl;l E‘Pﬁ@e"r‘@% é(?%{\ it ‘feilge‘s'ﬁ%B‘P‘gv %ﬁlﬁﬁ‘éﬁvgm?ggi@%oé”b@tﬁ“b‘égmen
the rotation thodyt¢:84), BAGothiieh SMMHChoRRAZR it 3DhsmBrddl 4 & isnge?%ﬂfaggggy

ody an

passages %92A 92B. 92C) which are forned at the rotation
respectivel y &8hrécthraugd baphbive gtrarfferand(90A80 K0, HREB)y ramdst hehsyppl y

pi pes (58A, . ach.other .and a plurality of supply channels (86X,

86Y 862) whi ?ﬁﬁé’%&%&&ﬁ%‘%@pot 8 120 peieties wWido e\m%lYFlﬁ%%éHét?@ramdi thed

intervals andenbrﬁgmmﬁxﬁaﬁﬂ);yﬁoFfbsgelge swi vel case (80) wherein activation air
P

is suppled frost an air supply device (72) to each one
he swivel device 70 is constructed as presented above. The air supply

channels 86X-86Z are joined with the air supply pipes 74X, 74Y and 74Z,
10 respectively, and the air is supplied to the air supply channels 86X-86Z from the
compressor 72 via the air supply pipes 74X, 74Y and 74Z.

The valves 73X, 73Y and 73Z are provided to the air supply pipes 74X,
74Y and 74Z, respectively, and the air supply amount for each of the air hammer
16A-16C is adjusted by controlling the opening and closing amount of each of

15 the valves 73X, 73Y and 73Z. The opening and closing of each of the valves
73X, 73Y and 73Z is separately controlled by a remote-controlled operation
from the operation board 104 or a manual control.

In the multiple air hammer apparatus in the present embodiment, the
deviation amount of the leading hammer 10 is measured by a transit, and its

20 measuring method is as presented below.

As shown in Fig. 12, a target 63 is provided in the hollow shaft 62 of the
case rod 60. Three measurement points P,, P, and P, are formed in the target
63", in which the measurement point P, is formed at the center of the hammer
case 18 (that is, the center of the hollow shaft 62), and the measurement points P,

25  and P, are formed on the straight line connecting the center of the hammer case
18 and the center of the air hammer 16A with a predetermined distance. The
transit determines the deviation amount of the leading hammer 10 by measuring

the position of the three measurement points Py, P, and P, with respect to the




of the plurality of supply channels 186X, S6Y 86Z) selectively so as to
control activation of the air hamers (16A 15B 16C) and correct an
excavating direction. 03 Decenber 2003 3. ?. The nultiple air hamer
apparatus as defined in claiml, wherein the bits (26A, 26B, 26C) are

provi ded with an extendi ng/ cantracti ng nmechanism 3. An excavation
direction correcting nethod of a nultiple air hamrer apparatus in which a
plurality of air hanmers (16A, 16B, 16C) for striking 08 Dscepdrr 2008, 260
nounted at a front end are disposed in a case (1S) and are activated by air
supply, wherein: a striking power of each of the bits (26A, 26B, 26C) is

adj usted by separately controlling operatl on of one of the plurality of air
hammers ( 16A, 16B, 16C) so as to corre@f an excavating direction.
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20 13(a), 13(b), 13(d) and 13(e), the air supply chambers 90A-90C rotate by
following the rotation of the air hammers 16A-16C, and each of the air supply
chambers 90A-90C communicates with the compressor 72 and is supplied with
the air only when each of the air supply chambers 90A-90C and each of the air
supply channels 86X-86Z communicate with each other. In contrast, as shown

25

in Fig. 13(c), if the air supply channels 86X-86Z are blocked with the outer

periphery of the rotation body 84, the air is not supplied to the air supply
chambers 90A-90C,

According to the operation principle, if only the valve 73X is opened so
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25

as to supply the activation air to only the air supply channel 86X, the activation
air is supplied to one of the air supply chambers 90A-90C that is communicating
with the air supply channel 86X. By using this mechanism, only the earth in
the direction of the air supply channel 86X can be selectively excavated.
Moreover, if the opening rate of the valve 73X is set large and that of the valves
73Y and 73Z is set small, only the strike in the direction of the air supply
channel 86X is made strong; consequently the apparatus can excavate the earth
by providing the air hammers with striking power different from one hammer to
another.

Now, a horizontal excavation method using the multiple air hammer
apparatus in the present embodiment is described.

As shown in Fig. 1, first, the bits 26A-26C provided at the front end of
the leading hammer 10 are contacted with the working face, and the propulsive
cylinder 48 of the propulsive device 40 is driven, whereby the leading hammer
10 and the casing 12 are propelled.

At the same time as the driving of the propulsive cylinder 48, the rod
rotating device 68 is driven to rotate the rod 1, whereby the rotation of the rod 1
is transmitted to the leading hammer 10 and the leading hammer 10 rotates.

Moreover, the compressor 72 is driven at the same time as the driving of
the rod rotating device 68 and the valves 73X-73Z are opened. Thereby, the
activation air is supplied from the compressor 72 to the air supply channels 86X-
86Z of the swivel device body 76 through the air supply pipes 74X-74Z. The
air is further supplied from.the air supply channels 86X-86Z to the air hammers
16A-16C of the leading hammer 10 through the air supply chambers 90A-90C,
the air supply passages 92A-92C and the air supply pipes 3A-3C, and the air
hammers 16A-16C are thus activated. More specifically, the hammer pistons
22A-22C of the air hammers 16A-16C are activated so as to strike the bits 26A-
26C, whereby the working face is repeatedly struck with the bits 26 A-26C and
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crushed.

At this point, the bit teeth 28 A-28C provided to the bits 26A-26C move
in the direction to retract from the front end face by contacting with the working'
face and extends. By this extending of the bit teeth 28A-28C. the excavation

> hole 112 with the larger diameter than that of the casing 12 is excavated.

The soil that is excavated with the bits 26A-26C is discharged into the
casing 12 through the space between the casing 12 and the hammer case 18 by
the effect of the exhaust air. The excavated soil that is now discharged to the
casing 12 is transported with the exhaust air to the soil discharging case 50 by

10 the effect of the rotating rod 1, and is collected from the soil discharging case 50
by the soil discharging device 108.

As described above, in the normal excavation, the leading hammer 10 is
rotated in one direction and the air hammers 16A-16C are uniformly activated so
as to excavate the earth.

15 Next, the method for correcting the excavating direction in a case where
the leading hammer 10 deviates from the planned design line is described.

The fact that the leading hammer 10 deviates from the planned design
line can be confirmed by determining the positions of the measurement points
Py-P, of the target 63" by the transit through a hollow 84a of the swivel device

20 body 76 as shown in Fig. 12. It is assumed now that the leading hammer 10
deviates just downward as shown in Fig. 14(a) is confirmed. In this case, one
of the air supply channels 86X-86Z is positiened in the correct direction (in this
case, just upward). For example, the air supply channel 86X is turned to the
Just upward direction as shown in Fig. 13(a). Ifthe air supply channel 86X is at

25 the position in the correct direction, the operation is unnecessary.

Then, the air pressure Px of the activation air that is supplied to the air
supply channel 86X, which is positioned in the correct direction, is set to be

higher than the air pressures Py and Pz of the activation air that is supplied to the
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When the activation air with high pressure is supplied to only the air
supply channel 86X in the above-described manner, only one of the air hammers
5  that is of the air supply chamber that is communicating with the air supply
channel 86X excavates the earth by stronger striking power than the other air
hammers.
Since the air hammers 16A-16C are rotating, one of the air suppiy
chambers 90A-90C communicating with the air supply channel 86X is

10 successively changed. Because of that, one of the air hammers 16A-16C that
excavates the earth with strong striking power successively changes, and only
the air hammer that positions in the Just upward direction excavates the earth
with strong striking power. More specifically, the excavation is performed in
the following manner.

15 When the air supply chamber 90A communicates with the air supply
channel 86X as shown in Fig. 13(a), the activation air with high pressure is
supplied to only the air supply chamber 90A, and the air hammer 16A, which
communicates with the air supply chamber 90A, strikes the bit 26A with stronger
striking power than the other air hammers 16B and 16C. As a result, the earth

20 in the just upward direction is excavated with the strong striking power.

Since each of the air supply chambers 90A-90C has a predetermined

width, the activation air with high pressure is supplied to only the air supply

chamber 90A while the air supply chamber 90A communicates with the air

supply channel 86X as shown in Fig, 13(b) even if the leading hammer 10 is

25 rotating; as a result, only the air hammer 16A excavates the earth in the just
upward direction with the strong striking power.

Then, the leading hammer 10 rotates and the air supply channel 86X is

blocked by the outer periphery of the rotation body 84 as shown in F ig. 13(c), so
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that the activation air is supplied to neither of the air supply chambers 90A-90C;
as a result, all the air hammers 16A-16C stop operating.

The leading hammer 10 moreover rotates and the air supply chamber 90B
comes to communicate with the air supply channel 86X as shown in F 1g. 13(d).
so that the activation air with high pressure is now supplied to only the air supply
chamber 90B. Thereby, only the air hammer 16B excavates the earth with the
strong striking power. At this point, the air hammer 168 is posittoned
substantially in the just upward direction, and thus only the earth in the just
upward direction is excavated with the strong striking power.

As described above, when excavating only the earth in the just upward
direction with the strong striking power, the excavating direction of the leading
hammer 10 is gradually corrected toward the just upward direction as shown in
Figs. 14(a)-(d), and at last, the center of the leading hammer 10 is positioned on
the planned design line as shown in Fig. l4(e).

The fact that the center of the leading hammer 10 is positioned on the
planned design line can be confirmed by determining with the transit that the
measurement point P, of the target 63 corresponds with the center of the planned
line,

The correcting operation is completed upon confirming that the center of
the leading hammer 10 is positioned on the planned design line as described
above, then the normal excavation is resumed. In other words, as shown in Fig.
13(e), the air pressure of the activation air that is supplied to each of the air
supply channels 86X-86Z is set to be uniform (i.e., Px = Py = Pz), and the
activation air is supplied to each of the air supply channels 86X-86Z. Thereby,
the air hammers 16A-16C strike the bits 26A-26C, respectively, with the uniform
striking power and progress straight and horizontally so as to excavate the earth.

As described above, the multiple air hammer apparatus in the present

embodiment can correct the excavating direction by the easy operation of
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equipment like a conventional multiple air hammer apparatus with a duplicate

n

pipe structure, with a turning device, and so forth; hence, the entire device can be

compact in size.

In the present embodiment, the case has been described where the
excavating direction is corrected toward the Jjust upward direction; if the
excavating direction is corrected toward the lefi-hand side when viewing from
10 the transit, the air supply channel 86X is turned to the lefi-hand side. In such

case, the motor 94 of the swivel rotating device 78 is driven so as to rotate the

case 80 of the swivel device body 76 so that the air supply channel 86X is turned
to the left-hand side. Then, the air pressure Px of the acti?ation air that is
supplied to the air supply channel 86X is set higher than the air pressures Py and

15 Pz of the activation air that is supplied to the other air supply channels 86Y and
86Z (1.e., Px > Py = Pz), and the activation air is supplied to the respective air
supply channels 86X-86Z. Thereby, the earth in the left-hand side is struck
with the strong striking power and thus the excavating direction of the leading
hammer 10 is corrected toward the lefi-hand side.

20 Similarly, if the excavating direction is corrected toward the right-hand
side when viewing from the transit, the air supply channel 86X is turned to the
right-hand side, and the air pressure Px that is supplied to the air supply channel
86X is set higher than the air pressures Py and Pz that are supplied to the air
supply channels 86Y and 867 (i.e., Px > Py = Pz), and the activation air is

25 supplied to the respective air supply channels 86X-86Z.

As described above, by turning one of the air supply channels to the

correct direction, and by setting the air pressure that is supplied to the one of the

air supply channels higher than the air pressures of the activation air that is
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supplied to the other air supply channels, the excavating direction can be
corrected toward any direction of 360 degrees.
Moreover, an intermediate point between two of the air supply channels

may be turned to the correct direction, and the air pressure of the activation air

in

that is supplied to the two air supply channels may be set higher than the air
pressure of the activation air that is supplied to the other air supply channel.
For example, the intermediate point between the air supply channels 86X and
86Y is turned to the correct direction (in this case the air supply channel 867 is
turned in the opposite direction to the correct direction), and the air pressure of
10 the activation air that is supplied to the air supply channels 86X and 86Y is set
higher than the air pressure of the activation air that is supplied to the other air
supply channel 86Z. Then, the activation air is supplied to the respective air
supply channels 86X-86Z. Thereby, the two air hammers communicating with
the air supply channels 86X and 86Y excavate the earth in the correct direction
15 with the strong striking power and the excavating direction is corrected.

Now, other methods for correcting the excavating direction of the leading
hammer 10 will be described.

First, one of the air supply channels 86X-86Z is turned to the position
corresponding with the correct direction (for example, the just upward direction).

20 In this case, as shown in Fig, 13(a), the air supply channel 86X, for example, is
positioned at the just upward direction.

Second, the activation air is supplied to only the air supply channel 86X
that has been at the position corresponding with the correct direction. At the
same time, the propulsive cylinder 48 and the rod rotating device 68 are driven

25 s0as to rotate and propel the leading hammer 10. At this moment, because the
activation air is supplied to only the air supply channel 86X, the activation air is

supplied to only one of the air supply chambers 90A-90C that is communicating

with the air supply channel 86X,
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()-'rj!10% (cbmimunicates with the air supply chamber 90A; as a result, only the air hammer
16A is activated and thus only the earth in the just upward direction is excavated
5 by the bit 26A.

Since each of the air supply chambers 90A-90C has the predetermined
width, the activation air is supplied to only the air supply chamber 90A as shown
in Fig. 13(b) while the air supply chamber 90A communicates with the air
supply channel 86X even though the leading hammer 10 is rotating;

10 consequently, only the air hammer 16A is activated.

Then, the leading hammer 10 rotates and the air supply channel 86X is
blocked with the outer periphery of the rotation body 84 as shown in Fig. 13(c),
so that the activation air is supplied to neither of the air supply chambers 90A-
90C; as a result, all the air hammers 16A-16C stops operation.

15 After that, the leading hammer 10 moreover rotates and the air supply
channel 86X comes to communicate with the air supply chamber 90B as shown
in Fig. 13(d). At this time, the activation air is supplied to only the air supply
chamber 90B; and only the air hammer 16B is thereby activated. At this
moment, the air hammer 16B is positioned in the Just upward direction, and thus

20 only the earth in the just upward direction is excavated with the bit 26B.

Since each of the air supply chambers 90A-90C has the predetermined as
described above, the activation air is supplied to only the air supply chamber
90B while the air supply chamber 90B communicates with the air supply channel
86X as shown in Fig. 13(e) even though the leading hammer 10 is rotating;

25 consequently, only the air hammer 16B is activated and only the earth in the just
upward direction is excavated by the air hammer 16B.

As described above, when supplying the activation air to only the air

supply channel 86X, which is at the position corresponding with the just upward
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direction, only one of the air hammers that is at the position corresponding with
the just upward direction is activated even though the leading hammer 10 rotates:
so that only the earth in the just upward direction can be excavated. After the
earth in the correct direction is excavated in the predetermined amount in the
5 above-described manner, all the air hammers 16A-16C are activated so as to
excavate the earth with all the bits 26A-26C. More specifically, all the valves
73X-73Z are uniformly opened and all the air hammers 16A-16C are uniformly
activated. At this point, because the earth in the correct direction (in this case
the earth in the just upward direction) has been excavated in advance, the leading

10 hammer body 10 progresses gradually to the correct direction, and thus, the
excavating direction can be corrected.

If the desired correction cannot be achieved by the correction operation at
one attempt, the above-described operation is repeatedly performed. The
normal excavation is resumed after the required correction amount can be

15  obtained.

In a case where the excavating direction is corrected in the above-
described manner, the apparatus of the present embodiment can easily correct the
excavating direction by the easy operation for changing the supply of the
activation air.

20 In the present embodiments, the three air supply channels 86X-86Z are
formed at the case 80 of the swivel device body 76; however, the number of the
air supply channels is not limited to three. For example, four channels may be
formed at every 90 degrees, or six channels may be formed at every 60 degrees.

Moreover, in the present embodiments, the swivel device of the present

25 invention is applied to the multiple air hammer apparatus; however, the swivel
device of the present invention can be applied to another apparatus that is
equipped with a plurality of excavation tools other than the air hammer.

The swivel device of the present invention can be applied also to another
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apparatus using a fluid other than the air.

In the embodiments presented above, the three air hammers 16A- | 6C are
provided to the leading hammer body 10; however, the number of the air
hammers is not limited to three,

In the present embodiments, the bits provided with the extendable and
contractible bit teeth 28A-28C are used; however, bits 26D-26F shown in Figs.
15(a) and 15(b) without the extension/contraction function can be used in a case
if the leading hammer body 10 does not have to be pulled out into the starting
side and coliected. As shown in Fig. 15(b), the bits 26D-26F have the same
form, and they define a circle as a whole by joining to each other and project
from the outer periphery of the casing 12.

In the above-described embodiments, the description is given to a case
for excavating the earth horizontally (a propelling method); however, the present
invention can be applied also to an excavation in the vertical direction.

As described hereinabove, the multiple air hammer apparatus and the
excavating direction correcting method therefor according to the present
invention is highly energy efficient and can easily correct the excavating
direction, since the air hammers striking the bits are separately operatable.

Further, in the swivel device of the present invention, a fluid can be
selectively supplied to only the supply pipe that is positioned in the direction of a
particular supply channel by selectively supplying the fluid to the particular
supply channel of the plurality of supply channels. Still further, by using the
swivel device of the present invention to the multiple air hammer apparatus, the
earth in the particular direction can be selectively excavated by adjusting the
supply pressure of the activation air that is supplied to each of the air supply
channels of the swivel device, and thus, the excavating direction can be corrected

easily as well as efficiently.

Furthermore, according to the rod of the present invention, the air can be

1110%
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separately supplied to the respective air hammers from the plurality of air supplv
pipes disposed around the main pipe; thereby the respective air hammers can be
separately operated. In addition, the excavated soil can be efficiently

discharged with the auger wings which are attached around the main pipe

wn

regardless of the excavation distance.

It should be understood, however, that there is no intention to limit the
invention to the specific forms disclosed, but on the contrary, the invention is to
cover all modifications, altemate constructions and equivalents falling within the

spirit and scope of the invention as expressed in the appended claims.
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1. A multiple air hammer apparatus , comprising;

a hammer case {18}

a plurality of air hammers (164, 16B, 16C) for striking bits (26A, 26B, 26C)
mounted at a front end .the plurality of air hammers (164, 16B, 16C) being

disposed in  the hammer case (18) and activated by air supply,

cach one of the plurality of air hammers (16A, 16B, 16C) being independently
operatable

3

a swive] case (80):

a plurality of supplv pipes (58A., 58B, 58C):

a rotation body (84) which js rotatably provided to the swivel case (8)), an

end of the rotation body (84) being connected with the plurality of supply pines {58A,
58B, 58C);

a plurality of recesses (88A, 88B, 88C) which are formed at the rotation bodv

{84) with predetermined intervals and define subply chambers (S0A. 90B, 90C)

between the rotation body (84) and the swivel case (80):

a plurality of supply passages (92A, 92B. 92C) which are formed at the

rotation body (84) and respectively connect the supply chambers (90A, 90R, 90C)
and the supply pipes (58A. 588, 58C) to each other; and

a plurality of supply channels (86X, 86Y, 867) which are formed at the swivel

case (80) with predetermined intervals and communicate with the swive] case (80).

wherein activation air is supplied from an zir supply device (72) to each one

of the plurality of supply chanunels (86X, 86Y, 867) selectively so as to control

activation of the air hamumers (16A, 16B, 16C) and correct an excavating direction.
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2. The multiple air hammer apparatus as defined in claim I, wherein the bits

NEA YER A : . : .
(264, 26B, 26C) are provided with an extending/contracting mechanism.

3. An excavation direction correcting method of a multiple air hammer
apparatus in which a plurality of air hammers (16A, 16B, 16C) for striking bits
(26A, 26B, 26C) mounted at a front end are disposed in a case (18) and are
activated by air supply, wherein:

a striking power of each of the bits (26A, 26B, 26C) is adjusted by
separately controlling operation of one of the plurality of air hammers (164, 16B,

16C) so as to correct an excavating direction.




