- 1 - MATER- COCLED DI ESEL ENG NE FOR AN OUTBOARD MOTCR The present

invention relates to a water-cool ed diesel engine fox an OUtbOiEQ;EﬁEzggzt)
Hit herto, 2-stroke petrol engines operable with a fuel m xture il s
nost popular for use in nmarine outboard notors, which are nounted on the;;ﬁ'
stern of small-sized vessels, because this type of engine best neets th?;kﬁ
requirenment for a light weight and a small 10 size which are the essentival”
requi sites for marine outboard notors. Thusy diesel engines have been used
very seldomin marine outboard notors. The current rise in the price of
petrol eum however, has given rise to a demand for the use of diese

engines in marine out boar tors. .| )L B@ ngt-q that a distinction is
here drawn 15 - ¢ D R e B R AN O R D M is intended the
whol e unmit .including engine, transm ssion, propellor, mounting clanp,
controls; etc, and an outboard "engi ne" by which is intended nerely the

peopul sion unit %? gé}eggkp%ﬂrgn%%fﬁt%s td 1€ whiE& Rbofedlbee& Epgin:%e £bP 2

mari ne out board no owever, 1 nvolves overcomng various pro

Narmel y, a di esel agngivdSafd@dmRbpduce only a conparatively small power per
unit wei ght because of the need to use cast iron as the material of the

cyl i nder bIocg and cylinder head. In addition, the overall nunber of engine

=]

parts is 25 | ar ge because the cylinder block and the cylinder head are
Hitherto, 2-stroke petrol engines operable with a fuel mixture have
been most popular for use in marine outboard motors, which are
(N mounted on the stern of small-sized vessels, because this type of

engine best meets the reguirement for a light weight and a small

10 size which are the essential requisites for marine outboard motors.
Thus, diesel engines have been used very seldom in marine outboard
motors. The current rise in the price of petroleum, however, has
given rise to a demand for the use of diesel engines in marine
outboard motors. It will be noted that a distinction is here’ drawn

15 between an outboard "motor", by which term is intended the whole
unit including engine, transmission, propellor, mounting clamp,
controls, etc, and an outboard "engine"™ by which is intended merely

the propulsion unit of an outboard motor.

20 The use of a diesel engine in a marine outboard motor, however,
involves overcoming various p:oblems;- Namely, a diesel engine can
produce only a comparatively small power per unit weight because of
the need to use cast iron as the material of the cylinder block and
cylinder head. In addition, the overall number of engine parts is

25 large because the cylinder block and the cylinder head are
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-- 2 - constructed separately from each other and jOinedmto'éach'other by

means ‘of bolts with a gasket interposed therebetween. |In addition,-.the
se of the gasket tends to become inperfect. An engine used in an outboard
no has to be swng manual ly for steering and has to be tilted up as,

desited. In addition, such an-engine has to be carried when not on the
vessel, and nount ed easily. Furt hernore, -an outboard notor is required to

"have a centroid on the neutral axisthereof. Nanely, if the centroid is 10

offset to the left or right, the manoeuvrability of the engine wll be
impaired. In order to obviate these problems, it i's necessary to neet the

equi rement S sueh.A3aThaldTaterh USbANachl oblle. KA BIDds T Qe kb il Ui N

the engine i °Ser e engine aner .

parallel toghesig %Qeg ﬂltae&tdagﬂeefmrm ,Eag%at mépenagaeé%q hi Q@&n-rxoﬂ N

conpactness of the engine, reduction int unber parts, sinpli

constructi openNded EG¢CeRe Gatket 4end&d BedlnRS empeiitabee is used for a marl ne
outboard notor, the compactness of the engine is affected by the position

of the exhaust gas outlet. According to the present invention, there'is
provi ded an overhead 25 camtype water cooled reciprocating piston diesel
engi ne fgr @b engine used in an outboard motor has to be swung manually for
steering.and has to be tilted ﬁp as desired. _In-addition, such an .
engine has to be éarriéd when not on the vessel.:and_moﬁnted_
easily. . Furthermqrei'an outboard motor ig reQui:ed to have a: . ;_;
centzoid:on“the neutrai axis thereof. Namely, if ;he'cent:oid is
10 offset to the 1eft_or_right; the manoeuvrébility of the engine will
' be impaired.

In'ordei to_obviate.these_problems, it is necessary to meet the
. requirements such as minimized weight of the'outboard.motor unit,
15  ihéluding~the engine_itself, symmetry of the engine with respegt to
the plane parallel to the intende&-directioﬂ_of movement, minimized

height, compactness of the engine; reduction in the number of

parts, simplified constructiqn_and reduced cost.

20 When a diesel engine is usea_for a ﬁarine outboard ﬁptqr, the
compactness of the engine is affécted by the position of the

exhaust gas outlet.

According to the present 1nvent10n, there 1s prov1ded an overhead

25 cam type water cooled reclprocatlng piston dlesel engine for an



- 3 - outboard notor, having a plurality of cylinders each having
associ ated inlet and exhaust valves and respective fuel injector units
operated by a camshaft on a cylinder head, in which the said injector (A}
units are located on one side of a plane passing through 5 .the axis o%.—
t he associated cylinder parallel to the crankshaft axis and the inlet and
exhaust valves and the cam shaft for the injector units are | ocated on the
other side of this plane, and in which an-oBl-filter and a governor of the
engi ne are di sposed on opposite sides of the said plane from one anot her.
10 One enbodi nent of the invention will now be nore particularly described,
by way of exanpl eputhopidrmdtorentaving a ipdunzkidypeh \dyd indersveac)s hairingivhi ch:
15 Figure 1 is a partly-sectioned side elevational view of an

out boap not or hadssrsiakedriglat andoexhausy vHEeprandenesparkive ifmel Miggrer 2
s a ve.r,tlcal sectional view_ of a diesel engine in accordance with the
esbodi ment of t heWRihFeRPeEAted by arrym sbhaftion &4 culdpder diead; cip whieh the ot

the line Il1l-111 of, 20 Fi gure In the acco nyi.ng drawi n t he same
ref erence nuner al PiggheT gP'B‘*red‘eﬁPl‘?'S? £ §§n€ P&F“Fl&"gséﬁ‘?rrﬁ’ﬁg

thr()ugfu)ut. 5?5 the axis of the associated cylinder parallel to the crankshaft axis
and the inlet and exhaust.valves and the cam shaft for the injector
units are located on the other side of this plane, and in which an
oil.filter and a governor of the enginé are disposed on opposite
sides of the said plane from one another.

10

One embodiment of the invgntion will now be more particularly
described, by way of example, with reference to the accompanying

drawings, in which:

15 Pigure 1 is a partly-gectioned side elevational view of an
outboard motor having an engine embodying the present invention;
Figure 2 is a vertical sectional view of a diesel engine in
~ accordance with the embodiment 6: the'inventidn; and
Figure 3 is a sectiongl view taken along the line III-III of

20 Figure 2

In the accompanying drawings the same reference numerals have bheen

used to identify the same or like components throughout.

25



-4 - 1n the presént speci-fication references to the orientation of the

engjRe will be understood to relate to the engine in its intended upright
po .Qn of use, on an outboard notor for a small vessel. References to
| ef®e”'right, front etc will be construed accordingly. 5 Referring to Figure

N

1, an outboard notor M has a diesel engine 2 acconmodated by a cowling 1.
The power of the diesel engine 2 is transnmtted to a propeller 4 provided
at the lower end of the body 3 of tRe butboard notor Mto rotate the
propeller 4 through a 10 vertical transm ssion shaft (shown by

t wo- dot - and- a- dash |ine) disposed in the body ‘3 of the outboard notor. As

: the propel | g, da’.ragé&t gg %ﬁi%g@i-éa%% nxessgftfo'egpl amgtséi%ﬁ guthoard

notor is nolnte S prop to.runin _ _ on of an artow A  The
vessel Is spgefid.as hﬁ%ﬁa@&%&é PLEadd 5 é}@ﬂf@g%ilr% gheiésegntéiﬁ@gli

right by neans of a tiller 5 which projects forwar, romt he out boamek

motor M - ExGakiintopssitiefi bf Ydel I iNahNutdioR 6 mRBEi f2% & &daliSydddequoh an .
exhaust passage 7 In the body 3 of the outboard notor and is 20 di scharged

into the amhbfétensas efo 1BEOYGgAY, PEBALSELcOREN BE dohsthbhed) dcsorminpiyoned
bel ow the water level L during running of the vessel. Referring nowto
Figure 25 a diesel enginé 2 in accordance with the 25 ‘invention has a-
crankshaft 11 provided at its upper end witha .. . . 3 '

"~ Referring to Figure 1, an.outboard motor M has a diesel engine 2
‘accommodated by a cowling 1. The power of the diesel engine 2 is
transmitted to a propeller 4 provided at the'idwefiénd of the body <
3 of the outboard motor M to':otate tﬁe'propellér 4 through a

10 vertical transmission shaft (shown by two-dot-and-a-dash line)'
disposed in the BodYﬁ3 of the outboard moter"As the propeller 4 |
is rotated, a small-sized vessei on which the outboard motor is
mounted is propelled to run in the direction of an arrow'A, The
vessel is steered as the outboard motor M is swung to the left and

15 right by ﬁeans'gf“a'ﬁiller 5 which projects forwafdly from the

outboard motor M.

Exhaust gas ﬁfemitted from_thé'diQSel enginéfZHfldwé.fhtough an
exhaﬁst'passage'7_in the body 3 of the outboard motor and is.

20 discharged into the ambient water ﬁhrough an exhaust'opeﬁing 7
which is positioned ﬁelow the water level i during running of the

‘vessel.

.Referring now to Figure 2, a diesel engine 2 in accordance with the

25 invention has a crankshéft 11 provided at.its upper end with a |



- 5 - fly-wheel 12. This engine, designed specifically for use as a marine
out board engine, is provided in a bore at the | ower end of the crankshaft
with an internal spline 13 by nmeans of which the crankshaft is connecte?fja
an out put shaft (not shown). In the 5 il lustrated enbodi nent, the (&
engine 2 has two cylinders 14 and 15 which are arranged one above the

ot her. Hereinafter two |ongitudinal nedian planes of these cylinders wll
be used for the purposes of explanation, -nginely a horizontal plane 0-0
(Figure 2) extending horizontally in the fore and aft direction of the

engi ne, 10 t here being an individual such plane for each cylinder and a
vertical plane [&lgjwheleli 120 eTBis engind, idesiynedospdcdfbedllycsor nederss a
Neinreral s 16 and 17 denote pistons and connecting rods, respect- ively. 15
A cylipder bl ock maginmdutbenridi engpinelicisl prtovided finranbdré\atctbe iloyenserd ofi t
from alum ni um or an al um ni um base |ight-weight alloy. A cooling water

j acket 20 is forthel ¢nankphaftonbthag intarpadrspdine k131by maans\of whaeh (tdad 19,
which latter are integral with each_other. The cooling water is introduced
by a cooling wat &F £t nkit comRRGTRdote an eutnyty ﬁ'@f&ogﬂ"?tnghm)er Imtbet 20.

Exhaust ports 21 and intake poris 22 are forned in the cylinder hea
The cyli Ircl)deF-’ headlieptrated &PB&%’CF%“SO% £RIA %n’ﬂﬁ'ﬂ ht:\d ‘Béégﬁ%rszf"fﬂ’% 1

[ h 25, 26 of th h | 2 d i | 24,
25 wel | a8 cyli niPien AT ETaBuoh e RISy ch diPeRy HOTEaFBr (7 fue 25
0] €Cti 0N deVi Ce30AR a5 oiiad B1ERcE el cFRUMAUSS VIR O \ded Gor the

— purposes of explanation, namely a horizontal plane 0-0 (Figure 2)
extending horizontally in the fore and aft direction of the engine,
10 there being an individual such plane for each cylinder and a

vertical plane 01-0 {Pigure 3), which is common to both cylinders.

1
Numerals 16 and 17 denote pistons and connecting rods, respect-

ively.

15 A cylinder block 18 and a cylinder head 19 afe formed by casting as
a unit from aluminium or an aluminiumfbase light-weight alloy. 2
cooling water jacket 20 is formed in the combined cylinder block 18
and cylinder head 19, which latﬁer are intégral with each other.
The cooling water is introduced by a cooling water pump (not shown)

20 into the cooling water.jaCket 20. Exhaﬁst ports 21 and intake
ports 22 are formed in the cylindef head 19. The cylinder head 19
is provided aiso with cylindrical bosses 27 for supporting the
stems 25, 26 of the exhaust valves 23 and intake valves 24, as well
as cylindrical bosses 29 defining mounting hﬁles for the fuel

25 injection devices 28. As shown in Pigure 3, an exhaust manifold 30



-6 - 1is integrally formed with the cylinder head 19. Each of the
'igafrs 14 and 15 has one exhaust val ve 23 and one intake val ve 24.

1gyFJour valves in total, that is two exhaust valves 23 and two intake
vakweg 24 are arranged in the vertical plane with their 5 stenms lying,
hori.zontal |y, and are adapted to be driven by a common cam shaft 31 through
valve arns 32 in a manner which will be explained later. A casing 34
defining a val ve arm chanber 33 accombdating the cam shaft 31 and the _
valve arns 32 is fixed to one end surface of the cylinder head 19 by neans
of bolts (not 10 shown). The diesel engine 2 has a crank case 36 which can
be split into two parts:. nanmely, ‘a first gart 37 adjacent to.-the cylinder

bl ock 18 andi% igtedidipafermed ioshe yldndere bedd i tWderBanholk 8.  The first =

15 art 37 is fornmed.as a unjt. wwth the cylinder. bl gck 18 while the segond -
part 36 i o OSRORETF By BB (15 B (5oL FEFARPF ALY 10 58 ongdnite BuLY ek

Crankanal A | T, GORH AITaE BorRets EAE: AB: Prbsedfodh, fabieh Ph P degi an

crankshaft dhd i S pé€rpendi cul ar e horrzo

pl anes 0-0 apd kgtdle Ghad 12 24 Oare WL 4 J&ﬁeggéc[ﬁﬁg e [ WiECERALNE Case

. is made of. a materi al |- to or simlar the cy r

bl ock 18.5 A depai imgdssmomm;,,-ma 28 meaeé@ibauabﬁena%taocmn
construction of every portion of the diesel "engine.” Liners 40
car shaft 31 through valve7arms_32 in a maﬁner which will;be

explained later. A casing 34'defiﬁing g-valﬁe arm chambér'33
accdmmodatihg-the cam;Shaft'31 and the valve arms 32 is fixed to o/
one end surface of the cylinder héad'19 by means of bolts (not

10 shown).

The aiesel engihe'Z has a erank'caSé'BG which can beisélit into two
‘parts: namely, a first part 37'adjacent to the cylindet:block 18
and a second parf 38 opposite to:the cylinder hiock 18. Thé first

15  part 37 is formed a#la”qnit with the cylinder block 18 while the
second péft 38 is fastened SY bolts 39 to the first part 37. The
plane at which tﬁo parts 37 and 38 are joined c§ﬂtains the neutral
axis C-C of the crankshaft aﬁd is'pefpepaiculér both to the

11
20 cylinders. The part 38 of the crank case is made of a material

horizontal and vertical median planes 0-0 and 0,-0, of the
identical to or'similai to that of the cylinder block 18.
A detailed description will be made hereinunder as to the

construcéioh of every portion of the diesel engine. Liners 40

25 presenting the sliding surfaces for the pistons G-are mﬁde from



25 presenting the sliding surfaces for the pistons 6 are nade from - 7

- cast iron and are cast in the cylinder block 18. An alloy layer is forned
al ong the boundary between the liner 40 and the cylinder block 18 and the
liner 40 is joined to the cylinder block 18 through this alloy |ayer. As(ﬁ%
will be seen fromFigure 2, the 5 cylinder head 19 is provided therein\'>
w tth exhaust val ves 23, intake valves 24, exhaust ports 21 and intake ports
22, so that the overall height H as nmeasured fromthe expl osion surface 43
to the end surface 35 is inevitably large. Furthernore, a multiplicity of
ribs 55 are nmounted in the cylinder head 19 so as to formwalls of 10 the
cooling water jacket i2on andhaxetcasdr in e aylinder ddochoti.s B, aldoywalyeraks
cylindrical bosses 27 nentioned before. Thus, the cylinder head 19 itself
exhi bi ts—a suffi feoped sleag khe beundasy hetwper the| bings 4% and| theheydindem and
because-it is stiffened internally bxpa multiplicity of cylindrical bosses

27 and ribs 55. P3oRer& prddhRolines AP gif doinaghfe Hhescxlisder iiesk 18 ew
aken, along, e el kold by lihe, G S, B MeRLHER) gl 30,08 11
PLrendth o oo RULLANG!nl a1 oblEudold MY OB LRI g,
the axis of the QXH;éEd‘ir’, é&aﬁ:@é"p&r&scﬁ&%bﬂkﬁﬁe %Q@y%, so that the
overall height H as measured from the explosion surface 43 to the
- end surface 35 is inevitably large.  Furthermore, a multiplicity of
ribs 55 are mounted in the cylinder head 19 so as to form walls of
10 the cooling water jacket 20, exhaust ports 21 and intake ports 22,
as well as cylindrical bosses 27 mentioned before. Thus, the
- cylinder head 19 itself exhibits a sufficient strength because it
has a large overall height H and because it is stiffened internally
by a multiplicity of cylindrical bosses 27 and ribs 55. .
15
Referring now to FPigure 3 which is a sectional view taken along the
line IXIX-III of Pigure 2, the cylindrical boss 29 for the fuel
injection nozzle 28 also contributes to the enhancement of the
strength of the cylinder head i9. The cylindrical boss 29 extends
20 from a position near the centre of the ceiling wall 53 at a small
angle to the axis of the cylinder, so that it contributes greatly
to the stiffening of the cylinder head 19, The fuel injection
device takes the form of an injector unit 57 in which a fuel
injection nozzle 28 and a fuel pump 56 are constructed

25
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to the stiffening of the cylinder head 19. The fuel injection device takes
the formof an injector unit 57 in which a fuel injection nozzle 28 .and a

f ug ump 56 are constructed 25 -8- as a unit with each other.. This

i or unit 57, when fitted in the cylindrical boss 29 as will be .
explrai ned bel ow, serves further, to increase the rigidity or strength of

the cylinder head .19. 5 = The construction of the injector unit 57 wll

be explained briefly. The injectergunit 57 is conposed of a fuel injeéction
punp 56 having a body 91 and a fuel ‘injection nozzle 28 having a sl eeve 98
connected to the end of the body 91 of the fuel -injection punp 56. As a

pl unger 93 naw s undtiwithceachmgkher t this dnpertor! udit 58, ke £itte@ int he

body 91, fuel is supplied fromthe fuel injection punp 56 to the fuel *
i nj ecti on nokhe ey28nditicelighrss BP casswill e explaiped edow D servesrdairthext he> _
body 91. 'The injector unit 57 is provided with an annul ar step 95 besfween
the end portterinsreass themiaidity, ert strength \of $he cylindemdeadntf.ar step 95
pressed onto the inner 15 peri pheral step on the cylindrical boss 29, the"
portion of the body 91 projecting above the cylindrical boss 29 is fastened

(0,4 1e £ L THE CBSSEh JP RS BlititPigl i Sl SGe Tt Stiy
deflection O'I'het %Jggégﬁ Gﬂit\.(@‘} ié 3ch§,°9§‘aC rogaé'%el' injectidn pump 56 having
a body 91 and a fuel injection noézle'zs having afsleeve 98 |
;connecged to the énd of the body §1 of the fuei injecgion;pump 56. \;)__.
As a pluhger 93 moves reciprocatingly within a bafxéi 92 moﬁnted iﬁ
10 the body 91, fuel is Suppliealfram the.fuel injection pump 56Ito
the fuel injection nozzlé 28.through a pressurizéd.fuel passage 94
formed in the body 91. The injector unit 57 is pn_'wided with an
_annular step 95 between the end Portion of the body 91 and the
sleeve 98. With_the-annuiar step 95 pressed onto the immer
15 peripheral step on the'cylindrical ﬁbés 29, the pﬁrtion of the body
91 projecting above the cylindrical-boss“zé is fastened to the
cylinder head 11 b} ﬁeans-of'a metal retainer 96. This also
contributes to the strength of the cylinder head 19 so that the
amount of deflection of the ceiling wall 53 is decreased

20+ effectively.

The portion of the injecfor unit 57 constituting the fue1 injection

pump 56 has a larger diaﬁeter-fhan the nozzle portion 28, and also

25



20 effectively. The portion of the injector unit 57 constituting the

fuel injection punp 56 has a | arger dianeter than the nozzle portion 28,
and al so 25 - 9 - fits in the cylindrical boss 29. Therefore, the ,;€§§9
cylindrical boss, 29 serves as a large reinforcenent having a | arge -
di anmeter and, hence, contributes to the strength of the cylinder head 19. 5
The fuel injection nozzle 28 has a nozzle gon} whi ch i s opened when a high
pressure is applied by the fuel delivered by the fuel injection punp 56. As
stated before, in the injector unit 57, the fuel injection punp 56 and the

fuel injection nozzle 28 are connected to each other solely through a short

pressurized fuel £10: ;P3R839A 104riANMBSEd 2ol arRPNo ], v cyhila liBe) fdsh
pressure established in the fuel injection punp is correctly transmtted to

the fuet .injecti op SoA%sCadB latde ireinidiReRént RavDRP sl Dhyd Qidmdteet add)e
fuel fremthe fuel injection nozzle 28 at exact correspondence to the
peessure in the hefice] Riofttikutep U thé strehgthi ofnyhes @gDivlRryhdda 191 nj ection
over the entire region of the variance of the fuel injection rate.
Furthernore, since the pressure drop along the short pressurized fuel
passage 94 is small, it is possible to obtain a high fuel injection
pressure in tshe ffhelfueldj dniectiongwezée 2B Wa$ ¢th nopzle) parp iiioh cks tpened when
atom zation of the injected fuel. .
a high pressure is applied by the fuel delivered by the fuel
injection pump 56. As stated before, in the injector unit 57, the
Mt fuel injection pump 56 and the fuel injection nozzle 28 are
connected to each other solely through a short pressurized fuel
10 passage 94 formed in the body 91, so that the fuel pressure
established in the fuel injection pump is correctly transmitted to
the fuel injection nozzle 28. It is, fherefore, possible to inject
the fuel from the fuel injection nozzle 28 at exact correspondence
to the pressure in the fuel injection pump 56 without any secondary
15 injection over the entire iegion of the variance of the fuel
injection rate. Furthermore, since the pressure dr0p'along the
short pressurized fuel passage 94 is small, it is possible to
obtain a high fuel injection pressure in the fuel injection nozzle
28 which in turn promotes the atomization of the injected fuel.
20 Furthermore, the.injection from the fuel injection nozzle 28 takes
place without a substantial time lag with respect to the pumping
- operation in the fuel injedtion pump 56. It is therefore possible
to maintain an optimum cbndition for combustion and to make full

use of the engine perfoimance, partly because secondary injection

25 and injection time lag are avoided and partly because atomigation
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partly because secondary. injection 25 and injection tine |ag
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he avoi dance of delay in,fuel injection also contributes to-

per f ormance of the engine during hi gh-speed operation. |t
hat these advantages are brought about with a sinple-

nal engines for 5 adjusting the timng of the fuel
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hanber 45 close to the centre of the ex I05|on surface 43‘~and
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-

dr opsFetiernbatiio ﬁ%&?) hag i BdYpntages aget he

rec |nJect|on type as stated

g 19. S ce t e engi,ne
FLEnh HIFLS SoPRPRIEELTS Qe e, Attt Aol ght  H
h d | V.. th t be _hel d
SElF 3 aﬁ%s AL A Bl SO S
J‘t)’f!&;t*tﬂg tﬂ?uﬁmée%(ftgﬁe%hi ﬁﬁ ?éﬂ’ be decreased to pernit a

ngi ne as a Thus although t he

t 57.

The end of the fuel 1njection nozzle 28 is exposed to the
combustion chamber 45 close to the centre_of the explosion surface

43, and no'yp:tex flow chamber (pre-combﬁstion_chamber),is provided

in the_cylinder'head i9. ‘Since the engine is of a direct injéction

type as stated before, it is possible to éupport the injector unit

57 by the full heigh£ H of the_cylinderﬂhead 19. Consequently, the

_ injector unit 57 can be held stably and the distance between the

15

20

explosion surface 43 and the other end (ptotector 71) of the

injector unit 57 can be decreased to permit a reduction in the size

6f the engine as a whole. Thus, although the injector unit 57
inherently has a large length, it is nevertheless possible to keep
the size of_the_engine_émail by designing the engine as a direct

injection type engine. For comparison, if a vortex flow chamber

injector unit 57 and the explosion surface 43 would have to be

increased by én amount corresponding to the size of the vortex flow

chamber, so that the size of the cylinder head 19 and the size of

25

the case 34”dou1d have to be increased.

were to be formed in the cylinder head 19, the distance between the



I nherently has a large length, it is neverthel ess possible to keep the size
of the engine small by designing the engine as a direct injection type
engine. For comparison, if a vortex flow chanber 20" "~ were to be forned

t he cyli.nder head 19, the distance between the injector unit 57 and the £;Q3
expl osion surface 43 would have to be increased by an amount correspondi

to the size of the vortex flow chanber, so that the size of the cyllnder
head 19 and the size of the case 34 would Hdve-to be increased. 25 -

- Direct injection offers also the foll ow ng advantage. Nanely, in an

engi ne having a vortex fIOM/chanber, a heavy thernmal load is inposed on the

surface of t.he_comun atl assa be ween, t he .vortex fl.ow chamber
:5123&{ he conbust i §A-ERarfEre J %‘?%‘ 8““3% agyan tfalgﬁhe W%'I‘“Sﬁﬁ"t H&

fornmer.-to the Iatag,‘ﬁ%n B ngméa?t Iltr;xaffgwr gggmbeg B’E ggmgqlogﬁ flaving

no vortex flow cha Nermal ot Fess| ny es place 1n
cylinder head 19 jgeeid hend WhhBESs ?L@&%fl& liQhEior BE ead
19 and the cylinder +ock 18 are ne\)lerr damage t;&ﬁuealt eb"en ough cee'nhey

are made from al YikNorReRl fR& ahatfldl HAA aéhh%;&saytm hRlter’ 851 dihdnge to

heat. Alum niumor its alloys exhibit a high heat conductivity at the cost

of small resi st apgdpigaticator ther elieCfrdn@hd GRrmbsF RS ERE NRAQter. By
contrast, in a direct injection type engine having no vortex flow
chamber, no local thermal stressing takes place in the cylinder

N head 19 nor in the cylinder block 18. Therefore, the cylinder head
19 and the cylinder block 18 are never damaged by heat even though

10 they are made from aluminium or an aluminium alloy having small

resistance to heat.

Aluminium or its alloys exhibit a high heat conductivity at the
cost of small resistance to heat. Therefore, the heat transferred

15 to the cylinder head 19 and the cylinder block 18 from the
combustion chamber 45 can be delivered promptly to the cooling
water in the cooling water jacket 20, so that the cylinder block 18
and the cylinder head 19 are protected against overheating. Thus,
the engine is protected agains£ thgrmal damage even in this

20 respect.

) The piston 16 is provided in the top surface thereof with a recess
which defines a part of the combustion chamber 45. When the piston
16 is positioned at the top dead centre in its stroke, the portions

25 of the top surface of the piston other than the central recess



15_ to the cylinder head 19 and t he cyl i nder block;18'ffonrihe combusti on

chamher 45 can be delivered pronptly to the cooling water
:ﬁﬁjacket 20, so that the cylinder block 18 and the cylinder head 19 are
WeCt ed agai nst overheating. Thus, the engine is protected against

. thermal danmage even in this 20 respect. _
‘top surface thereof with a recess which_defines a part of the conbustion

in the cooling

The piston 16 is provided in the

chanber 45. \Wen the piston 16 is pdéiﬂ?oﬁéd at the top dead centre in its

stroke, the portions 25

of the top surface of the piston other than the

central recess - 12 - closely approach the expl osion surface 43 or the

ral sely. apr 3w ; !
rounded cor Qﬁgs@{flﬁggrag& h0! 851901 S IshPf et 43 V04 QY rﬁﬁﬁgﬁqu cally

subst anti al

earance. 5" The expl osl on surface e conli

gap o

concave alt hougha ithel 8xplciioh NeddFacl oL Li BRshte TDARNGEMy subfeddiisy VRY. . 1t

I's possible to enhance the strength of the cylinder "bl ock 18 and the ‘e
cylinder heag éfedra@maese of the greater strength of the arch structure

_ the cylinder block 18 and the cylinder head 19 in the
illustrated 10- cross-section, that is the arch structure constituted by
the side walls of the.cylinder block 18 and.the ceiling portion provided by
gy chep camixialdy capicave altbotdle igeihani sm

formed by

t he cyl i rilerrheeexplb@ioff hmrifete o4l
for actuating

10

15

20

25

flat-in:the deséfibed embodiment. In this'way,_it.is possiblé to’
enhance the strength of the cylinder block 18 and the c&linder.head
19 because df.the greater strength of the arch structure £ormed by
the cylind¢f3blockz18 and the cylinder-head 19 in the illustratéd
cross-section, thaf is.the,arch-sﬁfucture_constituted by_the side
walls of the cylinder block 18 and the ceiling portion provided by

the cylinder head 19.

The following explanation relates to the mechanism for actuating
the fuel injection pump 56, as well as the exhaust valﬁe_23 and the
intake valve 24 (rigute 3 shows only the valve 24), Besides the
cam shaft 31 and the valve arms 32 ﬁhich were mentioned before, the
valve arm chamber 33 acgommodates a valve arm 59 for'the fuel
injection pump S6. In addition, valve stems 25 and 26 of the

exhaust valve 23 and the intake valve 24 respectively, as well as

" the fuel injection pump 56, project from the cylinder head 19.into

the casing 34. The valve stems 25 and 26 are located, for example,
on the left side of the vertical longitudinal median plane 01-01,
that is the plane containing the axis of the chinde:, the terms

"left" and "right" will be understood in relation to the normal

-



15 the fuel inj ect | on'purrp 56, as wel | as the exhaust valve 23 and the
I nt ake valve 24 (Figure 3 shows only .the valve 24). Besides the cam shaft .

31 and.the valve arms 32 which were nentioned before, the valve arm chantjef
33 accomodates a valve arm59 for the fuel injection punp 56. In _q

2

addition, valve stens 25 and 26 of the 20 exhaust valve 23 and the intake-
valive 24 respectively, as well as the fuel injection punp 56, project from
the cylinder head 19 into the casing 34, The valve stens 25 and 26 are

| ocated, for exanple, on the left sid& B the vertical | ongi t udi nal nedi an

pl ane [err] that

Is the plane containing the axis of the cylinder, the

terns 25 "left" arientatiaphof thel endimeuasicildustrhtied irclthé i drawtingd ,hdnnariehl
-*13 - orientation of the engine as illustrated in the draw ngs, in which,

t he n§igere 2,sthrvengineaisughdwghin @ni epitight oorienbakiconf vbewedhe
left, se that forward notion is fromright to left as indicated by the
akrow A of Fi gur efxom ghe dieftndicc fhet forsard metiqnpps Sfrom right e jleftols o
vessel having the engine fitted thereto. The ends of the valve stens 25 and

in Figure 2,

26 are |located c

otRddrated dyythe sy @ PRFiguRe Lnihich dadicatss thesdfzgqgrdon

et Firedthe¥efReti ve ends

stens 25 and 26 are provided at their ends with grot ectegrs 60 which are

contacted by’ 10 ©LFPHLR 9f acYesRel d2VARY dhen,

of the valve arnms 32 by nmeans of lock nuts 61. Each valve arm 32 is
its internediate portion with a tappet 63 adapted to be

provi ded at

10

15

20

25

0,-0

The ends of the valve stems 25 and 26 are located comparatively
close to the head end surface 35. The valve stems 25 and 26 are
provided at their ends with protectors 60 which are contacted by
adjusting screws 62 held in position on respective ends of the
valve arms 32 by means of lock nuts 61. Each valve arm 32 is
provided at its intermediate portion with a tappet 63 adapted to be
actuated by a cam 64 on the cam shaft 31. Four valve arms 32 are
supported at their other ends by a common valve arm shaft 65 which
is vertical and supported by the case 34. The valve arm shaft 65
is offset leftwardly from the longitudinal vertical median plane
170 and the outer peripheral surface thereof is somewhat spaced
from the end surface 35 of the cylinder head 19. The axis 65a of
this shaft is nearer the end shrface 35 of the cylinder head 19
than the protectors 60 on the ends of the valve stems by a distance

of about 2 to 3 mm (about 1/3 of the valve 1lift) when the valves

are closed.

The cam shaft 31 is positioned to the rear of the valve arm 32,

that is on the side remote from the end surface 35, and to the left



actuated by a cam 64 on the cam shaft 31. Four valve arns 32 a:re supported

at their other ends by a common val ve armshaft 65 which 15 is vertical

anﬂi; pported by the case 34." The valve.armshaft 65 is offset leftwardly
‘Igf he I ongitudinal vertical median plane [err] and the outer peripheral

- surYace thereof is sonmewhat spaced fromthe end surface 35 of the cylinder
head 19. The axis 65a of this shaft is nearer the end surface 35 of the
cylinder head 19 20 t han t he prdTedﬂor% 60 on the ends of the valve .
stens by a distance of about 2 to 3 nm (about 1/3 of the valve lift) when
the val ves are.cl osed. The cam shaft 31 is positioned to the rear of the

{ valve arm 33,:2%¢ gnt Mkl Ru0B1tnendl dRad Rt fodf LAD ﬁ&g.bggré,&% gg>, and

to the |eft tﬁe nut e val ve *

arm 59 extepds. c%rﬁ%,C@A 'aseoags,@engw.h,aa@a&dtﬁé Qf'enei'a]:[ Beafent gl ra,'nane [:err]

and is dlspose he right of the cam shaft 31. Thé shaftl 66 is al

supported bygtigpsaky e %@H@%f GRS! S 3ftart BWQ \ileV B £¥1T86 oS 51so(0n| y »
one of themis shown) are carried at their internediate portions by the

common shaf gufforded By &headdlver Qih dddrBér @ASIAN B4V Tucdvi BRPAEH ¥ cam
follower 67 in contact with the rear side of an associated cam 68 on the
cam shaf$ 3loniyAdineséf nhemcicshovit) are darreddtax theiwotiheersmadstof the val ve
arms 59 and held in place by 10 neans of |ock nuts 69. The ends of the
adj usti ng spoewns0by dilieacommon shaft 66 and are each provided at one end

with a respective cam follower 67 .in contact with the rear side of
an associated cém 68 oﬁ thé'cam'éhaft'31-._Adjusﬁihé screws 70 are s
fixed to the other ends of tﬁe valve arms:59 and held in place by

10 means of lock nuts 69. The ends of the adjuéting'screws 70 contact
the protectors 71 on the ends of ihé'plungers.93; The'édjusting |
"screws 70 are-loééted to the right of the iéngitudinal vertical
median plane.01-01_of the cylinders. Each injector unit is

inclined to this plane 01—01 and approaches'it toﬁards'the end of

15 the fuel injection nozzle 28.

An opening 72 is formed in the feér wall 6f.the valve arm chamber
casing 34 so as to extend from the right end t0wardé_the léft end
portion of the rear wall. A cover 73 for closing=£hegopéning 72 is
20 secured'by bolts 74 to'the ca;ing 34._ A lever~-type decompression
mechanism 75 is secured to the'left'of'the case 34. The
decompression mechanism 75 is for manually'operating'ﬁalves into.
opening positions wheh_thé enging is to be“started. The valve arm
32 is provided with an a:m 76.which'is_adap£ed to be actuated by

25 the decompression mechanism 75.



the protectors 71 on the ends of the plungers 93. The adjusting screws 70
are located to the right of the longitudinal vertical median plane [err] of
the-cylinders. Each injector unit is inclined to this plane [err] and ',@\
approaches it towards the end of 15 the fuel injection nozzle 28. An [y
opening 72 is formed in the rear wall of the valve arm chanber casing 34

as to extend fromthe right end towards the Ieft end portion of the rear
wall. A cover 73 for closing the opening’?é i s 20 secured by bolts 74 to
the casing 34. A lever-type deconpressi on nechanism 75 is secured to the
left of the case 34. The deconpression nechanisn175 Is for manual ly
opeFatlng val ves i nto openi ng positions:-when ne is to be started.

en :
The val ve arm 32 3% B¢ SA%HRY SHERRTET &?ﬁ?’?ﬁ’eﬁmk{ﬂ’fe gthgd’é?ﬁaetd%‘o“béhac‘faﬂlht ed

by 25 ..the deconpression_nechanis ;€ngj ne
struct e descri [)%5 gbéoﬁ au?ehs o) arEt4 gn tuf’ﬁe eétgranusé ar ?V caﬁsesng%

te actuate eXha“?a \4@&" dtﬁ@%@'ﬁﬁoﬁ’ PV %18%4&;@ %H%{}.hgta&te' Q!

val ve arns 32 an at 't sa e cam actuates tHe plunger 93 of

the fuel injecti %m@ur@xéﬁaﬁ heO gt Al agd tp@.ﬂn&ﬁr b6V ghy efu@mé,%qu {&ump

operation of the exhaust val ves 23, the intake valves 24 and the fuel
i nj ection punp? 566 aRr&Ryhathd Scedod beV ey ivadve hﬁmp%l t rRopebatid a8fiwst i ng

SCrews
exhaust valves 23, the intake valves 24 and the fuel injection pump
56 can be adjusted by varying the positions of the adjusting screws
) 62 and 70. Since the adjusting screw 70 and the lock nut 69 face
the opening 72 in the valve arm casing 34, access to them can be
10 easily gained for adjustment through the opening 72 by removing the
cover 73. The adjusting screws 62.and lock nuts 61 are also
accessible for adjustment through the opening 72 via a gap between
the cam shaft 31 and the shaft 66 because these shafts are on
opposite sides of the adjusting screws 62 and lock nuts 61.
15
As shown in Figure 2, the cam shaft 31 is supported at both ends
and at an intermediate portion 5y the casing 34. PFor each of the
cylinders 14 and 15, the cams 64 for actuating the valves and the
cam 68 for actuating the fuel injection pump are spaced vertically
20 along the camshaft 31, with the cam 68 being positioned at the same
level as the horizontal longitudinal median plane 0-0. To the
lower end of the camshaft 31 is conneﬁted a pump shaft 79 of a
lubricating oil pump 78 ﬁhich is fastened to the lower side of the
casing 34 by means of bolts (not shown). The inlet of the

25 lubricating oil pump 78 communicates with an oil pan (not shown)



-62 and 70. Since the adjusting screw 70 and the lock nut 69 face the
opening 72 in the valve armcasing 34, access to themcan be 10 easily

gai for adjustment through the opening 72 by renoving the cover 73. The
adj. ng screws 62 and lock nuts 61 are al so accessible for adj ust nent,

t hr oigh the opening 72 via a gap between the camshaft 31 and the shaft 66
because these shafts are on opposite sides of the adjusting screws 62 and
| ock nuts 61. 15 As shown in Figure2,6thre cam shaft 31 is supported at
both ends and at an internediate portion by the casing 34. For each of the
. cylinders 14 and 15, the cans 64 for actuating the valves and the cam 68

i for actuatitigchbr {rieklipissagé airipuap. tureugpanedeasahyi T4/ ke 28,1in@doNg t he
canshaft 31, with the cam 68 being positioned at the sane |evel as the
hori zont al Heardgil® uthdn&he ydindepbanek 080. Te bhk danwbs fordedfbyt hecasens haf t
31 is connected a punp shaft 79 of a lubricating oil punp 78 which is "

- fast ened t otikeh ¢m¢e§ﬁs$ﬂma°9tpmﬂwéheﬁsl(mgt:§hcvp) nextendirdg downwar@imt shown) .
The inlet of the 25 | ubricating oil 78 comuni cates with an oil pan
(not shown)froz the govef (fndgh e 6F¥’”‘(P§§§ g¥ -drThe egtiet @figkha he casing 34,
the cylinder head 19 and the c |inder block 18. The oi] pan is forned by a
case whish PEAEREINELE L RUFRL 7§ Haf COPIRGEL HSWRYe Rk PRRtAIRy Of GIRWERHNE f r om

the lover e q'o?:fghtahne ogi alg]aiéggg'cfet(n]éji sl-xron%)o tll‘itedoghrgngh the cas:mg 34,

the cylinder head 19 and the cylinder block 18.



| ubricating oil punp 78 is connected to every portion of the engine 5 -
t hrough an oil passage (not shown) drilled through the casing 34, the ﬁ‘)
cylinder head 19 and the cylinder block 18. - 17 - The upper end porthon_=
of the camshaft 31 projects above the casing 34. A pulley 81 fixed to the
projecting part of the upper end of the camshaft 31 is drivingly connected
totanother pulley 82 fixed to the upper portion of the crankshaft 11 by
means of a timng belt 5 83. A geneyator 84 is connected to the
fly-wheel 12 above the pulley 82. A rTng Jgear 85 on the outer periphery of
the fly-wheel 12 is adapted to be driven by a starter 86 secured to a
portion 30 of theTheappecasrd Portikn of |thiei tanershdfict318prqjectecibong thal i=astaigy
upwardly is attached to the upper portion of the bottomwall (front 10

wal ') ef.the cranRécadepsbleyA8fdiixedoto 88e| projechirisenaxt of hther pppexi@nd bpfock
18 whibe-a fuel injection rate increasing device 89 which operates during
starting up of ththemamghats 32cis dBivinglycconpertrfe toanethen pulhey A3y Eirpst
88 is adapted to be driven through the timng belt 83. The governor 88 and
the fuel injectiofkorteeurBer pom%neaéiwg & Baft 1 by @SARS Afefl Hpingbelt

Techani sm o0 As 8Pt 1 hESRERKoF i cipecud trcthe sy ieehald sbdre Shecd
rearwardly of the ¢iankggasq 30,202 b B8 GleIBhedd pblEnel) ' d%he £1y-wheel
12 is adapted to be driven by a_#tarter 86 secured to a portion 30
of the crank case 36. An oil filler duct 87 projecting obliquely
upwardly is attached to the upper portion of-the bottom wall (front
10 wall) of the crank case 36. A governor 88 is attached to the
cylinder block 18 while a fuel_injection rate increasing device 89
which operates during starting up of the engine is secured to the
cylinder head 19. The governor 88 is adapted to be driven through
the timing belt 83. The governor 88 and the fuel injection rate
15 increasing device 89 are connected to the plunger 93 of the fuel

injection pump 56 shown in Figure 3 through a lever mechanism 90.

As will be seen from Figure 3, the governor 88 is disposed
rearwardly of the crank case 36 and on the right of the cylinder

20 block 18. A lubricating oil filter 100 is disposed on the left
side of the cylinde; block 18. As explained before, the fuel
injection pump 56 is mounted in.the cylinder head 19 as a unit with
the fuel injection nozzle 28. Thus,_in the illustrated embodiment
of the invention the fuel injection pump 56 is carried on the

25



e,

T

20 - block 18. A lubricating oil filter 100 is disposed on the left side
the cylinder block 18. As expl ai ned before, the fuel injection punp 56
nted in the cylinder head 19 as a unit with the fuel injection nozzle
us, in the illustrated enbodi ment of the invention the fuel injection
56 is carried on the 25 - 18 - cylinder head 19, while the.
governor 88 and the lubricating oil fjJlter 100 are carried on the cylinder
bl ock 18. Therefore, the engine as a whole exhibits a substantially oval
or egg-like formwhen viewed fromthe upper side as shown in Figure 3,
whi ch shape 5 is quite suitable for use as a marine outboard. engine. -
Needl ess. to say, .t he enginne as a _whol e is cqyered ra.cowing 1 (Figure 1)
of the out bSQ?ﬁhﬁt E?a‘i]/lg'.gAnw}gjislre i eﬁ?ge’fﬁ%e%ﬂn §‘g%o]rﬂ?§éf%%n t%%Yne end to
t he i ntake L : [ ' . cyki ngg whi | ext he -
ot her end i gg%b%%qr?eoa%get %gr%%fdmﬁbgmeengygﬁ#%eﬁéggnﬁ&bagggﬁ%&&gT%eai [
i ntake pi pe ¢ }0dy xLER0MmAL08 e 4 $BbstiaPly Lig1 ©F kBgeixll AGl 18 and
the crank case 36 and the inlet end portion thereof turnS“round to the
front side QhethfiewkdfrondtRe IPpkP di@BCHs BnBRS inl PIGINRAB, I chOshape
| ongi tudi nal vertical nedian plane [err]. By adopting such a long air
i ntake [ peisiduite POBSERIEEfd0 ue8ha Gemititiel BhEdcArh Nélidlind. efNeegieds0 i NMprove
t he performance of the engine.: B _ : _ :

to sa2y, the engine as a whole is covered by a cowling 1 (Figure 1)

of the outboard motor M.

An air intake pipe'101:is connected étﬂoﬁe end to thé:intake pbrt :
10 22 on the right side of the Cyiinder head 19 while the other end
is open near the forward énd éf the ciank EaSe 36. Thé.air intake
pipe 101.extends albng:the righf side of'tﬁe cylinder block 18 and
the crank case 36 and the inlet éhd portidn thereof turns round to
the front side of the crank case 36'to reach a position near the

15  longitudinal vertical median plane 01—0 . By adopting'such a long

1
air intake pipe,-it is poésible to enhance the intake inertia

effect to improve'the performance of the engine.

As has been described, since the'intake-pipé 101 extends along the
20 right side of the crank case 36'apd since the §£arter'86 is’
positioned on the left side slightly fofwérdly of the crank case
36, it is poésible-#o'ébiéin a.éertéin rough balance and
apprbximate symmetry of.the-engine As a whole with respéct to the
longifudinél axis thereof. Furthermore, a certain béianée and

25 gymmetry within the valve arm casing 34 is attained as can be seen



As has been described, since the intake pipe 101 extends al ong the 20
right'side of the crank case 36 and since the starter 86 is positioned on -
the | éft side slightly forwardly of the crank case 36, it is possible to Ry
obtain a certain rough bal ance and approxi mate synmmretry of the engine as a 530
whol e wWith respect to the longitudinal axis thereof. Furthermore, a certain

bal ance and 25 symetry within the valve armcasing 34 is attained as can

be seen - 19 - fromFigure 3 by positioning the injector unit 57
inclined to the right while the cam shal? =31 and the valve arns 32 are
di sposed to the left. 5 The arrangenment of -the parts of the engine of

the described eniody FRahr&® bhepddit eohitg ’é\'né RnjESRRChni© shhendaNbd Ao %ﬁnk S
of the engine. The iInvéention does not exclude an arrangenent in which t

portion:37 of theigheiRmiteSthe3bam Shaft MdasERAL NfAllve afm3kherel@isposed to
cylindsr bl ock 18, and the invention can be enbodi ed as an engi ne havi ng

nmore than three ¢jéiyeders. It is also possible to provide a vortex flow
chanber (pre-conbustion chanber) within the cylinder block 18. 15 Thi s
Specification is divided fromBritish Patent application No. 83.31011
(Serial No. 2142087) which contains a disclosure of the invention defined
in this SpeBific&heomsrrafigement of the parts of the engine of the described
embodiment may be inverted with respect to the neutral axis of the
engine. The invention does not exclude an arrangement in which the
N portion 37 of the crank case 36 is formed separately from the
| 10 cylinder block 18, and the invention can be embodied as an engine
having morxre than three cylinders. It is also '

possible to provide a vortex flow chamber (pre-combustion chamber)

within the cylinder block 18.
15 This Specification is divided from British Patent application No.

83.31011 (Serial No. 2142087) which contains a disclosure of the

invention defined in this Specification.

20



- - 20 - CLAAMB 1. An overhead camtype water cool ed _.ri'ec_i"propat_i hg pi ston

diesel engine for an outboard notor, having a pturattyof—cytinders. each 5

g associated inlet and exhaust valves and r, ' f jector
: s operated by a camshaft on a cylinder heaj@@ﬁ]ﬂ‘@"jmj MEI d . '
I nNfector units are | ocated on one side of a pla " the axis

of the associated cylinder parallel to the crankshaft axis and the inlet

and exhaust valves and the cam shaft 10 - 2 or the injector units are '

| ocated on the other side of this plane, and in which an oil filter and a
governor of the engine are disposed on opposite sides .of the said plane
fromone another. 2. A water-cool ed ditag®é engine as clained in Caiml,

in which 15 an intake pipe is disposed on the said one side of the said s.
pl ane, the said.intake pipe having one end connected to an inlet port .~
formed in the cylinder head and the other end open adjacent a part of We .
crankcase rerfet e Anopyerhead \cam,gpe waser cpgled reciprovaying piston ddesekesel +
engine as clained in aim2, in which an oil filter opening is forned in

the crankcas&Pfine, £8530 PBEPRATHRPYAr ¢ havidg; 3 Riprakity: of| @dRndexs)eackt art er

i s positioned adjacent the_cygnkcase on the opposite side qof the oil filter
openi n frorrg'f‘ﬁ % APEOTARER BHET 04 ﬁégﬁ“‘}ﬁ?‘aﬁﬁf‘%spé‘.‘d respective fuel |

~injector units operated by a cam shaft on a cylinder head, in which
the said injector units are lpcgted on one sidé of a plané passing
‘through the axis of the associated cylinder paralle;fgo“the N
crankshaft-axis_and_the inlet ahd exhaus?,valVés and the_cém shaff

10 for the injector units are located on the other side:df this plane,
and in which an oil filter and a governor of the engine are

disposed on opposite sides of the said plane from one ahother.

2. A water-cooled diesel engine as claimed in Claim 1, in which
15 an intake pipe is disposed on the said one side of the said plane,

the said intake pipe having one end ¢onnected.to an in}gg port

formed in the cylinder head and the otﬁer end open adjacent a part

of the crankcase remote from the cylinder head.

20 3. A water-coolgd diesel engine'as claimed in Claim 2, in which
an oil filter opening is formed in the crankcase in a position
opposite the said cylinder_block, and a starter is positibned
adjacent the crankcase on the opposite side of the oil filter
opening from the said other end of the intake pipe. o

25



25 - * C L MS *- 21 -4 A wat er - cool ed di esel engi ne
substantially as hereinbefore described with reference to and as shown in
t k& acconpanyi ng draw ngs.

C ) IIIII Il |||l

- 21 -
{
v 4. A water-cooled diesel engine substantially as hereinbefore
’i;; described with reference to and as shown in the accompanying

drawings.




