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..~ organised. and - existing, under: the  laws . of
¢ 77 Japan, residing at No..2--1, 2-chome, Ote- | ¢
2:5 machi ‘Chiyoda-ku, - Tokyo-to, L da’
hereby: declare the. -invention, - for ch : .
 pray ‘thit a patent may be granted to’us,, fuel.pipe 112 An opening’ _13 through whxch’
.. . and-the 'method’ by'which it is to be- per—' the", lever | 105 extends  inwardly- .of ‘the 50
.+ 7 formed, to be- ‘particularly descnbed m‘--and-_ cyhnder 101 ind "'a ction-¢xhatist .’ port
s 10 by the: followmg staternent: —- : ' fough  the cyhnder:
: The ‘present - mventlon relahes 1 a 1st; port’; 114 is ‘then:
hamimer.. .- . . ..102 afner thé fuel has ‘béen :
Convem:xonal d1ese1 hammers are known of'_"_ 55

S . Cess 115 As the ram 102.
" thiée:type"in: which. the fuel is atomized: by the dro he " cylin 171 "
15 lmpact -of ‘a ram on‘an. anvxl and - also. of ‘the.. ~ . ,
© type.in which the: fuel is m;ected “into - the‘ re is compressed and;,
= .~ combustion chamber. under Iugh ' pressure,. ignited :in pace defined by ‘the concave’ Stir-
“w,, théreby atomizing the fuel. - " face. 115 of -the anvil 103 ‘and the ‘convex 60
T Diesel hammers ‘of these. twor types wil . st 116 of: the ram- 102 In consequence,'
20 further illustrated with reference . to Figures the ram 102 is . lete L -to., '
1-—3.. of. the. aooompanymg dramngs, in
whichs— =
¢ -Figure 1is.a sectional view of 2’
7" hammer of the first type - -referred ‘o, ] when
25 Figure 2 is.a sectiofnial view of: 02 . strikes ‘the, anvil' 103" combus-’
... hammer of: the’ second. type. referre " tion of the niiktire takes place’ as’ sooti ‘as’
- F1gure 3 is @ detaﬂed View,. - sectlon, the dlesel hamm T tarts tg operate. so_ that'
s of the nvention' apparatus ‘of the second. type.- 1§ } iS”
" ..Referring to ‘Figure. 1, dn’anvil 103 forms'
apart of the lower end. of a cylmdcr 101 and
. a ram 102 is slidably arranged. in' thé. uppel
:  portion of the cylinder 101.-A fuel
- i fitted _around the - cylmder 101

this type.' of the dxesei hammer,

' downwards and ,sacf:uatmg 4. is ~ considers
plunger, so that ‘the port - 108 5 closed and."_'.; thi

o [Przce 25p]. =
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pile driving efficiency is reduced more and
more, and this reduction in efficiency canmets
be prevented. Furthermore, a,
clearance must:be

that the latter- may slide. ig. the: formes: In

" consequence, ‘the ' convex, surface. 116, a¢. the
lower end of the ram 102" does not completely

mate with the concave surface 115 of the
anvil 103 when the ram 102 strikes the:
anvil 103. Therefore, the injected: fugl con-.-
centrates in some portions of the combustion
chamber, and the desired atomization of the
fuel cannot be attained, thus reducing the
efficiency even further.

In the diesel hammer of the type
illustrated in Figures 2 and 3 an anvil 103
forms a part of the lower end of a cylinder
101 and a rain 102 having piston rings 118
and 118" around its circumference: ig; fitted:
into the upper portion of the cylindér 101.
The. upper end of the cylinder 101 is closed.
by a cover 119.so that ap.air chamber 120:
is defined ‘hetween the .ram-102-and the cover.
119; A fuel pump 106.is. attached to the
outer wall of the cylinder. 101 and: comprises.
a spring 121; a member, 122- for supporting’
and- guiding the spring 121; a plunger 123,
a cylinder 124, a discharge valve: 125; a-dis-
charge valve spring 126; a fuel port:127 and
a connecting, or. actuating rod’ 128§ extending.
belond ‘the upper end’ of: the_fuel- pump. 106
When the rod 128 is.forced downwards by a
lever 105 the plunger, 123" moves downwardly.
against the spring 121; thereby. discharging
the fuel: contained’ in the chamber, 107 A
nozzle. 129 includes a_ fael® injection. orifice:
130 formed  through the. leading end: of: the.
main_body, of the; nozzle a. nozzle tip; 132

' having_a_foel oil chamber 131; a valve 133;;

a: spring 134 for supporfing  the valve 133;
and_ fuel” ports 135 and: 135". The: fogl. is.
therefore injected. into. the cylinder. 101
through the port 130 when the valve 133 is.

- opened. Thus, the fuel in.the, fuel pump 106

may be injected through a_fael passage 136,
alulxg nozzle 129 into_the. combustion .chiamber:

The. lever 105 for. actuating. the. fuel pump.
106. mechanically is rotatably fixed to: the
cylinder 101 above_the. fuel pump. 106, The
lever 103 is actuated by, the.downward move-.

suitable.. .
provided between the inner -
wall of the cylinder 101 and’the:ram-102:se

sequently decreased.

the. tion-of ‘the diesel hammer; and:

g v < ) L F)
ram 102 engages with the lever 105 so that
all| the fuel is injected into the combustion
chamber, 117 during the downward, stroke. of
the ‘ram - 102, so that combustion tends to.
start before- the ram: 102- strikes: the- anvil 70

. 103. Therefore, the-dewnward. momentuny: of

the ram- 102 is braked. or. retarded_as: in. the-
case of the diesel hammer described” with: re-
ference to Figure 1 and the efficiency-is con~
The- present. invention- consists_in a. diesel
hammer  comprising a housing within which
a ram is arranged’ to fall upon an anvil
a combustion chamber: being. defined: by the
ram, the anvil, and the wall;of the: housing, 80
and . means: for. delivering fuel to. the com-

. Bustion; chamber, said- means.: being: arranged

to be actuated by the: pressure of: the air
compressed within' the combustion chamber
when- the ram falls towards the anvil.

The invention will be further described,
by, way. of example only, with_reference. to
Figures 4—15 of the accompanying drawings.
in: whichi;: —. _ '

Figure 4 is a side view partly in setien-of: 90
a_diesel” hammer -in accordance :witht the- pre- .
sent invention;

Figure 5. is a- fragmentary sectional, view-
thereof iltustrating the: ram-striking the-anvil}

"Figure .6.is a horizontal sectiénal view: 95
iltustrating the direction of- the fuel spray-
from. the nozzle; A

Figure 7-is a further horizontal’ sectional .
view illustrating the direction. of. the- fuel
spray from the nozzles;, S

Figure 8 is a fragmentary ' sectiénal. view-
illustrating ;the direction. of ‘the-air flows;

Figure 9 is a horizortal; view illustrating:
the direction -of the air flows;

Figure 10 and 11 are horizontal’ sectional ' 105
views. .illustrating the flow of : the: sprayed.

“Figure 12 is a detailed ‘view of-a fuel’purap -
and a.nozzle;

"Figure 13 is a vertical sectional view of‘a 110
diesel. hammer provided’ with a device- for-
stopping . the operation_thereof; '

Figure 14 is a detailed; view of  one- em-
bodiment of a device for stopping the opera-

85

100

115
Figure 15 is a view illustrating- another
embodiment of. the device for stopping - the-

ment of. the ram. 102 so that the rod 128, opera

the plunger 123, and.the member. 122 moye.
downwardly. The fuel below the. plunger 123
is.forced downwardly while.the. plunger. 123
closes the port 127 and :the -fuel .is forced .into
the passage 136 and then. inte the.oil cham-.
ber 131 vig the.ports 135_and 135".. The

* valve 133.is openedagainst the spring 134.

and, the fuel is.injected and. ato rough
the orifice 130 _into. the. combustion. cham- .
ber: 117 aboye. the anyil:103, - -

In a diesel hammer of ‘the second ‘type, the
fuel injection pressure is produced when the

Referring to Figure 4, an anvil 3- forms-

a part of the lower end of a cylinder 1, and- 120

a.ram 2 having piston rings 4 fitted- around "

its. circumference and a portion reduced:in
diameter at its lower end (to- be. reférred to-
hereinafter as “the reduced- portion™) is-
slidably fitted into the. upper portion-of:the- 125
cylinder, 1. When the ram is i contact: with

the anvil a combustion chamber 5 is. defined-

by the.cylinder 1, the anvil 3; and the ram 2;

as shown in Figure 5. A fuel tank 6" is:

fitted around the outer periphery- of thé: 130

L ey §
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L smtable peexﬂon below: thie: firel tanks

¢ ftiRa ‘manner- wl'nch wﬂl

> and8" are- dlametncally oppose

. pass - thro
¢ furthes - “ipcludes: a- fuel

: shaped cross: secuo

5 combusnon . chamber*
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cylihder: 15 and wfuel pumpﬂ acmab]e under’: | '

is: dxsposed b‘elbw"'ﬂie*-'fﬁel"'-ﬂwhk"'6': “Ajoint: fitted:
9-for branehmg ‘the fael linesis dxsposed ata; age 29
;pair’s . vex ically shdable W_l_thm thepum die'r-‘ 70
‘fuel 'injection’ nozzles< furr * ciamber: 32 'is' fo:med-:-'
'-s--dtamemeany ppose . .above. i phimge: A pump: spring-
as: to! inject” the- fael ‘into’ the:i guide 33 is” yertically.” slidable: -withim. : the-
jon-:chamber- 5 .. A - suction-extiaust’ pump ‘body- 21 iy such. . manner that: the:
i _énned‘ﬂlrough the: cylindér wall ‘guide+33. may suppert: -the: lower endtof the: 75
' y- formed! through;’.-- ‘planger 31 :and: may--be: be: caused . tosrmove:
iallgy. . __ﬁ'vemcallybyﬂleupperandoftthushrod
g- - 27:-A pump: Spring 34:is arranged: within: the-:
+ guide ‘33 and’ within: the inner-wall- ‘of: ther:
M- pump -body- 21, The’ fuel i the fuel: ‘tank: is*
e delivered:into: the: -0il: chamber: 32:thi
fuel - line 10, the “oil:; chamber:
passage: 29 A plag: sciewed! into: ‘the:

or end “of’ the- puimp: body 21:has:a fo
3’ throngh fuel hnes passage 37 andla valve» 35 whieh"'w' closed 85.
Thig-git -in: the: cylmder 1 is ¢ by:a. valve-spring 36i:. - - :

the ram 2 closes-thie- sucuon-exhaust port 15 - "\When:the: planger:31 is ‘raised. by-thex :
aid: dfops down towards: the-anvil 3° and is° de- rod 27:te: close’ the: fuelpassage29andnse
hve:'ed to - the foel“pump- 7 - - frther; the: fuel in ‘the- chamber 32:48

5 compressed so-that thes valve: 35 is.opened;, 90-
.. thereby: fm:cmg; thet fuel mto the fuel lmes
TS 42and 13,000 ¢ ;

Fxgure 12 als
8- m}ccnon nozzles: -8

détail: belows there‘uy

ceived fromthe f tank

8- and’ 87" throught the joint:
- AgH descnbed Tereinaboves. . d

bustion ‘chamber::5- and:;
ditected towards* the c&
5; The-injection orificés o
8:and8" may-be:so designe T
injected* ‘into the combusuon-diamber ‘ofer an - prmg
angle «-that isy- the:fiiel: may-be- spraye_d OfL;
both sides on imaginary line ‘@ connecting hier
orifices of the nozzles 8 and 8/ as shown in °
Figure 6. Altemanvely, the fuel may be pmng44 is:
sprayed at an angle o in one: direction only 48.:as ‘showni:inr Flgure_ _i<tT_. :
relative to the line*a as: ‘shown. inv. Figure 7. ages 46; 47" -and: 48 . deliverr :
The fuel pump 7:is fixed 6. the cylinder 1 by the:fuel Tines:11,° 12 and 310" : thie= oils:chanme:-
bolts 16. Figure 12 1s___a---dcm11ed view of the - 40: When: the fo fu - dé i ;
fuel pump.7. The punip. 7 includes & cylinder |
23 actuatable by the air (to° be referred to ~ opened
hereinafter as ° pneumatic ¢cylinder™) and .
ﬁxed to the cylinder 1 by bolts (not shown), ‘the’
a’ pistons 26 movablé: vertically cwithin; the: “Ir
hnder 23;:a’ stop22: tted: intor ther top. cyli
o£ sthe- pneumatic- cylinder: 2 ;iforx 1immng the - thi
pper end:ofithe stroke or ~the” raisi
p1ston 26, and a push rod 27 arrange Lo
ugh ‘the : stop .. 222 The:’ pump
PﬁmP '

inge 110

assage:: 2 ¢ 115
th ?irpnsh red 27, tbe
r- 31 The: -valve 35:
jel: is. forced: inte::
'thﬁle'l A1y ,dlB,and:sde-:--.
livered: through- the~ passages 46;:47 and’ 483 120
1 ~into’ theoil” ‘chamber 40 so: that“the needle:
ir: - valve 43" is. f0pened ‘against the” :spring: 44¢
i Thus; the fuel is-delivered into the:oil:cham-~-
vith: ber 41 ffom- which it is- m)ected through- the'-
ful onﬁce 39:1into” the. combusuon chamber 5. 125
by Sincethe ‘temperature rare of:the’ air in. the.
combistion:chiamber. 5 xs-‘-"elevated:;f-because ~of
- 14 the compressmn, the _ is i

afrang ed .above: the: stop 22,

fcrmed in -the -Jowerportion © of the:
cylinder. 23+ and* communicating - i

pert 14; The pnedmatic iston:

theu it under pressure

and: the passage:24; the the -push’ rod 27 is. also:: ignit v
moved: upwards: through- the- stop 22 -which® The’ combustxon product gas: pressure then 130



1,260,630

10.

15

20

35

50 :

5.

60 :

65

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:
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
15, thereby exhausting the gases into the
surounding atmosphere, whereupon the piston
26, the push rod 27, the guide 33 and the

plunger 31 are all returned to. their respective

initial - positions by the spring 34. Fresh air
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-
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
(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 actiating the pump .7 as described

hereinbefore. The fuel supplied from the fuel
tank 6 is therefore forced into the fuel line-
11 by the fuel pump 7 and is branched at-

the joint 9 so ds to be delivered to- the
nozzle-8 through the fuel line 12 and. to the
nozzle 8 -through the fuel line 13. The fuel
delivered to the nozzles 8 and 8’ is sprayed
at an angle « relative to the line ¢ and mixed
with .the dir in. the combustion chamber 5.
Sincé the temperature of the air in' the com-
bustion chamber is raised due to being com-

_ 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 accomplished.. This operation may be
continued ‘as- often as- described until the

_pile i3 driven into a desired setting depth.
From -the foregoing, 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 and then the fuel is injected into the com-

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-~

mediately . prior fo. the ram 2 smkmg the.
anvil 3, while the substantial portion of the.

fuel is. injected immediately - after’ the ram
2 strikes the anvil 3. In other words, no

combustion  occurs ‘a5 the ram 2. drops in:
the cylinder :1, so that the pressure in the

cylinder 1- is low. whereby. the downward
movement of the ram 2 will not be retarded
at all. :

As described heremabove, only a small por-

tion of the fuel is injected immediately prior

to the ram 2 striking the anvil 3. while the-

substantial - portion i5 injected: immediately
aftér the ram 2 strikes the anvil 3, so that
the: ram 2 is raised from the position in-
dicated by the chain lines-in Figure 8 fo

the position indicated by the solid lines dur-.
ing’ the -fuel -injection. In -consequence the-

volume -of ‘the combustion chamber 5 may

be varied during the fuel injection bat since
the combustion -chamber 5 - is circular in cross

sectionthen - the- air in the cylinder 1 flows
from the- peripheral portion of the chamber -5
into the center thereof at a very high velocity
when the-ram 2 is ‘raised. during the fuel

injection; as shown' in Figares 8 and 9. Thus .
the fuel sprayed by the nozzle 8 and 8’ js.

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

shown 'in -Figure 7 it is -redirected toward

the center as shown in Figure 11.

75:

80-

85.

Even when the volume of the combustion -

chamber 5 wvaries because of the u
movement of the ram .2, the fuel is mixed
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 (D,cm) of the: piston
26, -the Diameter (Dsom) of the plunger
31, the force constant (F; kg) of the spring
34 ithe ‘diameter (Dyem) of the needle valve

43, the diameter (D,cm) of the valve seat

45 ‘the force constant (Fokg) of the spring

44 and the pressure of the .air inside the-

cylinder - 1, - in accordance with the
formula:— - Do
P." 02 XF25+F1-.
: D3' ._Da-' .
' 2 .
-,l.—T[ D, Tom.

wherein -P kg/cm? is the static pressure of
the air inside the cylinder 1 when the fuel
is- injected through'the nozzles 8 and . 8’.-The
force of the spring 34 is - ‘not taken -into
consideration.

" 'The fuel injection penod is. determmed by.
the above described factors and. the diameter-
(D;cm) of the orifice of the nozzle 39. The

total mass of the movable parts such; as the

piston 26, :the plunger 31; thé push rod 27;
the “guide 33, the valye 35 the nozzle needle .
valve 43, ‘etc., the -compression: pressure -and -

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

the relation.(2) below a required quantity of

95.

100,

105
110
115

120

L]



1 260 630

10
15

20

45

50 .-

5

viliereby the downward. movement of
.is retarded and. . its 1mpact upon anvrl_- is -
-reduced. . -

(at which the fuel injection into" the. ¢

athe ‘cylinder and -the fuel ; pump,

fuel may be m]ected into the cyhnder 1 dut-
4ing .8 réquired fuel injection period.. .. ..

(Di/DZ) "8 10 16
'(__2)
‘Dz’Ds’ -300t0500

The moment at whtch fuel myecu begms

-may; ‘be arranged to’ coincide :almost exactly

with the moment. at, which the ram 2:strikes

the anvil 3; so that only a.small: portion of
-the ‘quantum. of ‘fuel s ‘injected. ‘immediately

prior to the ram 2. smkmg the ‘anvil 3*while

-a; substantial . portion is injected - unmedrately K
-after the .am. 2 strikes the anvil. 3. Then

fore we. ;overcome - one. of .the 1
vantages of .the prior .art. i.e. that:combusti
occurs - before- the ram . strikes .the . anvi

" For:this. -purpose, .the pressure P (kg;et_n?)
der

I is. started- and which: is. _obtaine
Equation,:(1)) is selected so as ‘fo-be ‘of . the

sorder of :1/3 to 1/2 of.the maximium air
-compression. * pressure, - the -
-selected. so.as to satisfy the relations.(2). -end.
‘Thefuel injection. method . according ‘to_the exten
‘invention is’ not-affeeted  by: the’ temperature .

-;of the: diesel hammer, etc. R

- diamete;

: The fuel:is-sprayed - contmuously_; .

stantaneously, so- that the - combustion. ‘may

 continue . gradually so - that , the “initial ‘ pres-

sure of: the ‘expanding gases: resulting. from

-the combustion. is. low and the stresses due to
-this- initial pressure. of the: cyhnder 1, etc,
-may be reduced. _
35 ) A «
")ecnon system has been descnbed and ';shown
:as -comprising one - fuel pump 7 and: two
-nozzles 8 and 8'. However, it. w111 be ‘under- .tion .69 pr
-stood that the present- invention-. ‘embraces a  in Fij

In.the embodiment . descnbed the

fuel injection system comprising -one fuel

~'pump -and .one nozzle, or plurahty of- fuel
'.pumps and ‘a plurahty of nozzles.: - - :
“There are various methods for mterruptmg ;man
“the: delivery of the fuel from the fuel: pump by
to the -irijection nozzle, : thereby’ interrupting
.the operation of the diesel hammer. For ex- -
.f'ample, the following methods 'may be used;
‘(a) dnterrupting the delivery:of the fuel -62.

between the fuel pump and the fuel tank;..

(b) providing a bypass valve at the outlet
-of the fuel .pump so as to bypass the fuel
_to-the inlet .of the fuel pump; "

(c) mechamcally stoppmg the fuel pump,
an

()" mterruptmg the air passage between
thereby de-

acuvatmg the fuel punip, .
- In. methods-(a) and (b),: the_ resxstanee on

“yalve, 51, A rope..68.

the dxseharge srde of the fuel pump is. made
:almost "Zero so. that the: movable parts such
as plunger, étc. “are’ excessrvely acceleraned
thus resulting, in -damage to’ the; apparatus
In. methods, (c) and.(d), the - mach

i g ‘assembly etc. are very difficult. , -

.which comprnses a, Stop.. valve 51, having ':-'a

65

‘port 55.in communication with the fuel pump

7-and.a port 56 i communication  with: the
‘nozzlé 8, an L-shaped lever 52 for closing
‘the ‘passage between  the ports’ 55 and 56 and
‘an’ arm 53 adapted to lock the lever 52 -dur-

70

ing .operation as.shown-in Figure 13. The fuel - .

.pump 7. communicates-with the port 55 of the
p. vilye 51 through the fuel line 11. The
Mozzle: 8 communicates with the: port 56 -of
the Ts}.lteop valve 51 through the fuel line. 54.

re. detail. with . reference to. Figure 14.

:,:T e stop valve 51 has a:passage 57 arranged

-coaxially. ‘with ;the, valve body 59. The: ports
SS_ and- § commumcate with ‘each. othér

59. s arranged,. within .4 valve . housmg 60,
‘there being no gap therebetween. A spool 61
for; interrupting the - communication ' betveen
~the ports. 55 and. 56 is slidably arranged with-

75

'mterrupnon device  will: be. descrxbed

80

8, The. valve body - -

85

in the _passage 57. A rod 62 having its. lowér -

.10 the upper end of the.. spool.. 61
nds, upwardly of ‘the .valve. housmg 60.
A :nut 63 fits around -the ‘rod 62 :and is
.screwed - into the upper end of _the  valve
-housing -60. A 'spring 6415 arranged ‘above
.the upper: face of the nut 63 and. around | ‘the
‘head of the rod 62. The, shorter. arm of thie
-L-shaped .lever 52 'is’ prvotably fixed ‘to ‘the
cylinder: 1 -about a _pivot 67 above the’ stop

- pulled down so.that ‘the
leve; 0 about ‘the’ pivot 67 towards
the ptston shown in broken: lines.” A: projec-

. 53, - havmg a°Tope . 68’ i}
to the free end thereof, is vaotally’
to the cylmder 1. above the. le_ver 52.in such a

erriupted by the spool;-In’ consequerice,  the

“fuel delivery “is-stopped. "When' the: lever. 52
-is thus rotated spring 70 ‘makes arm 53" be-

:come;-horizontal;: and' the leadmg end of, the

90

95

s. securely” fixed to .
-the :free . end of _the -longer -arm 66.of ‘the

100

of the. paper. (as shown

110

the_ spool 61 downwardly 50 “that the .
between - the .‘ports 55 .and’ 56 is

115

- arm: engages the projection 69, ‘théreby

:preventing-. the . return: of the- lever 52. In
-consequence, - the” diesel hammer remains “de-
-activated. The spring ‘64 has a. force stronger

120

“than ‘that. of the.. .spring 70..'A ‘stop- 72 serves |
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‘to-determine the rest position of the lever
-and hence spool 61- during operation of the

Wher: the-lever 52 is in the position-in-
dicated by. the solid lines, the port 55 ¢om-
municates' with the port 56-so that the diesel
haminer - operates. Therefore, when the ram
2 drops, the air in the cylinder. 1 is com~
pressed and this compressed air operates the
fuel- pump- 7 as previously described. The
fuel delivered from the tank 6 is delivered

‘to. the nozzle-8-through the ports 55 and 56
“by; the. fuel pump 7 so that the diesel hammer

"“To stop the diesel hammer; an operator
pulls the rope 68 causing the lever 52° to

‘rotate about 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
int turn’ acts on'spool 61. Since the spool 61

fits exactly into the oil chamber 58 so that
the-gap. therebetween is very small, the com-
mumication between the ports 55 and 56 is
interrupted and the fow of fuel from the
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 arim 53 rotates under the force of

the spting 70 until the-arm 53 engages the

‘projection’ 69 of the- lever 52 and “thereby
‘prevents the lever 52 from returning to the
“operative position indicated by the. solid lines

under the force of the spring 64. To return

‘the. lever 52 from the operative position to

the inoperative position;  the operator- pulls

the rope 68’ connected to the arm 53, there-
by rotating it- toward the- position indicated

by the solid lines, whercupon the lever 52,
the rod 62 and the spool 61 return-to- their
original positions under- the action- of the
spring 64 whose force constant is-greater' than
that of the spring 70: Simultaneously, ‘the

‘arm 53 returns’ 16 its initial position. The

port 55 again communicates with the port
56. so that fuel may: be- delivered ‘to the
nozzles 8 and 8’ whereby the diesel hammer

is driven.

Figure 15 shows a further opération- inter-
ruption. device. An-arm 53’ is:rotatably fixed
to one. side of the lever 52 and a-spring 70
is so loaded as to rotate’ clockwise the -arm
53’ pivotably fixed to one side of the lever
52. A stop 73 is fixed to the cylinder 1 so
as to prevent thé arm 53° from: fitoving past
the horizontal position.. When-the; rope- 68 is
pulled,. the Iéver 52 is rotated so that the
rod 62 is pushed downwardly and:the ‘arm
53’ is rotated by spring 70 from its rest
position (shown: in. full lines) untl:it engages

stop 73, in which position it is substantially

Horizontal and its end engages the cylihder 1
so that the return of the lever 52 is:-pre-
vented. When the rope 687 is pulleds thie ati
53’ is pivoted anticlockwise -and” disengaged

from the cylinder 1 so that the lever 52 can
bi returned to its initial position by spring
64. :

If the port 56 communicated with the fuel
pump 7, and port 55 with the nozzle 8 the
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.
Preferably therefore, as described the port 55
communicates with the fuel pump 7 while the
port 56 communicates with the nozzle 8.

- The position of lever 52 .provides a visible
indication of' whether the hammer is in
operative - condition or not.

75
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When-a returning or resetting mechanism - -

of the arm-53 or 53’ is not provided, the
fuel pump is always operated. Thetefore there
i$- a: daniger when the ram is dropped for the
purposes other:than that of starting the diesel

the: mechanism for returning the lever 52
to its operative position so that the .opera-
tion of the diesel-hammer may be well safe-
guarded and become simple. '

85

“hammer: But the present invention provides -

Our- diesel hammier is not driven. through -

mechanical cam means so that the. movements
of the- movable parts are very smooth and

-their wear may be prevented. When the fuel

is ‘sprayed at an angle relative to the center
line' connecting: the opposing nozzles and the
center of the combustion chamber, the: fuel

95
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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 mdy be started at the best time which

may be empirically determined. This condi-
tion will not vary, irrespective of the opera-
tion time, the temperature, etc. The air com-

100
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pressed in the combustion chamber may be

smoothly delivered to the fuel pump. The
air flows toward the center of the combustion
chamber after the ram strikes the anvil so
‘that the fuel sprayed at a predetermined angle
ward the center, so that the direction of the
fuel injection may be ‘optimized irrespective
of the variation in volume of the combustion
chamber. The fuel will be well mixed with

efficiency of the diesel hammer and the: pile

‘driving force or impact may be much im-

proved. :

110

“through- the nozzles may be concentrated. to-

115

“the air at the center of the cylinder so.that . -
‘the best- combustion occurs, whereby . the

120

The pressure of the expanding gases when -

the combisstion is started is low, the stress

acting upon the c‘_y-_linder is therefore. reduced.

WHAT WE CLAIM IS:—

125

1. A diesel hammer comprising a housing -

‘within which a ram. is arranged to. fall upon

an anvil, a2 combustion chamber being: de-
fined by the ram, the anvil, and the wall of
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“pulled, the lever 52 is rotated.

‘horizontal and its end engages the cylinder 1
r. 52

to determine the rest position.of the lever
and hence spool 61 during operatxon of the
hammer.

When the lever 52 is in the position in-
dicated by the solid lines, the port 55 com-
municates with the port 56 so that. the - diesel
hammer operates. Therefore, when the ram
2 drops, the air in the cyhnder 1.is com-
pressed and this compressed air operates the
fuel pump. 7 as previously :described. The
fuel delivered from the tank 6 is delivered
to the nozzle 8 through the ports-55 and 56
by the fuel pump 7 so that the dlesel hammer

“is driven.
15 -

To stop the diesel hammer, -an opetator
pulls the rope 68 causing the. lever 52 to
rotate about the pin 67 to the  position in-
dicated by the chain lines so.:that ‘the pro-

.jection 71 pushes down on the: 1_-o'd 62 ‘which

in-turn acts on spool 61. Since
fits exactly into the oil chamber: 58 so that
‘the: gap therebetween is very-small, the com-
munication between the ports=55- and 56 is
interrupted and the flow of -fiel from the
pump 7 to the nozzles 8 and-8" is cut off,
whereby the operation of the: dlesel hammer
18 stopped.

Bemg released by the rotation ‘of the lever
52 the arm 53 rotates urider ‘th
the spring 70 until the arm 5
projection 69 of the lever 52
"prevents the lever 52 from returm
operative position indicated by the solid lines
under the force of the spring’64. To return
the lever 52 from the operative. position to
-the . inoperative position, the ‘opétator pulls
the rope 68’ connected to the’ arm 53, there-
by rotating it toward the position indicated
by the solid lines, whereupon the"lever 52,
the rod 62 and the spool 61 return- to then'

'ongmal positions under the “action of the

spring 64 whose force constant is. greater than
that of the spring 70. Slmultaneously, the
arm 53 returns to its initial - position.. The
port 55 again communicates ‘with thé. port
56 so that fuel may be dehvered to the

,nozzles 8 and 8’ whereby the'd:esel hammer

is’ driven. :
Fxgure 15 shows a further oper
ruption device. An arm 53’ is:rotatably fixed
to one. side -of the lever 52 and--a-*'-spr_m' -70
is so loaded as to rotate clockwise “the arm
53’ pivotably fixed to one side of the lever
52. A stop 73 is fixed to the cylmder 1 so
as to prevent the arm 53’ from . ‘moving. past
the horizontal position, When- :the yope: 68 is
that - the
rod 62 is pushed downwardly. d ‘the.-arm
53’ is rotated by spring 70 - from:-its: ‘rest
position (shown in full lines) antil it engages
stop 73, in which position it is substantlally

so that the return of the levér
vented. When the rope 68’ is pulle
53’ is pivoted anticlockwise and: dxsen ged

from the cylinder 1 50 that the lever 52 can
be | remmed to its initial position by spring

I _the port 56 communicated with the fuel
punip 7, and port 55 with the nozzle 8 the
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 levet 52 would be increased.
Preferably thereforé, ds ‘described the port 55
communicates with the fuel pump 7 while the
port:56 communicates: with the nozzle 8.

The position of lever 52 provides a visible
indication of whether the hammer is in
operative condition or not.

When a returning or resettmg 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
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purposes other than that of starting the diesel

hammer. -But the present invention provides
the-"-;-- chanism for retummg the lever 52
to its operative position so that the opera-
tion -of the diesel hanmimer may be well safe-
guarded and become simple.

Our diesel hammer is not driven through
mechanical cam mears ‘so that the movements
of 'the movable parts are very smooth and
their wear may be- prevented. When the fuel
is sprayed at an angle relatwe to the center

95

line connectmg 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
may:-be empmcally determined. This condi-
tion will not vary, irrespective of the opera-
tiont nme, the temperature, etc. The air com-
pressed. in the combustion chamber may be
smoothly delivered to' the fuel pump. The
air 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 nozzles may "be concentrated to-
ward- the .center, S0 that the direction of the
fuel:injection may ‘be “optimized irrespective
of the variation in volume of the combustion
chamber. The fuel will ‘be well mixed with

100
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the ‘air at the center of ‘the cylinder so that :

the :bést combustion . occurs, whereby the
efficiency .of the diesel’ himmer and the pile
driving force or nnpact ‘may be much im-
proved.

The pressure of the expandmg gases when
the'combustion is started is low, the stress
actmg upon the cylinder:is therefore reduced.

W’HAT WE CLAIM IS:—

within Wthh a ram is ‘arranged to fall upon
an ‘anvil, a combustion chamber being de-

ﬁned by the ram, the anvil, and the wall of

120
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1. A diesel hammer comprising a housing

'
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the housing, and means for delivering fuel to
the combustion chamber, said .means being
arranged to be actuated by the pressure of the
air compressed within the combustion cham-
ber when the ram falls towards the anvil.

2. A diesel hammer as claisned in claim 1,
including a fuel tank mounted on the Housing.

3. A diesel hammer as claimed in claim 1
or 2, in which said means for delivering the
fuel to the combustion chamber comprises

- at least. one fuel pump.

4, A diesel hammer as claimied in claim 3,
in which the or each fuel pump includes a

piston arranged to be actuated by the pres- .

sure of the compressed -air, a push rod
arranged to be actuated by said piston, a
stopper arranged to restrict the movement of
said piston, said stopper also sefving as a
guide for said push rod, and further appara-
tus arranged to be actuated by the movement
of said push rod so as to deliver fuel to
the combustion chamber.

5. A diesel hammer as claimed in any of

claims 1 to 4, in which the striking face of

the ram is partly cut away so that a com-
bustion chamber is defined- even when the
ram is in striking contact with -the anvil.

6. A diesel hammer as claimed in any of
claims 1 to 5, in which the fuel is injected
into the combustion chamber through at least
one nozzle fitted into the wall of the hous-

ing. -

7. A diesel hammer as claimed in claim 6,
in which there are two nozzles arranged dia-
metrically opposite from each other, so that
fuel is injected into the combustion chamber
from opposite sides. '

8. A diesel hammer as claimed in claim
6 or 7, in which the nozzle is or nozzles
are so arranged that fuel will be sprayed

E

from the or each nozzle over a predetermined
angle, _

9. A diesel hammer as claimed in any of
claims 1 to 8, in which the fuel delivery
means is arranged to inject fuel into the
combustion chamber at the moment at which

the ram strikes the anvil,

-10. A diesel hammer as claimed in any of
claims 1 to'9, in which means are pro-
vidéd by which the flow of fuel to the com-
bustion chamber may be cut off, so as to
stop -the operation of the diesel hammer.
11. A diesel hammer as claimed in claim
10, in which said means comprises 2 stop
valve arranged to interrupt the flow of fuel

-along the fuel delivery means, said stop valve

being operated by a lever.
12. A diesel hammer as claimed in claim

11, in which means are provided which urge -

the . lever from its operative to its non-
operative position,

13. A diesel hammer as claimed in claim
12, in which said means is a compression

g.

14. A diesel hammer as claimed in any of
claims 11 to 13, in which there is provided
a second lever by means of which the first
lever may be locked in its operative posi-
tion.

15. A diesel hammer substantially as herein
described with reference to, and as shown in,
Figures 4 to 15 of the accompanying draw-
ings.
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