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Jul<OGYO KABus:s;tia: . KArsl;iA,, a __ Go1DpaxtY: "the .. oil cha.iriber;··lQ7 .. is ejected through. '8. .. fuCl- . 
. . ·; O!°gani8ed and existing, undei; th¢ .. Jaws :.--Of - ii;ijectioµ. 'porf tJ\.·fotµied ;through, tlle WaJ.i 4$.· JapaiJ., ~sidiµg at No~· . z,,::..1~ · 2~ch()me:, :ote- .· o!; th~ fy).iiider 1or into_··~- roricave: :re~. HS. : 5 maclii Chiyoda-ku, · Tokyo;:.to,. Japan,·· do'. iii'~ :aijv,il lOl •. · 'l'he ftjel J?uinp:: ,06 .. com-.. 

h~~by · cledare the invention,-· for'::.whicli we· mtiOicateS.- \lVith. the:-fiiel'.'fclllk ;10{· througfl'° li: 
pray thaf a . patent may be gnmt;Cd , to;. :Us, . fu.CLpi~ 112,. Ari cipeiiirig 113' t:hrOugh whicli · 

50 

10 

:15 

combustion chamber·' -'1lnder ·- -high .--:pl~sSure, ignited' in a; ._space 'defitied .by' the' coricavf sur-

' '' th,~~t~J:i!~ :~e4~~· ~o ty~~ :~U.;'~·.·_ !~~!1h~f~~e~Z Ji~. 8Qid~te~':. ~ 
20 fUrther- illustrated with reference . to F1gqres the ram ,102 1::; lift~< t<>< a pre!;leterm111ed 

'• 1-:-3 .. of -. th,e accompanying draWing::;, : in height, tliereb~·· c~mpletijig'' oD;e .. · cycle .cir pile-. ·· .. ~.i~~~·~~~:.::t- B~z~~;r~: ~·-
.. hammer of:the·~c0rid.typerefeued:.to;:;and · tioi:f of the·'riiixfure· takes' plaee' as s0on as, 

.. F,~gure' 3:. is,: a_ detailed. view; _iii .St!ctfo~, tlie die5et-.hammel'. .stllftl; _t9 operate. so' t.-iat' 

.• ~'~1~1:~,BW•J.i?~-
:. :. , is'fitted ~mind the-cylinder ,101 anCi''a)¢ver. r~ .. 102--$Wk«;~·the .. 8:hvil'l03;,'fhe,.S,it:~s:-. 75., 

.. : w~~i~fi~:;~s~v~1~• -.. - _ 'When,tJ:ie.·ram 102 drops; the-le~r.105 is .. the·~JQ~ -0µ .. @,11nVJl..J,()3;;and)1enc;:e.the_ 
-. Ao. p~hC~ o~twards tl:iris forcing the':'conriectingi pile' tlriving: ~~~·~cy'.'.'¢''tl:ie d,i¢8el ·.ha#itnei.. 

-•- rod, HQ:i doWllwi:itds: .. and .:ll'.cfua:ting·> ~, is -- considerably··· :redticeg;,--.Wh~1L,.,!l '-:diesel, 
pl¥g6:, s<!: that the pt>it 10~ ~~ ~Iosed &14'" h~er~f -~s.,.~Yl'e·i~'u~~-~C>~rit1?.dlisly, tl:ie 

""'[Prile25p]-•- -" ·· ... _, -.. :.-•- :,.:•:- --- ,._,., ; <'.li=1· ... ;'>'·:·· u,,_, ···:r 
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pile drivmgd· . thi~fliciedncy. is .redeffiuce~ more and ram 102 engages with the lever 105 so that . /"'.'.'"':,. 
more, ~ s re uction m ClCilcy ~f aJ.11 t!:t~ ~: .i$. injeeted into the combustion :.i.__ , 

~ prevented.. Furthermore, a, sPit11.ble ... ~. 117 durjng. the downward. stl'Oke. ot ·. ~~ 
clearanc:e .must-be provided between. the inner ~e ·ram· 102, SO. that combustion tends to 

S wall of tile cylinder 101 and: the->ram·l02;-se . start befoir& the ram·- 102' strikes- die- anvil 1.01 
that the. latterd.J,iay slide iQ:. ~:·f9ii.meifr.ID 103. ~refp~~ tb.e·d.~wa.i:d::nlO~:Of 
consequence, the convex.. sµdJi:e .. H6 .• a.t tb.e the rani~ 102 is b.rllke.d: o,r.: rewded_ as .. in·. the 
19w.er end of the ram 102· dOes not completely case of the diesel hammer· descnbed-with re-
mate with the concave surface 115 of the ference to Figure 1 and the efndeneyds ·ooa.-

10. anvil 103 when the ram 102 strikes the.· sequ,ently decreased; 7J.; 
anvil 103. ·Therefore, the inj~Q; ~- C.OA-:-- The:· present. inventi.on consists. in a: d,io$el 
centrates in some portions of the eombustion hamnier comprising. ·a homing within which 
chamber, and the ~ired atomization of the a ram is arranged" to fall upon an anvil 
fuel cannot be attained, thus reducing the a combustion chamber· bell.lg defined:: by the 

15 efficiency even further.. ram, the anvil, and the wall; of the·: housing, 80 
In the diesel hammer of the type and. ~ag'~- f9r: delive:dng ~ to-. the com­

illustrated in Figure~ 2 and 3 an anvil 103 · ~~1 chamber,- sajd· i:nean&' beinp; arranged 
forms a part of the lower end of a cylinder to be actuated by. ~ ~ure of:- the air 
101 and a rain 102 having piston rings 118 compressed within the combustion chamber 

20 and 118' around its circumferencer; ·iJ$ ~ whe.B: the I'8lil falls towards the anvil. 85 
into the upper portion of the cylinder · 101. The invention will be further described, 
The. upper end of. the cylinder 1m is. closed. by, w.ay. of ~pie only, . with. referenc;e .. to 
~ a oo"Ver 119. so ~t· &a. ... air ~l;fer. 1~9.' Figlge~ 4.:-15 of. the accompanyiQg dra~.-
is 'defiiled 'between the ram.1Q2"8PA'.t~. a>ver, ill'.. wIU~.; --

25' lW• A- fuel· ~p 10()' i~ .. attac;IIed. to du.= Figure 4· is a side view p_artly in. setion··of: 90 
outer wall·of the cyl~de.r, lOla114:'coµip#,se~; a.Qieseth~:in acwrdance:with·the·PJ'C!'" 
a spring_ 121; a me.n\Jer, 12~.for su~g- sent i\J,.VCJ1~ion; 
arid· guiding tlte spring .1i1;. a pl~ 1'23:;. ~i~. 5. is a· fragmentary sectional. view·· 
a cylinder 124, . a. di~~ val,ye{ 1~_5;. a· dis-. th~pf illus:trating th<} ram· striking the·· anvil'~ 

30: charge valve spring. 1.26;_ a ~el pon:· l~ an4 11'i~ 6. is a hori~tal seetiOnal. view·.· 95 
a connecting oi:'. a~ting_,@· 12~ ~~ding, illustrating the direction of· the fuel· spray· 
~o~d 'the upper end,: of_: $e. :fµ_et pump, 106;. from ~ nozzle; 
When the rod 128: is.,fo~·~do~~.by a. ·Figure 7· is a further horizc;>ntal' sectional. 
l~~r 1_05 the plunger. 1~- ~oyes d.0:wnw~Y-. view iU~tt:ating the direction.. of: the-· fuel 

3S- a~st·. the Sl'Png_ 1i1;. ~by, d~argi,n..g_ sptaY.~ the_ nozzles;, . . 100 
the ~t C9n~4..' i~ ~ cMn1~r. 107:·· Pi,_.. Fi~e 8: is a fragmentary sectionaLview-· 
noz~le, 1~.9 iqi;:ludes a. ~'. inj~on,, orU!~: iU1;1&njting;th.e direction .of the·air:ffows-; 
130: fc:>rm.e<t tbroug,1.i th.~c l~a4iP.&. ep4.': of.: ® · Figµfe 9· is a hqritorltaL view· ill~tr~ting. 
~lliA bj)d_y, of tµe, 'npZJle. a :iw.z~~- tiJl. l'-2.l. the· difection ·of the ail; ftQ.ws; 

40': ~ying __ a_.f~J · oU $.!MW.. 13;1;.a val'9'e .. U';. Fi~_ 19 and 1l afC .horizontal' secti<>rnd 105 
ac sprjiig 134 for sµppPrMg. ~ val~. 13~;: vi~'W-$_".illu~tra~g, the flow of' the': sprayed. 
aI.li:t fu~l ~ Jl9J;'ts_ 1~5~ an_4:: 13.5'. TJtc;: f~t i!J_, ftld; . . 
tb.e~.f~re. :iQ;.e'*~-· iU,tQ. tb;e. cyUn,,d¢r. lOJ; Figure 12 is a detailed'view· of-a·fuel'~p-
through the port 130 when th-e val"e,.1~3.: i$. a~d.a,no:µle; .. 

45" operu;d. .. T.h11!b.the.~ iQ-.the.lvet,pump 1()6· Figure 13 i~ a vertical-sectional view·of:a 110 
may be injected. tbro1,1gh a . .fOd Pl'~- 134, ~&el:. ~er. p_rovided.' with a device- for· 
and. noule .129 it\to. th~: cp®,>ustjo~_,chj.p:i,Q¢r, stoppjgg _the. o~ration thereof;· 
u 7. . . ll.'im 14. is. a ~Wl.¢d; view of: one- CfJr. 

The- lever 105 fi.>r. a,;waW8 t:Q~JP~Lppmp_ bodjn!,ent of a device for stopping_ the ~era";' 
so· 1015 .. mechani~y i$ rotllta.bly ~, to' ~- tiop::.()f.'the diesel ha.nun.er; a®· 115 

cylinder 101 a}:>Qve,. the.~' P\lmP. 10(); Tlte ~gure 15· is a view illustrating~- another 
~yer lOS ii!' a~ted by.the'.d9w.n-wWd .. niove";'. em;~t of. the device for stopping the· 
ment of the. raro.. 102~. $9 tliat, the. 1'99. ·· 1zB~ ~$.n.., . . 
the; pluµger. 123; ai;td·th~ ~.1i2;~0~· :&;fen-~. to Figure 4; an anvil 3 fOl'lllS 

~- dpwnward}y. T.he .fuel ~l.o\V.th.cfpltm,ger.Jil a part of the_ lower end of a cylinder.1, im.d .. 120 
i~. foreed. dQwnW:~ while:. tl!«l:;. pi~r- 143: a, r8.m; -~ having. p.iston rings ~ fitted: arQ.~d ·. 
clQses th.¢.P!>rt 127 and1tl\e~fud:i.S,fo~P.ilJ,tQ its. ci;r;cwnf.erence and .a.portlon red:tteed··m:-
the J>a$Sage.136. ~.d thC::P..,intq tl_l~·,oil_·_~-;. d~ter. at its lowel;' end (to be. refCJ:red to-
ber. 13l.'Di4 ~ .. P!>~.135.a.Qc:t.US'~.T.h-e hereinafter as "the reduced· portion")' is· 

60· v~ve 133,is opellCd.agi.in_st.tb~ spQn,g.'13.~h.· sli.4a})ly qtl;ed into the. upper portiOn~of:.the· 125 
an4_.the fuel i~-inj~cted. andJitpw,i~;~ cyJ~, l. Wkn. tb;e ram is in cootact~with 
the; orifi~ 1~0 into, tb,,~, cQilll:m;S,ti9il. Ch.~:.: ~e anvil .. a.combustion chamber 5· is.defined 
~~ 117 at>we. th.e .. ap,yil: 193. .. . by tbe:cyUn.der l~ ~ anvil ·3~ anci the r!llll 2; 

In a diesel hammer of·the·8econd·type, tire as showri iri Figure 5. A fuel· tank 6·' is 

65 fuel injection p~sure is produced when the fitted around the outer periphery· of the-' 130' 
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:0 ==11~.ile: mt~~==~ 9.·for 'briutclifug.:tlilifuCI lin.e1r'is diSposed at'a;; · -fQel paSilage ·29J. A ::pump .. plunger 31: ·'is'" 

S< 

70:· 

75/ 

20) 

85:. 

the .ram 2 closes: the-· suctio:n .. edtaust'.:port·15' ·· · WJietnhe;plunger131~.is·i'aisecL'
bY;·the,:push .. 

~~~1~t~!!~~~ 
30·.; ancl:-8';are;·diametrkally. oJ>P.oscid· m/the:'com.:.·, havjng:·art injection orifi~ -3!tand' .. ·oir cham.;, .. 9~V 

~,~§iif@! ir~~7A~!OO 
both sides on imaginary line 'a connectfug:,tb:e<• may;:have: a• constant•. f()tce<or;:its-JotcC~i may.• 

orifices of the nozzles 8 and 8' as shown in ·be<adjusrablC ·by{•a' ~~~tPe'. like~ :T~; 

Figure 6. Alternatively, the fuel may be splling 44 'is' disposed:.within ;tlre::I10Zzle ·holder:.· 

40 sprayed at ari ang~~ a in on~ <iirection only 38->as shownidn Figure;:• :12:: :•:The· fueV pass; · 1o5· 

relative to the lme'a ~·:~ow.tJ.iin-. Figure ·1. ages· 46;. 47•':and'· 48 deliver:· the fuebftom: 

The nxel pump 7'. is fixed;•t6 ~cyiiitder I by the'.fuel linefi,,11;-12 .. and:H.to;.the<.~iH::J:rain::.: 

bolts 16. Figure 12 is .. a'deauled-. view of the bet' 40;Y•When t®· ft1efis·; deli\rered:dnto: the:, 

fuel pump,7. The punip~;7 includes a cylinder oil:, chamber,,40;: the: needle· valve: -4a7.:;is;:-, 

45 23 actuatable by the air (~ be referred tC) · opened: ·by· the fueL~ure against:tbtt;o:springr- 110 

hereinafter as "the pneumatic cylinder") and . 44·; so · tblu::'thei .: fuel/inay · be~; ejected:' through 

fixed to the cylinder 1 by ·oolts (not shown), tb,e,oriffoe :39: ftom~'-~'oil;Cbiimber:'41:.· 

· ~£~~2;f .::~=z2~~¥:r~:~,::~ ~f~d:~r=-'·=ii:~';~
~,~~ 

so off'tlie. poeumatic-·cyimaer. 2~;fordbriiti.tig: the· the .pon:,H:"and .th~:- Pa.Ssage:::2!f.;. therCbyt'. us 

upper eiid:-of1the stroke Oll')llOvement·of::tbe:·: -~sing~the.; piSton·,·26,. tbC'ipush: roo\27;: the:-; 

piston 26, and a push rod 27 atranged'ti>'> guide:33 llild<tbe pluiiger: 3V T,he:·valve 35:-

55 

combustion: cb;1unbet·f5+'t1¢o\J.gl:f/the' port,-14> the compression, the· fuel is immediately· 

;-. ' an.cr&e passage:,:24'; :tJie pus~, ~; 27 is. a189· · igni~ecL . : , .. . ,. · .· ::r:' ·, .. . · ; ·> 

65 niov-eG :·upwards; through' tbf ·s.tOp:.:22: ·which· The ·comb'ustion.' produet:: gas .. piesstire; then:.: il<r 



; 

4 1,260,630· 4: 

acts upon the piston 26 so that the plunger 
31 is raised. Therefore more fuel is caused 
to be injected into the combustion chamber 
5 through the nozzle 8 and 8' so that the 

5 combustion may be continued. The pres­
sure of the expanding gases .acts upon the 
lower end· of the ram 2, thereby lifting it· ~o 
its initial position. When .the ram 2 moves 
upwardly, it opens the suction--exhaust port 

IO: 15, thereby exhausting the gases· into the 
surounding atmosphere, whereupon the piston 
26, the push rod 27:, t1;ie guide 33 ~ the 
plunger 31 are all returned to their respective 
initial positions by the spring 34. Fresh air 

15 is ·introduced into the cylinder. 1 through. the 
suction..exhaust port 15 .·when the ram 2 ·is 
raised to a predetermined height. The above­
described. operation may be cycled; 

In the diesel hammer having the construc-
20 tion described· hereinabove, where the ram 2 

drops, it closes the suction-exhaust port 15 
of the cylinder 1 and then compresses the 
air in the ·cylinder adiabatically. Finally, the 
ram 2 strikes. the anvil 3 so that a pile 

25 (not shown) is. driven into the soil. The com­
pressed air in the cylinder .1 is delivered to 
the fuel pump 7 through the . air port .14, 
thereby actilatiilg the pump .. 7 as described 
hereinbefore. The fuel supplied from the fuel · 

30 tank · 6 is therefore forCed into the fuel line 
11. by the fuel pump 7 and is branched at 
the joint 9 so . as to •be delivered to the 
noizle · 8 through the fuel line 12 ·and- to the 
nozzle 8' ·through the fuel line .13. The fuel 

35 • deliVered to the nozzles 8 and 8' is sprayed 
at an angle a :relative to the line a and mixed 
with . the air in. the combustion chamber 5. 
Since the temperature of the air in the com­
bustion chamber is raised: due to being com-

40 pressed, the sprayed fuel "is burnt the com­
bustion gas pressure forces the ·ram 2 .up to 
its initial position. Thus, one cycle of opera'."' 
tion is a<:Complished~. This operation· may be 
continued ·as often as described until the 

45 pile· is driven into a desired setting ·depth. 
From ·the fo~oing,. it will be readily seen 

that fuel .pump· 7 is actuated by the air com­
pressed· when the ram 2 drops in· the· cylinder 
1 an.d then ·the fuel is injected into the com-

50 . bustion chamber· 5 through the nozzles 8 
and 8'. This means that the injection period 
may be .arranged to coincide with· the moment 
the ram 2 strikes the anvil 3. That is, only 
a. small portion of the fuel is injected im'."' 

~5 , mediately prior to. the ram 2 strikirig the. 
anvil 3:, while the substantial ·portion of the.: 
fuel is "injected immediafely after· the ram 
2 strikes the anvil 3. In other words,· no 
combustion occurs ·as the ram 2 . drops in· 

60: the cylinder 1, so that the pressure in the 
cylinder 1 · is · 1ow whereby. the downward 
movement .of the ram· 2· will .not be retarded 
at all. 

As described bereinabove, only a small por­
~5 ·.· ti.on· of the fuel is injected immediately prior 

~ 

to the ram 2 striking the anvil . 3: while the r 

substantial portion is injected: immediately· -f·-'" 
after· the ram 2 strikes the anvil 3, so that ~ 
the ram 2 is raised from the position in-
dicated by the· chairi lines . in Figure 8 to 70 
the position indicated by the solid lines dur- . 
ing the fuel injection. In COJisequence the · 
volume -~of 'the combustfon chamber 5 · may 
be varied during the fuel injection but since 
the combustion chamber :5 is circular in cross 75 
section· :then : the· air in· the· cylinder 1 flows 
from the· peripheral portion of the chamber 5 
into the center thereof- at a vety high· velocity 
when the ram 2 is ·raised .. during the fuel 
injection; as shown: iri F'igqres 8 and 9. Thus. 80 
the fuel sprayed by the nozzle 8 and 8' is 
redirected ·toward the center of the combus-
tion chamber 5. When the fuel is ·sprayed as 
shown in Figure 6, it is redirected as shown 
in Figure , 10 and when the fuel· is sprayed as 85. 
shown 'in· Figure 7 it is ·redirected toward 
the center as shown in Figure 11. 

Even when the volume of the· combustion 
chamber 5 varies because of the upward 
movement of the ram : 2; the fuel is miJCed 90 
with the air .in an· efficient· manner, whereby 
the best combustion may be accomplished .. · 

The fuel injection' timing. may be deter .. 
mined. by the ·diameter (D1qn) .of the piston 
26, .·the ·Diluneter . (Dzcm) of the plunger 95. 
31; the force c~stant (F1 kg) of the spring 
34:, ;the :diameter (Daan) of the. needle valve 
43, the diameter (D,an) of the valve seat 
45, the force. constant (F2kg) of the spring 
44. and the· pressure of the air inside the· 100 
cylinder 1, in accordance with the 
formula:-

p. -(°'22 
>ff2 · + F1)· . 

. - oz -o2 
3 . . 4 

-1...,,. o2 
. 4 "' 1 Ill 

wherein , P kg/ cm.2 is the static pressure of 
the air . inside the cylinder 1 when the . fuel 105 
is injected -through the nmles 8 and 8'" The 
force of the spring 34 is · not taken into 
consideration. . . 

The fuel injection period is . determined by 
the above "described factors and. the diameter · 110 
(D5cm) of the orifice of the nozzle 39. The 
total mass of the movable parts such; as the 
piston 26; the plunger 31; the push- rod 27; 
the.·guide 33, the valve .35 the nozzle ·needle, 
val\re· 43, :etc., the compression: presstire and , 115 
the pressure of the gases resulting from, the 
combustion. However ·it has been empirically 
proved that when the mass of the. movable 
parts. is .reduced to a minimum and the above 
defined factors are so selected as to satisfy 120 
the relation·. (2) below a required quantity of· 

. .. 
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' .. ) 
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... ···-·· __ .... · .. 

f~l- may . 6e injected into. the: cylinder. · l ... dur-
,c;;.o:~ .,in.g .. 8: reqlliied fµCl)nii~i~~ peri~d ... ~ .· _; ·.: ~ .. 
~~~ 

Jh~ ;discharge . ~~·.of the .fuel pump .is. made 
:aimosfZero so:·. tliat .the movable parts srich 60 

·=ur~:~~t~':a;~~~:e1L::~~ .. 

Jn,.methOas .. (c) arui. (d);>,the deSi .· rriacliin-

,~~~[~ ~ . ~-

;; 

port '$5jri conimunica#on with the fuel J?tm,ip v .. 

S :ma:w: ·:1"th;.~thbe .. me·.·· .. :rrm .. menoangmen.te~tt.·. a:::t .... hw~hio.~in.c .. ·fueh·.a.:.de .. thle:.fr:lra:m.~.: c. ·~2·µ .. ~bes.xtt .... ~ikes:~ :.~~;;~<~,po; ~~~Pe~~~~fo~rwi!~f!: 70 
. $e.>passage betwe~.tlt¢ .. Ports 55:and 56 arid 

the ~Vil ·3.;· SP .tha,t only -~.,small !portion· of an: ami 53 adapted to fock theleyer 52 dur-
·the :quan~; of ~l isjnjected. · imfuediiltely .ing .. operation as.s~own .. in Figure 13. ,The fuel 

prior to the ram 2 striJ.c:ing. the aD:vii. 3' .while ..... 'pum:s·.,.•
0 
... P. ··.···.P· " . ..; 71.T •. co .... · .... ·.mm

5 
.. '
1
. ·. :.im.th: irouc .... ~tegsh. ·~th·.·ithe·.· :·funi:' poli"nrte···.·.5_.

1
s
1

o···f ... Tthehe ·
7
·
5 10 ·a·, subs1lUltial: pol'tion is injected :imme~ately ~ vw~... CJ. 

: after the . i:iUn 2: S;trikes t)ie anviL-.l. ..'!1ie~- . nozzle· ·g . coirii;ri~ic~te$ With the· port 5 6 ·of 
fore ~. ,overcom~ one ... of .. the main disa'd- the.stop v81.ve,Jl 'tlii'ougb the fuel line 54. ": 

vantages e>fJ1J.e prior .ai:t .. .te. that'combUstioii .•.'1.:n· ... ·.•.The .. .-.·m·.·.··.·o·.·, .. ·re·•·~ .. i.·nd:.~e.:tai.·.··.·1p.·n .. w·on,.1"th· .. : ctev.··re· .. ···.·e .. ierence. willce· .• ·to·. be ... F·.·.· ... 1~gure·.·.scri ... ··.oo .. 1·•4d ... 
occiJrs: before· the ram strikes · ,the .: anvil, . 1.1 

IS ;whereby ,the de>wnw.iird movement'O~ ~jam .The stop Vat~ 51 has a pa:sSage 57 arranged 80 
.is retit.ded:. and. it$· impact' upon anviC;is · co~Xiilly,·~i~ <:~~· v~~ _¥dy 59~ ,.The,: ports 
·reduced. : ... ·. . . • •... · , ,:. . <SS and; 56,:co~Unicate, With each: other 
. : For•this .. purpose,.,the pressur¢ J~ :(kg/gn~) :~rough:an· .. oil..clwriber:58~·The.'yalve body 
(at which the fuel jnjeqt:iol.l intc)'the,_cyJ~µ.cier '59 is ai;i'a:ng¢d .. ':WithiiL,a valve hou8ing: 60, 

20 l is .. started'· and which, is obtainedO:from ·rnere beirig· no.gap tlieiebetween:·A sp0of 61 85 
Equation ..... (t)) is selected .S<) as 'to: be. ()f ,the Jor,; ititerrµpting the comniuriicatiori bCt:Ween 
order of :1/3 to 1/2 of .. ,the maxim.oo.:i !lir · ~~ .. ~rtS· 55 and, 5.6 is slidably arranged with-

. compression . pressure, the .. di8nlete~ ... : _are .in the: pas$age 57. A: rod 6,2· havingit:S lo\ir¢i: .-:. 
"selected so as to satisfy. the relation~·- (2). ·:e11cl)~~ed,;Jo ,1;he: upper end ofthe .. spoo_L61 

as The.' fuel injection: metho4 • accoidirig to. the exte~~, .. UPW8fdly . ()f. fue .. valve~ housirig ·: 60. 90 
inVen.tion is: ·not: aff ceted by: the tetnffel'.8.tut'.C .A :nut··, 63 . fits around the · rod 62 : and. : is 

:e>f .. the' diesel.hammer, etc. ·,· . ·•· .·· . . .. -~i( i~to .tlie .upper -.. eiid _of ,the yalve 
:. The fueLis.•.sprayed ·continuoU,sly,,oot Jn- .h..e>:i.µ;iµg ... 60. A spring ,64•is arranged. ab6ve 

stantaneously,• SP that the : combµstion,)nay the, upper;J~e of ·the nut 63. and arollrid · .. the 
30 ico'ntinue.gradually so tbat;.the initial,pres- .beadof>the rod 62;:·The,"shorter.atm~.ofthe 95 

stii'e of: the : eXpa11~ng gases resliJtjng from j;~ha;p;d . levei: ~2)s <pive>tably fixed : to ·,~ 
. the combustion· is low and the stresses' due to cylitlde.r l :IJ!.bout a. pivot67' abo'Ve the·: stop 
·this· initial pressure. of the::cylinder ·l, ;efu., yaJye,,_51; A. rope.::6S:'js sec1irely.· fixed to 
. may be reduced. . .. .. . . .· : .• ,. ·. , .. ·the ·,free end of the longer arm 66 of. the 

35 · : In, the embodiment described,~ the fuel .. in- )~'yerJi ~4: cap~.~ pulled: down so .thai tlje 100 
· jection .. system has been clesqlbed and :~0,Wn. .l~ve,r. g,,rpta.~s. llbOU1:' the· pivot ·6Ttowards 
'.as comprising e>ne ·fuel .pump 7 aµd:· t~o :J~e · pjSton, she>~;.in brQkCn:lines.:.A ~p~ec­

\ .. ' .. nozzles 8 and 8~. However; it Will be'U114er- :tie>n. :69 pr.oje~ .. t)ut of the paper. (as sho\Vll 

40 .&1~-i~~~: ;;::~t· ~~~~~~e.~1::;~k.e~ :~~-~~~'.;~~~~d:. ;::?:s~~e;:J 105 
··pump , and :one nozzle, o;r plurality .of:. fuel to the free end thC1'¢<>f," is p.ivotiilly'. .fiXefl 
· pilmps·and ·a plurality of nqzzles.:: . ·. . , . tc> .. '1te. cylind,ei: 1 .... lllloVC:~-leverS2:in stii:h ·a 

. 4S :.::~inffJi~~~~fe~t!~~:~e.~~~ ~~1t~!~~:?!~il;,~tafi 110 
.. the operation of ·the diesel :hammer; For •. ~x;- ·Je've.r .. :.S:~ is iiJ.clµi~, i:'pr()jectioo: 7L forined 
. :·ample~· the f(lllowing tneth!>d( njay be•: u~~d;. ; at the bend. of the.lever ·52 pi:ishes. the rod 

b~!11:ii~&:~!; !Ji~:}~1 ~t:1~1 .:~~:.:~~ .~~~~:;t:.~~~~~~ :·_,: 
50 ' ·: '(b) providing a bypass valve at the;Qµtlet :inte~pted by ,w,e ,spool.':,Jn consequeiice,)he 115 

· ~f t!1e . fuel pump. so .as to by~ss: the :fuel • fu¢1 delivery is · stpppe<t 'When the· lever 52 

to<:=~~:i/':~!p~:~ ·£u~1 pump; ::~ .. s~ .. /s.·~~.;~···~i::i.~. eg.tp.7h:eje:g~~ret .. ; 

·55 ~td):'.interrilptfug »the .. ~r-:p~sige be~n 
·the :cyliilder .an!! ·the ~l • ptimp, thereby; ~- -~:::::~~~e~=l ~l~ik d~ 120 
activating the Juel·puntp, . . . ' . ~- '. .. ·. .. . acnva~¢ :'ne spring •64 has a foree stronger 
· In. methods·(a) a:nd (b)~ the :;resistllnc:e, _()ri than, that. o(;the'.,spring ?0:·· A~-72 serires , ,, 

. : ; 
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~--determine the rest position of the lever 
·and hence spool 61 during operation of the 
-hinuner; . . . 

When: the : lever· 52 is in the p<>Sition in-
5 dicated by, the solid -lines, the pori: 55 com­

municates--With the port 56 so that the.diesel 
hammer operates. Therefore, when the ram 
2 drops, the a,ir in the cylinder 1 ~ com­
pl,'Cssed and this. compressed air operates the 

10 fuel·- ~p · 7 as previously described. The 
fuel delivered from the tlink · 6 · is delivered 
to. the n~~zle- 8- through the· ports 55 and 56 

· br, the fuel pump 7 -so that the diesel hammer 
·is driven;_ · 

15 ·To stop the diesel hammer;; ail operator 
pulls the· rope 68 causing the le'Ver 52: to 

-rotate abOut the pin 67 to the position in­
dkated by the chain lines so that · the pro­

. jection 71 pushes down on the rod 62 which 
20 in tiJtn acts on· spool 61. Since the spool 61 

fits exactly into the oil chamber 58 so that 
the--gap_ therebetween i~ very small, the. com­
tnunicii.tion between the ports 55 _and 56 is 
interrupted and the fipW- of . fuel from the 

25 pump 7 to the nozzles' 8'.and 8' is cut off, 
-whereby the operation of the diesel hammer 
is stopped~ · · 

Being released by the· rotation of the· lever 
-52, the arm 53 rotates under the force of 

30 the spring 70 until the . arm 53 erigages the 
projection· 69 of the - lever 52 and- thereby 

·prevents the lever 52 from· retuniing to the 
operative position indicated by the. solid lines 
under the force of the spring 64. Th return 

35 ·the lever 52_ from· the 9perative position to 
the int>perative position~ · the operator pulls 
the rope 68'. connected to the arm 53; there-

· by rotating it· toward the position indicated 
by the solid lines, . whereupon the le'\Tet . 52, 

40 the rod 62 and the spool 61 return-. to their 
original ·positions . tinder - the action of the 
spring 64 ·_whose foree constant is--~ate:f. than 
that of the . spring 70: .Simtiltaneously; the 
arm 53 returns' to its initial position. The 

45 "Port 55. again commuµicates with the -port 
56. so that fuel ma.Y be .. delivered to the 
nozzles 8 and 8' whereby the diesel. hammer 
is driven; -
- Figure 15 shows ·a further operation- inter-

50 ruptfon device. An · ann S3 ~ is . rotatably fiXed 
to one. side of the lever 52 and -a- spring 70 
is so _loaded ·as fu rotate' clotkwi~e the •atin 
53' pivotably fixed to_ one· side of the lever 
52. A~ stop 73 is fixed to- the· cylinder' 1 so 

55 a,s to preven~ the· arm 5~' from itiOving' past 
the horizontal position.· When the; rope 68 is 
pulled,. m.e ievet 52 is rotated' s6 that the 
rod 62 is pushed d.Ownwatdly and' the · ai:m 
53' is . rotated by spring- 7CJ ffoi_n it:B rest 

60 position (Showp.· in full fuies) until_·· it_ engages 
_stop 73, in which. position it is substantially 
horiZontaJ.· and- its end engages the_cylii1.der _l 
so that the ret1i1'l1 of the le\i'er :. 5~ is pre­
vented~ When the rope 681 is pulled;: the -ai'lh 

6S 53' is pivoted anticfockwise· a11d· disengaged 

from the cylind~r 1 so rlmt the Iever 52 can 
be returned to its· initial position · by spring 
64. 

.. ;. 

~t 
If the port 56 communicated with the fuel 

pump 7, and port 55 with the nozzle 8 the 70 
operating pressure of the fuel pump 7 
generally greater than that required to open 
the valve 43 of the nozzle 8, · would act 
on the spool 61 so that the force required 
to rotate the lever 52 would be increased. 75 
Preferably therefore, as described the port 5 5 
communicates with the fuel pump 7 while the 
port 56 communicates with the nozzle 8. 

The position of lever 52 -provides a visible 
indieation of whether the hammer is in 80_ 
operative condition or not. 

When -a returning or resetting mechanism 
of the arm 53 or 53' is not provided, the 
fuel pump is always operated. Therefore there 
is a• danger when the ram is dropped for the 85 
purposes other, than that of starting the diesel 
hammer. But the present invention provides -· 
the, mechanism for returning the lever 52 
to jts operative position so that the opera-
ticm . of the diesel- hammer. may be• well safe- 90 
guari:led and become simple. · 

Our- diesel hammer is not driven -through 
mechanical cam means so that the. moVeltlents 
of the movable parts are very smooth and 
their wear may be prevented. When the fuel 95 
is · sprayed at an angle relative to the center 
line· connecting- the opposing nozzles and -the 
center of the combustion chamber, the· fuel 
injection timing and the injection pressure 
may be adjusted by suitably adjusting the 
force of the nozzle valve spring 44. 

The combustion after mixing of the fuel 
and air may be started at the best time which 

100 

105 
may be empirically determined. This condi­
tion will not vary, irrespective of the opera­
tion time, the -temperature, etc; The air com­
pressed in _the combustion chamber may be · · -· 
sm0othly delivered to the fuel pump.. The 
arr flows toward the. center of the combustion 
chamber after the ram strikes the anvil so 
that the fuel sprayed at· a predetermined angle 
through- the noz.zles may be concentrated to­
ward the center, so that the direction of· the 

110 

fuel injection may be optimized irrespective 
of the variation in volume of -the combustion 
chamber. The fuel will be well mixed with 
the air at the center of the cylinder so. that .. 
the best - combustion occurs, whereby the 
efficiency of the diesel hammer and· the· pile 
driving force ot impact may be much im­
proved. 

The pressure of the expanding gases when 
the combtistion is started is low; the stress 
acting upon the cylinder is therefore reduced. 

115 

120 

WHAT WE CLAIM IS: - J~5 
l. A diesel hanttner comprising. a housing 

·within which a ram- is arranged to fall upon 
an anvil, a combustion chainber being de-
fined by the ram, the- anvil, and the wall of 

.. 

• 

.. --
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to determine the rest pos1t1on of . the lever 
and hence spool 61 during operation of the 
hiunin.Cr. · · 

When the lever 52 is in the position in­
dicated by the solid lines, the p<>rt 55 com­
municates with the port 56 so that tile diesel 
hammer operates. Therefore, when the ram 
2 drops, the air in the cylinder 1 ..is com­
pressed and this compressed air· operates the 

10 fuel pump .. 7 as previously descri~d. The 
fuel delivered from the tank · 6. is delivered 
to the nozzle 8 through the pOrtS· 55 and, .56 
by the fuelpump 7 so that ~ ·di~sel hammer 

15 
·is driven. · ·. 

To stop the diesel hammer;·· 1:1-n operafor 
pulls the rope 68 causing the: .lever 52 to 
rotate abou.t the pin 67 to the .• poSition in­
dicated by the chain lines so : that 'the pro­

. jection 71 pushes down on the rod 62 which 
20 in turn act5 on spool 61. Since ·.tli¢· spool 61 

fits exactly into the oil chamber· $8 so that 
·the" gap therebetween is very·· SniaJI, the com­
mlinication between the ports 55 :anci 56 is 
interrupted and the flow of fo¢1 fl"9m the 

25 pump 7 to the nozzles 8 artd· 8' is cut off, 
whereby the operation of the diesel hammer 
is .st0pped. '· 
. Being released by the rotation of the lever 

52," the arin 53 rotates urtder: ::the force of 
30 . ·;the spring 70 until the arm :SJ fligages the 

projection 69 of the lever · 52 Ailid: thereby 
·prevents the lever 52 from r¢tllrilirig to the 
operative 1>9sition indicated by_" the 5Qlid lines 
under the force of the spring 64. To return 

35 the lever 52 from the operative ·position to 
·the inoperative position, the·· .opej:atol," pulls 
the rope 68' connected to the: arni $3, there­
·by rotating it toward the 1>9siti0i:l indicated 
by the solid lines, whereupon' th~ -.lever 52, 

40 the rod 62. and the spool 61 retilrn to their 
· original prisitions under the ·. action of the 
spring 64 whose force constan): is greater than 
that of the spring 70; Simultaneously, the 
arm 53 re1'Um5· to its initial p0sition. The 

45 port SS again communicates. with the >port 
56 so that fuel may be . delivered 'to the 

. noz~es 8 and 8' whereby the diesel 1'ainmer 
·is clriven; : · · · · ><· \h ·.·.•. · 

Figure IS shows a further operation : intei:-
50 ruption device. An arm 53' is'.~rotat]lbly fixed 

to one. side of the lever 52 and' a:·~pring 70 
is so loaded as to rotate clockwise ·the'tnn 

t: ~ ... 

53' pivotably fixed to one sicle .of the· lever 
52. A stop 73 is fixed to the cyl~nder 1 so 

55 as to prevent the arm 53' frOin :moving past 
the horizontal position. When :the·~ope' 68 is 

·pulled, the lever 52 is rota~ed· s<)':tha( the 
rod 62 is pushed downwardly: an:d )he. arin 
53.' is rotated by spring 70 froni:-its<rest 

60 position (shown in full lines) until it engages 
stop 73, in . which . position it is 'substantially 
horizontal and its end engages the cylitider 1 
so that the return of the lever,_52:· i( pre­
vented. When the rope 68' is pUlled, ihe.atm 

65 53' is pivoted anticlockwise arid, di~gaged 

! ' I 

frOnf the cylinder 1 so. th.at the lever 52 can 
be :1-ef:liined to its initial position by spring 
64 .. 

·1f •.the port 56 commlµlicated with the fuel 
pwtjp 7, and 1>9rt 55. with the nozzle 8 the 
operating pressure of . the fuel pump 7 
genc#Uy .greater than that required to open 
the valve 43 of the· nozzle 8, would act 
on the spool 61 so that the force required 

70 

to rotate the lever 52 would be increased. 75 
Pr¢ferably therefore, as described the port 5 5 
coillritunicates with the fuel pump 7 while the 
port 56: communicates:. with the nozzle 8. 

The p0sition of lever 52 provides a visible 
indicatiori · of whether the hammer is in 80 
ope~tive condition or not. 

W:hen a returning or resetting mechanism 
of the arm 53 or 53' is not provided, the 
fuel. pump is always operated. Therefore there 
·is :a .danger when the ram is dropped for the 85 
~s !)ther than that of starting the diesel 
hatiurier. · But the present invention provides 
the : ~chanism for returning the lever 52 
to·· i~'. o~rative position· ·so that the opera-
tion of the diesel h.alrimer may be well safe- 90 
guarded ·and become simple. 

Otlr diesel hammer· is .not driven through 
mechanical cam niearis'so ·that the movements 
of :the· movable parts are very smooth and 
their wear may be· Prevented •. When the fuel 95 
is sprayed at an angle · J.'.elative to the center 
line .• connecting the opposing nozzles and the 
center Of ·the combusl:iQn chamber, the fuel 
it.liection timing and the injection pressure 
may .·be adjusted. by ~itably adjusting the 100 
force of the nozzle valve spring 44. 

The c.ombustion after mixing of the fuel 
and air may be started at the best time which 
m~y.• be empirically determined. This condi-
tion will not vacy, irr¢spective of the opera- 105 
tiori time, the temperilttire, etc. The air com­
pressed . in the combµstfon chamber may be 
smo()thly delivered to .. , the fuel pump. The 
ait "flows toward the center of the combustion 
chamber after the. ram strikes the anvil so 110 
tha.t the fuel spray~d :a.1:;11 J)redetermined angle 
through the nozzles il:laY be concentrated to-
ward :the center, !!O that ·the direction of the 
fuel;:injection maf ·be.·optimized irrespective 
of 'the: variation in volume of the combustion 115 
chamber. The fuel Will be well mixed with 
the' 8.it a~ the center of.. the cylinder so that 
the. .:~$t · combustion ·:·:oceurs, whereby the 
eftkien¢Y of the diesel fuimm.er and the pile 
drl,vjllg force or impact ·may be much im- 120 
proved: · ---~· ...• ~. · · 

The ·pressure of the. e]Cpanding gases when 
the' ccillibuStion is started is low, the stress 
acti~g \ipon the cylindef is therefore reduced. 

\VHAt WE CLAIM IS:- 125 
1. A .. diesel hammer ~mprising a housing 

withµi ::whi~ a raur is ;aqanged to fall upon 
an ·.anvil, a combu5tioii · chamber being de-
fined by the ram, the anvil, and the wall of 
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the housing, and means for· delivering fuel to from the or each nozzle over a predetermined 
the combustion chamber, said means being angle. . 
arranged to be actuated by tljC. pressure of the 9. A diesel hammer as claimed in any of 

7 

air compressed within the cOJI1bustlon cham- claims 1 to 8, in which the fuel delivery 
ber when the ram falls towards the anvil. means is ananged to · inject fuel into the 45 

2. A diesel hammer as claUned in claim l, combustion d?.ainber at the moment at which 
including a fuel tank mounted on the housing. the ram s~es the anvil. 

3. A diesel hammer as claimed in claim l ·. 10~ A diesel h&Jilmer ~ claimed in any of 
or 2, in· which said means for delivering the claims 1 to ' 9, in which means are pro-

10 fuel to the combustion chamber comprises ~ded by which the flow of fuel to the com- 50 
at least• one fuel pump. pusµon chamber may be cut off, so as to 

4. A diesel hammer as claimed in clalln 3, st<>p · the operation of the diesel hamm.er. 

. 15 

in which the or each fuel PllmP includes a 11. A diesel hammer as claimed in claim 
piston arranged to be actuated by the pres- . 10, in which said means comprises .a stop 
sure of the compressed air, .a push rod valve arranged to interrupt the flow of fuel 55 
arranged to be actuated by said piston, a . : ~ortg the fue~. delivery means, said stop valve 
stopper arranged to restrict the. movemc;nt of being operated by a lever. 
said piston, said stopper ~lso Setving as a · 12. A diesel hammer as claimed fu claim 
guide for said push rod, and further appara- 11, in which means are provided which urge. 

20 tus arranged to be actuated:=by the movement the. lever from its operative to its non- 60 
of said push rod so as to deliver fuel to operative position. 
the combustion chamber. 13. A di~l hammer as claimed in claim 

S. A diesel hammer as claimed in any of 12, in which said means is a compression 
claims 1 to 4, in which the ·striking face of spring. 

25 the ram is partly cut away so $at a com- 14. A die&el hammer as claimed in any of 65 
bustion chamber is defined· even when the claims 11 ·ti> 13, in which there is provided 
ram is in striking contact ·With-the anvil. a second leyer by means of which the first 

6. A _diesel hammer as ¢1aitried in any of lever may be locked in its operative posi­
claims 1 to 5, in which thC fuel is injected tion. 

30 into the combustion chamber.through at least 15. A diesel hammer substantially as herein 70 
one nozzle fitted into the wall of the hous- described with reference to, and as shown in, 
ing. Figures 4 to 15 of the accompanying draw-

7. A diesel hammer as claimed in claim 6, ings. 
in which there are two nozzles ammged dia-

35 metrically opposite from e~ other, so that 
fuel is injected into the coµibustion chamber 
from opposite sides. · 

8. A diesel hammer as claimed in claim 
6 or 7, in which the nozzle is or nozzles 

40 are so arranged that fuel will be spraye~ 

MARKS & CLERK, 
Chartel,'ed Patent Agents, 

57 & 58 Lincoln's Inn Fields, 
London, WC2A 3LS. 

Agents for the Applicant(s). 

___ ...,_ ____________ .:...----~------------------~ 
Printed for Her Majeiijy's Statione_ry ofQ.Ce, by the Courier Press, Leamington Spa, 1972. 
Published by The Patent Oflice,,25 Solipl,ia.i:lfpliori. Hui;J.4ings, London, WCli!A lAY, rrom 

wl11ch copies :ina::r:be obtained. 

!-----·- ·-·--·----- --- --· -- ·-· . -· ··- -- ... - - -- ·- ----- -. 

1 ,m1111rn11111111rn111111111. 
•·. C L - ~ S •-


