WATER- COOLED DI ESEL ENG NE FOR USE | N AN OUTBOARD MOTCR The pr e‘sent.;\helo@‘)
I nvention relates to a water-cool ed di esel engine for use in an outboard

ot or . lerr], 2-strokepetrol. engines operable with a fuel nixture have
"been popul ar for use in marine outboard notors, which are nounted on
t he st of small-sized vessels, because this type of engine best neets

the requirenment for a light weight and a small size which are the essenti al
requi sites for marine outboard notors. 110-Thus, di esel engi nes have been
used very seldomin marine outboard notors. The current rise in the price
of petroleum however, has given rise to a demand for the use of diesel £
engi nes in marine_outho Lo . I ( hat a distinction is
here drawn 15 ' Ol% @5({; Digrbt s | i tended the
whol e unit |nclud|ng engi ne, transm ssion, propellor nnuntlng cl anp,
controls etc, and an outboard "engine" by which is intended nerely the
propul si on uni imef ;Adkeadt 1AL WD ralatel 8o US Grabér-&odL &5 WieS8icNGind fBr

mari ne outboard notor, however, 20 involves overcomning various problens.
Nanely, a di esab-englameocmapaoﬁhm only a conparatively small power per
.uni t wei ght because of the need to use cast iron as the material of the
cylinder blqgck and cylinder head. In addition, the overall number of engine

parts i's Iane because the cylinder block and the cylinder head are 25
Hizrerto, 2-strokepetrol engines operable with a fuel mixture have

beex= most popular for use in marine outboard motors, which are

mo-=ted on the stern of small-sized vessels, because this type of (fa

enc.ne best meets the requirement for a light weight and a small
10 size wh;ch are the essential requisites for marine outboard motors.
Thue, diesel engines have been .used very seldom in marine outboard
motors. The current rise in the price of petro;eum, however, has
given rise to a demand for the use of diesel engines in marine
outdboard motors. It will be noted that a distinction is here drawn
1s between an outboard "motor", by which term is intended the whole

uni+ including engine, transmission, propellor, mounting clamp,

controls etc, and an outboard "engine"” by which is intended merely

Vi

the propulsion unit of an outboard motor.

20 The use of a diesel engine in a marine outboard motor, however,
invclves overcoming various problems. WNamely, a diesel engine can
procuce 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 larze because the cylinder block and the cylinder head are



-2- constructed separately fromeach other and joined to each other by
reans of bolts with a gasket interposed therebetween. In addition, the seal
of the gasket ‘tends to becone inperfect. An engine used in an out boa
notor has to be swung nanually for 5 steering and has to be tilted up
desired. In addition, such an engine has to be carried when not in the
boat, and nounted easily. Furthernore, an outboard notor engine is required
to have a centroid on the neutral axis thereof. Nanely, if the centroid is
offset to the left or right, the manoeuvrédbility of the engine will 10 be

I npaisred. In order to obviate these problens, it is necessary to neet the

requirements SUCP <28 JW0LAN 260 M0 Ny A oL o0 LAY %o&’@éé’rtouéﬁctm oiHlG! pyli ng

t he engi ne itsel symmetry of the engine wth respect to 15 a pl ane

parallel to the pbiendedoshicsesidon @fskevvaimRpbosddl BhdHeBethed@l Ulth, addition,
conpactness of the engine, reduction in the nunber of the parts, sinplified

construction andthe€k&a@dof ahe. gadked tendsectebebth@ BfpdrEedsed for a marine
out board notor, the 20 conpactness of the engine is affected by the
position of the exhaust gas outlet. According to the present invention
there is provided a water-cool ed diesel engine for use as a mari ne outboard
engi ne, conprisi Ag #ngihe used in an outboard motor has to be swung manually for
5
ste=ring and has to be tilted up as desired. 1In addition, such an
engine has to be carried when not in the boat, and mounted easily.
&,' Furthermore, an outboard motor engine is required to have a
cer-roid on the neutral axis thereof. Namely, if the centroid is
offs=t to the left or right, the manceuvrability of the engine will

10
be Impaired.

In order to obviate these problems, it is necessary to meet the

reqg-.irements such as minimized weight of the outboard motor unit,

inclading the engine itself, symmetry of the engine with respect to
" a p-ane parallel to the intended direction of movement, minimized

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

partcs, simplified construction and reduced cost.

_ Whe= a diesel engine is used for a marine outboard motor, the
20 .
cox-actness of the engine is affected by the position of the

exhaust gas outlet.

Acccrding to the present invention there is provided a water-cooled

dieszl engine for use as a marine outboard engine, comprising a
25



.-3- cylinder block and a cylinder head formed as an integral unit from
alum niumor a light-weight alloy of the alum niumgroup, the said cylinder *
head“aewi ng i ntake port's and exhaust ports forned therern, the said exhaust
port s\W¥rmmuni cating with an exhaust manifold fornmed integrally in the said
cylinder head. Enbodi nents of the invention can provide a higher out put
power per unit weight of the engine and thus attain a higher propul sion
power of the engine for a given weight.316 An engine fornmed as an

enbodi ment of the invention may be nmade conmpact and with a reduced nunber °
of parts to facilitate the assenbling. 15 Two enbodi nents of the inventi

wi I now be nyiepay thouk alnya A8AGRhDe heal ot A6 X AMRESaI ML LT ence

to the acconpanyli ng draw ngs, gure 1 1s a partly-sectioned side

el evational vigw:QfufRr28 1QYLPOAEnEDL by N6 ikRE ARmENGNNe-&IFO B8:d he
present invention, Figure 27is a vertical sectional view of a diesel engine
i N accor dancecyliihBer hehd SHavR AP Oftitarat porfestdid exhanBt | prtsFHaHme® ther&imN

enl arged view of a portion of the diesel engine shown in Figure 2; 25
Figure 4 is athgr apid sxbarstg pbhts rephmtnigasing wbheh woeex!taget manifold

formad integrally in the said cylinder head.

5
Embodiments of the invention can provide a higher output power per
unit weight of the engine and thus attain a higher propulsion power A d
of the engine for a given weight.

10

An engine formed as an embodiment of the invention may be made
compact and with a reduced number of parts to facilitate the

assembling.

15 Iwo embodiments of the invention will now be more particularly
described, by way of example, with reference to the accompanying

drawings, in which:

Figure 1 is a partly-sectioned side elevational view of an
20 outboard motor having an engine embodying the present invention;
Figure 2 is a vertical sectional view of a diesel engine in
accordance with a first embodiment of the invention;
Figure 3 is an enlarged view of a portion of the diesel
engine shown in Figure 2;

25 Figure 4 is a graph showing the relationship between the .



-4- radius of the:corner of the conbustion chanber and stress occurring
therein; Figure 5 is a schematic further enlarged view of a portion sho

in Figure 3; b - Figure 6 is a sectional view taken along the ILHE@D
VI-VI of Figure 2; Figure 7 is a schematic, partly sectioned side '

el evational view of an outboard notor including a diesel engine forned as a
second enbodi nent of the invention; and 10 Figure 8 is a sectiona
view taken along the line MII11-VIIl Qf fFigure 7. In the acconpanying

drawi ngs the sane reference nuneral s have been used to identify the sanme or
| i kg-conmponents throughout. 15 In the specification references to the

orientation of the engine will be understood to relate o, the engine inits
i nt ended upr i GRE>FoSEt Ffh SBFSTsBE otﬁ‘eaﬁmi’t‘ffbloﬁ’r ﬁh?f%erra ‘%)rs"'res‘S T vessel .

0 a smalTves
Ref er ences tot eft, right, front etc will be construed accordingly. 20
Refering to Fi'glif&™, an outboard notor M has a diesel engine 2

accommoat ed by a GAULAG 1y TuenomNTe Alrchlie dheside onl B 2 checion

transmtted to a pro prov at the I ower” end of the body 3 of the

out board notorgyMt o 4 pigh& she propeller 4 through a vertical transm ssion
shaft (shown by two-dot-and-a-dash |line) 25

5 Figure 6 is a sectional view taken along the line VI-VI of
Ficure 2%
Figure 7 is a schematic, partly sectioned side elevational
o view of an outboard motor including a diesel engine formed as a
second embodiment of the invention; and
10 Figure B is a sectional view taken along the line VIII-VIII

of Pigure 7.

In the accmpanyiﬂg drawings the same reference numerals have been
used to identify the same or like components throughout.
15
In the specification references to the orientation of the engine
will.be understood to relate to the engine in its intended upright
position of use on an outboard motor for a small vessel.
References to left, right, front etc will be construed accordingly.
20
Refering 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
trarsmitted to a propeller 4 provided at the lower end of the body
3 of the outboard motor M to rotate the propeller 4 through a

25 vertical transmission shaft (shown by two-dot-and-a-dash line)



.- 5 - disposed in the body 3 of the outboard notor. As'the -propelier 4 is
rotated, a small-sized vessel on which the outboard. notor is nounted is
propfdled to run in the direction of an arrow A. The vessel is steered as

t he. board motor Mis swng to the left and 5 right by nmeans of a tiller
5 which projects forwardly fromthe outboard notor M Exhaust gas E em tted
fromthe diesel engine 2 fl ows through an exhaust passage 7 in the body 3
of the outboard notor and is dischargedsinto the anbient water through an
exhaust opening 7A which is positioned below the water |evel L during ~
running of the vessel. Referring nowto Figure 2, a diesel engine 2 in ™
accordance wi tb e -1° lLN¥ et i,0 1 V] ifts
upper end wi ttﬁgg‘g’#ﬁ\?\ﬁeﬁe %‘gﬂ %h?%@%g?‘ﬁ%ggﬁdg?g{’f‘ted éf)g%h?f Fgﬁlﬂ';ﬁ/{&‘? 61r use
as a marine oytboAlAegNG R8a11-5iPEOWedEEh iR #hikAr enddbutdiarkOsiorepd of the
crankshaft with an internal spline 13 by neans of which the crankshaft is
connected to aBuRtddis rpbiidaneb ShOwA)thel 8iddtRidd of ad ladsby af.€0me

enbodi ment, the engine 2 has two cylinders 14 and 15 which are arranged one
above the ot heessdieriei siafered dsnahabmitboatdongidrudi falswphartestisd lebesmd
cylinders will be used for the purpose of explanation, nanely a horizontal
pl ane 0-0 (Fi gdg®: Dy msarendf riy thdkerz onvisdchypigierhe fogwardydisdmt therection
of the engine, there 25 bei ng an individual such plane for each

cyl i nder, and &uye?andcEptor M.

Exhaust gas. E emitted from the diesel engine 2 flows through an ;u)
exhaust passage 7 in the body 3 of the outboard motor and is
'10 discharged into the ambient water through an exhaust opening 7A
which is positionéd below the water level L during running of £he

vessel.

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

15 invention has a crankshaft 11 provided at its upper end with a
fly-wheel 12. This engine, designed specifically for use as a
marine outboard engine, is provided in a bore at the lower end of ;;)
the crankshaft with an internal spline 13 by means of which the
crankshaft is connected to an cutput shaft (not shown). In the

20 illustrated embodiment, the engine 2 has two cylinders 14 and 15

which are arranged one above the other. Hereinafter two median

longitudinal planes of thesé chinders will be used for the purpose

of explanation, namely a horizontal plane 0-0 (Pigure 2) extending

horizontally in the fore and aft direction of the engine, there

25 being an individual such plane for each cylinder, and a vertical



-6- plane [err] ‘(Figure 6), which is conmmon to both cylinders. Nunerals 16
and 17 denote pistons and connecting rods, respect- ively. 5 A cylinde
bl ock 18 and a cylinder head 19 are formed by casting as a unit from "5f<§§y
al um ni um or an al um ni um base |ight-weight alloy. A cooling water jacket
20 is fornmed in the conbi ned cylinder block 18 and cylinder head 19, which
| atter are integral wth each other. The cooling water is introduced by a
cool ing water punp (not shown) 10 i nt o- the cooling water jacket 20.
Exhaust ports 21 and intake ports 22 are fornmed in the cylinder head 19.
The,_cylinder head 19 is provided also with cylindrical bosses 27 for
supporting the stergladg, 028, ofFighee éhihawisichy &% \eosmor8 tankpthneyMadezrd.ves 24,
as well as cylindrical bosses 29 defining nmounting holes for the fuel 15

i nj ection devices 2meraks JAARY i'h dEnghe Pistont a8 HARSECHRE| FUise DRFPPIL-
integrally forned in the cylinder head 19. Each of the cylinders 14 and 15
has one exhaust val¥&¥s and one intake valve 24. Thus, four valves in
total, that is two exhaust valves 23 and two intake valves 24 are arranged
in the vertical plane with their 20 stens lying horizontally, and are

adapted to be @riven %jbx?deﬁogic?%ﬁlat?é‘@nﬁgé‘f?ﬁﬁdéﬁhQ&tQh_sVé‘JeV@oPnEéEBbﬁ?c l}sﬁ%x@; as

manner which will be aln er. casing 34 defining a valve a

chamber 33 accommodatinig dR £Lamishal br 3n AEnidienVilede]l AhEwelght Salfibyed at 0
one. end surface of the cylinder head 19 by neans of bolts (not 25

shown) . cooling water jacket 20 is formed in the combined cylinder block 18
. and cylinder head 19, which latter are integral with each other.
~ The cooling water is introduced by a cooliné water pump (not shown)
10 inté the cooling water jacket 20. Exhaust ports 21 and intake
ports 22 are formed in the cylinder head 19. The cylinder head 19
is provided also 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 holes for the-fuei
15 injection devices 28. As shown in Pigure 6, an exhaust manifold 30
is integrally formed in the cylinder head 19. Each of the
cylinders 14 and 15 has one exhaust valve 23 and one intake valve
K_; 24. Thus, four valves in total, that is two exhaust valves 23 and
two intake valves 24 are arranged in the vertical plane with their
20 stems lying horizontally, and are adapted to be driven by a common
cam shaft 31 through valve arms 32 in a manner which will be
explained later. A casing 34 defining a valve arm chamber 33
accommodating the cam shaft 31 and the valve arms 32 is fixed to
one end surface of the cylinder head 19 by means of bolts (not

25 shown).



- 7 - The diesel engine 2 has a crank case 36 which carn be split rnto two

. hanely, a first part 37 adjacent to the cylinder block 18 and a
| part 38 opposite to the cylinder block 18. The first part 37.is
¥¥dsas a unit with the cylinder block 18 while the 5 second part 38
is fastened by bolts 39 to the first part 37. The plane at which the two
parts 37 and 38 are joined contains the neutral axis G C of the crankshaft
and is perpendicular both to the horizgntal and vertical nedian planes 0-0
and [err] of the cylinders. The part 38 of the crank case is made of a ---
material 10 identical to or similar to that of the cylinder block 18. W&
det ai |l ed descr i phe @iesel lenpinenadeasher erankncese 3§ whichheancbaplittinga o
every portion of the diesel engine. Referring to Figure 3, which is an
enl arged vi ew obaxtspornamghyofa fhestepgithd?1&jaceghdunthe ol indes Blocir I8
liners 40 presenting the sliding surfaces for the pistons 6 are made from
cast iron and afed @§ecqnd PIRE égmaeaé*teortecﬂlelsylmem blogk| Brer Thes fhogtred

al ong the boundary hetween the liner 40 .apd the cylinder block 18 and the
liner 40 is joiﬁ%%‘% ’t%é°€§ﬁ"| Al Bt TRt FE efrﬁ@cﬁnwh’r%ﬁ/é?@e The

d f_the || ds Juhe qyli nd
en Zodistza%cg f%‘r%fa?arecH sp%Qét%%Eé Y}@itssste & She' £ sk e tg% ead

smal | rom ring on t'he pIS 0

centre, and is gﬂ%gggtd%a%ﬁhgp@ﬁgagso%t% ?err e%u&fnﬁ]éﬁ 4 f the

cylinder head 19. di stance meen e ex osi on
surface 43 t0 tH&1884 axis c-C of the crankshaft and is perpendlcular both to the

horizontal and vertical median planes 0-0 and 01-01 of the Q;;
cylinders. The part 38 of the crank case is made of a material

10 identical to or similar to that of the cylinder block 18.

A detailed description will be made hereinunder as to the
construction of every portion of the diesel engine. Referring to
Figure 3, which is an enlarged view of a portion of the engine

15 shown in Pigure 2, dry liners 40 presenting thé sliding surfaces
for the pistons 6 are made from cast iron and are cast in the
cylinder block 18. An alloy layer is formed along the boundary e
between the liner 40 and the cylinder block 18 and the liner 40 is et
joined to the cylinder bloék 18 through this alloy layer. The end

20 41 of the liner 40 projects towards the cylinder head 19 by a small
distance éa from the top fing 42 on the piston 16 at the top dead

centre, and is comparatively spaced from the explosion surface 43

of the cylinder head 19.

25 Namely, the distance £ between the explosion surface 43 to the end



-8- 41 of the Iliner 40 is selected to be as | arge as possi ble w thout
ccausing any obstacle to the sliding notion of the top ring 42. The )
ref erence nuneral 44:denotes a corner portion near the outer periphery

t he expl osion surface 43. That is, the cylinder block 18 and the cylin
head 19 join each other at the corner 44. The corner surface 44a of t
corner 44 facing the conbustion chanber 45 has an arcuate cross-section of
a radius R According to this arrangenent, gt ds possible-to obtain a 10
mechani cal strength of the corner 44 |arge enough to withstand the force
praduced by the conbustion pressure in the conbustion chamber 45. Namely,

al t hough the stress produced _by. the_conbustion ten 0 : to
the corner 44, tfhé %ftortggsf’tf‘gﬁ %Oe i g%lee;éggﬁ %’yg? hagé ?%r@ndﬁggjggg?&%ggligio of

the corner surfage 443 g0, tRGLadRe -doenar 30{HiRG ddtibhGCORd RlopafirgS 42Y Olrfled
advant ageousl y. FGFiner mot e, since the length”[err] of the corner 44 is

sel ected to be | 8LB8 ardchk hinePQF S44PEENItRsODIRIrRed poPE G hédl Whe Rodter
curvature so that the stress dispersing effect is enhanced to ensure a

sufficiently highepBohani 68ltnet&:010k on 20rfadecss. 1 enat tisshoescyiadet M ock
strength of the corner 44 can be increased to a sufficiently high |evel
when t he radi us Rgi snsehecdygdnier headbutjoReath ether @4t the ichamexn 4. The
cyl i nder i nsi d& di aneter but smaller than the distance [err] to permt the
moverment of 25 thkerpéstsonfdd® 4hbrog sheciofhenl4dyfaciad cihe| agrust oy ghamker

45 has an arcuate cross-section of a radius R.

According to this arrangement, it is possible to obtain a

10 mechanical strength of the corner 44 large enough to withstand the

force produced by the combustion pressure in the combustion chamber

45. Namely, although the stress produced by the combustion tends

to be concentrated to the corner 44, the stress can be dispersed by

the roundness of radius R of the corner surface 44a so that the

15 cracking in the corner 44 is avoided advantageously. Furthermore,
since the length £ of the corner 44 is selected to be large, it is
possible to obtain a large radius R of curvature so that the stress
dispersing effect is enhanced to ensure a sufficiently high
mechanical strength.

20
A test result shows that the strength of the corner 44 can be
increased to a sufficientiy high level when the radiﬁé R is
selected to be about 2% of or greater than the cylinder inside

diameter but smaller than the distance £ to permit the movement of

25 the piston 16. More specifically, referring to FPigure 4,



.- 9 - representing the ratio of the radius Rto ‘the'cy1inder‘insi"de

dianeter by [err] (%, the stress [err] is drastically decreased as the
rati-o [err] is increased when the ratio [err] is smaller than 2% However

t heAdgcrease of the stress becomes not so appreciable when the ratio

[er I S increased beyond about 2% It is, therefore, possible to obtain a
suf™MCiently high nechanical strength at the corner 44 shown in Figure 2 by
selecting the value of the ratio te ke about 2% or greater. 10 Referring
now to Figure 3, the upper portion 47 of the cylinder block 18 surroundi ng
the end portion 46 of the liner 40, as well as the cylinder head 19, is ™

expanded out wapdl L,PeNPRele t IR 1bNbLRB L AL Gs ROk B 481 Blaek NensG¥ki nder bl ock
18 as indicated by arrow S. By thickening the upper portion 47 of the

cylinder bloakad&eribyi¥ 15, RASSidteestH iBr @eeBicdNg aRR@EsaPREI @ 47 from
expanding radially outwardly when subjected to the explosion pressure and,
hence, to aveatiai¥deésiinebessddowhead itha oftia Vdp aefleentHahe2sppaswevert i on 47
and the liner 40. Consequently, |leak of the gas into the crank chanber

t hrough t he ¢he Irerersn ofhehd isneess/0 berdmehenotyse rpprediladté whén e can be
avoi ded so as to Béeyent deterioration of the engine performance

attribut agl eTb~3uchih Yneakasel Begend| abqud Abt Abciessaberefore hipoksiplehe wal |
of the internediate portion 48 of the block, 18 adjacent to the crank case

36 because sGEHCTTHBr HetHE T ePELY iR RehsRiaipperangtih taF EhicgRn®X fhosi on

e iRy Fidide DU b0l iRy GLU68LNSe W AN HE°nE
2% or greater. [

10 Referring now to Figure 3, the upper portion 47 of the cylinder
blocx 18 surrounding the end portion 46 of the liner 40, as well as
the cylinder head 19, is expanded outwardly beyond the intermediate
portion 48 of the cylinder block 18 as indicated by arrow S. By
thickening the upper portion 47 of the cylinder block 18, it is
15 possible to prevent the upper portion 47 from expandingiradially
outwardly when subjected to the explosion pressure and, hence, to
avoid undesirable formation of .a gap between the upper portion 47
and the liner 40. Consequently, leak of the gas into the crank
chamber through the gap between the liner 40 and the cylinder block
20 18 can be avoided so as to prevent deterioration of the engine
performance attributable to such a leak of gas. It is not
necessarf to thicken the wall of the intermediate portion 48 of the
block 18 adjacent to the crank case 36 because such intermediate
portion is not subjected to a high explosion pressure. Thus, it is

25 possible to reduce the weight of the engine without causing any

-



- 10 - problemconcerning the strength, by thinning the wall of the

d nternmedi ate portion of the cylinder block 18. The thickening of the upper
porti-on 47 inereases-the cross-sectional area of the upper portion 47 sqéé;
that the force in the axial direction of the cylinder produced by the
pressure acting on the explosion surface 43 can be borne by a greater area
of the upper portion 47. Consequently, the stress in the corner 44 can be
decreased correspondingly. 10 Referring nowgta Figure 5, the inner surface
of the liner 40 is finished by honing. The surface 50 finished by the
hofAi hg extends between the portion of the inner surface of the liner 40
adj acent to the crapk chanber .to the_gnd rti.o . e ) re
specifically, thePBRIHSPFFTREY T Etknlr b g"%é‘éﬁ%.%“% wid el

of fset by a distange_lef.r ' | S sabQUt., 15 fom bdrli

the top ring 42 glnql";2 h‘{éee‘{)lials:?\égr?r%gmg? ft ggéjﬁé’%hﬁ%éﬂﬁgg‘t ?:)ﬁ/ar 3§§tdﬁg&e§<ﬂ5?gsﬁn

surface 43, so thif Lbg:! pPriicRJsaFdnstédlas el ¥r¥ddBebeidngl airRa &f thbe

surface 50 finished by hohing. The portion of the inner peripheral surface
of the liner 40 bgipeeesbrichen e970sP AtakOthe> toPék andtHehextat Aerarteonl oflthes
recessed radially outwardly by a distance [érr] which is about 0.1 to 0.2
mm from the suff agaib@edf phodived by thenprepsuso agsinw opr ths depkpsien e f&®
serving as a relief for the honing. This arrangenent offers the follow ng
advant age. When té4dechorbeatpriedy & Irieater tazgaiqft she WPPET (ROFLUMN #fom t he

crank chanmber it 25 is not desirable for it to touch the material _of the
cyli nder head Consequently, the stress in the corner 44 can be decreased

Aot ~ correspondingly.

10 Referring now to Figure 5, the inner surface of the liner 40 is
finished by honing. The surface 50 finished by the honing extends
between the portion of the inner surface of the liner 40 adjacent
to the crank chamber to the end portion 51 of the same. More
specifically, the end portion 51 is located at a position which is

15 offset by a distance ﬂé which is about 1 to 4 mm from the position

of the top ring 42 on the piston 16 at top dead centre towards the

explosion surface 43, so that the top ring 42 slides only within
the area of the surface 50 finished by honing. The portion of the

inner peripheral surface of the liner 40 between the end portion 51

20 and the extreme end 41 is recessed radially outwardly by a distance

13 woich is about 0.1 to 0.2 mm from the surface 50 finished by

honing, so as to provideaa recess 52 serving as a relief for the

honing. This arrangement offers the'following advantage. When the

honing tool is inserted into the liner 40 from the crank chamber it

25 is not desirable for it to touch the material of the éylinder head



19 or cylinder block 18 because of the risk of clogging, foéor which reason
it is advisable to avoid honing up to the extreme end of the liner. If the
| i ner>40 before honing had a constant inside dianeter up to the end 41, a
bqéﬁ?ary or step of honing could be left in the 5 end portion of the

in peri pheral surface of the liner 40 after honing if the honing tool
did not match perfectly with the end of the liner. Since the inside

di aneter of the liner would then belless at the end portion of the latter
as conpared with the surface 50 finished by the honing, the piston 16 cotld
catch agai nst such 10 end portion of reduced inside dianmeter. Such iy
probl ens, hevweveflisdt bBodkbvs dekdusd) of heneeRPENBE0ELIJIENG ORI WHARRDECAUSE
of the presence of the honing relief portion 52. In addition, the provision
of the honragsseliteis périsadieSd ancididohimenplh ahé enitiresd \enpreveneés t he
honi ng tool fromacting on the cylinder 15 bl ock 18 which is nade from

al um ni um éinex.s If| they lieen 4Atbefiore (hohdswhadbd ecopkbanti Agsisfe Giamelteni ng t ool
i s avoi ded advant ageously. Referring back to Figure 3, the ceiling wall 53
of the cyl MRAdE? the endhddd 21 YoprdasE e shep iafs herigdsredd he 1#Ebrmdhei oned
expl osion surface 43 while the other side of the same faces the cooling

wat er jsack 80 RPTEFRR AEn PR BB FETipheTali 4THgchent| ths igeyA8atierat t he

central pottion thereof than_at th ripheral portion,. sqQ that the portion
20a of theE’S'(’)ﬁr‘-'l A W 8P CkeY fbga{gi%a?g%. P%r"{)aﬁéi%ewpegﬁe‘b Fhe
cylinder igug P%%Q bkiﬁcgr&@t Hsigéséﬁﬂx%@e} *&?”tﬁé“iiﬁ% Sould thenbe PE'
heral portion of the sane. y varying the thickness of : _
less at the end portion of the latter as compared with the surface o/
50 finished by the honing, the piston 16 could catch against such
10 end portion of reduced inside diameter. Such problems, however,
can be obviated in the engine of the invention because of. the
presence of the honing relief portion 52. In addition, the
provision of the honing relief portion 52 in the liner 40
effectively prevents the honing tool from acting on the cylinder
15 block 18 which is made from aluminium or its alloy so that the
unfavourable clogging of the honing tool is avoided advantageously.

Referring back to Figure.3, the ceiling wall 53 of the cylinder
20 head 19 presents at its one side the aforementioned explosion
surface 43 while the other side of the same faces the cooling water
jacket 20. The thickness of the céiling wall 53 is greater at the
central por;ion thereof than at the peripheral portion, so that the

portion 20a of the cooling water jacket 20 adjacent to the centre

25 of the cylinder is spaced by a greater distance than the outer.

-



the ceiling walt 53 i the manner described, it is possible to reduce the
amei ght of the engine through reducing the nean thickness of the ceiling
wal |, while ensuring-sufficient strength to the 5 expl osion force. |N—=
the illustrated enbodi ment, the thickness of the ceiling wall is changed in
a stepped manner. This, however, is not exclusive and the thickness of the
ceiling wall 53 nmay be progressively and linearly increased towards the
centre of the latter. By so doing, it is ppgsible to further enhance the 10
strength of the ceiling wall 53. As will be seen fromFigure 2, the
cyhLnder head 19 is provided therein mnth exhaust val ves 23, |ntake val ves

24, exhaust ports 21 and Jntake SQ tha the overall hejght H as
nmeasured from 15 PETHEEXDIN 8§F10‘Wp§u? f°§c “ilssaf“ ¥ WY e S 9
inevitably |arge. Furthernmoce, Atg gy E£Q§i5§ € o d LU . the
cylinder head 19 §6 as l'@orm\?\ﬂ/aln}l e’1 coo%slcng wat e%aj] at l %tlo

exhaust ports 21 ap4d Aena%%e@a;é %fz'aue aﬁgmeé lth?&gﬁﬂ:éd&@ih&%e h&%ﬁe&l%iness

menti oned before. Thus, the cylinder head 19 itself exhibits a sufficient

strength because p# i@sc&ﬂlﬁﬁ%ﬂyeﬁﬁlb & udihg HuaBicidde bacangd kb e
stiffened internally by a multiplicity of cylindrical bosses 27 and ribs

55. Referring nOV\e:E;ﬂth.gml’ﬁereV\:hlIﬁhtheS idlwachted @inbodiment AlcRa wliorgedsher
line VI-VI of 3 Figure 2, the cylindrical boss 29 for the fuel 25 - 13 -
. the ceiling wall is changed in a stepped manner. This, however, is
not exclusive and the thickness of the ceiling wall 53 may be
Nt _ prog:essively and linearly increased towards the centre of the
latzer. By so doing, it is possible to further enhance the
10 strength of the ceiligg'wall 53. | |
As will be seen from Figure 2, the cylinder head 19 is provided
therein with exhaust valves 23, intake valves 24, exhaust ports 21
and intake ports 22, so that the overali height H as measured from
15 the explosion surface 43 to the end surface 35 is inevitably large.
Purthermore, a multiplicity of ribs 55 are formed in. the cylinder
head 19 so as to form walls of the cooling water jacket 20, exhaust
ports 21 and intake ports'22, as well as cylindrical bosses 27
mentioned before. Thus, the cylindef head 19 itself exhibits a
20 -sufficient strength because it has a large overall heighf H and

because it is stiffened internally by a multiplicity of cylindrical

bosses 27 and rihs s5.

Referring now to Figure 6 which is a sectional view taken along the

25 line VI-VI of Figure 2, the cylindrical boss 29 for the fuel .



i njection nozzle 28 also contributes to the enhancenent of ‘the strength of
the cylinder head 19. The cylindrical boss 29 extends froma position near
thegentre of the ceiling wall 53 sub- stantially along’the axi's of. the
cyl er, so that it provides a greater effect of stiffening the cylinder
head 19 as conpared with other cylindrical bosses 27 shown in Figure 1 and
ribs 55. The fuel injection device takes the formof an injector unit 57 in
whi ch a fuel injection nozzle 28 and a'¥uel punp 56 are constructed as a
unit with each other. This injector unit 57, when fitted in 10 the
cylindrical boss 29 as will be expl ained bel ow, serves further to i ncr ea¥®
the rigidityinjeaioengkblof2st disccybhtrdentdead di: ellncenast oictieon of the
injector unit 57 will be explained briefly. The injector unit 57 is
conposed of strHeggkhicf] abe ivaipiarphési Havi rEhel Sylkindotsalobosmn @9 aeftweis
I njection nozzle 28 having a sl eeve 98 connected to the end of the body 91
of the fuel fyfTeét PeFitpommess. thas centyleynfctheogeidprasvaldchpragbatingly within
a barrel 92 nounted in_the body 91, fuel is supplied fromthe fuel
i nj ecti on pufi~563tly hend (B dxisett %98 AYAPPRT 0§t Midfudh RFopidassari zed
fuel passage 94 20 fornmed in_the body 91. The injector unit 57 is provided
W Ch o o iR ar T IRt L ABLATPRES SR BOrTRSh TERc 15 2BotRPeateh At o
sl eeve 98. Wit.h the r.ste ressed to the jnner Qperipheral step
on the cyli n%?r?eéafy]b%sgg%%, D?%see%pgr;tslq’gﬁolfn thgurbeoéya!glrﬁgsojsgéti%ge above the
cylindrical DQSS ;29ediSoh abe0edakas 14He 25mF el HiGhibGRT ddib¥7gANS Of a
netal retainer 96. Therefore, an - 14 -
whict a fuel injection nozzle 28 and a fuel pump 56 are constructed o/
as a unit with each other. This injector unit 57, when fitted in
10 the cylindrical boss 29 as will be explained below, serves further

to irncrease the rigidity or strength of the cylinder head 19,

The construction of the injecto; unit 57 will be explained briefly.
The Injector unit 57 is compdsed of a fuel_injection pump 56 haﬁing
15 4@ boéy 91 and a fue; injection nozzle 28 having a sleeve 98
connected to the end of the body 91 of the fuel injection pump 56.
As a plunger 93 moves reciprocatingly within a barrel 92 mounted in o
the body 91, fuel is supplied from thé fuel injection pump 56 to
the Zuel injection nozzle 28 through a pressurized fuel passage 94
20 formed in the body 91. The injector_unit 57 is provided with an
annu.ar step 95 between the end portion of the body 91 and the
sleeve 98. With the annular step 95 pressed onto the inner
perizheral step on the cylindrical boss 29, the portion of the body
91 projecting above the cylindrical boss 29 is fastened ﬁo the

25 cylinder head 11 by means of a metal retainer 96. Therefore, an



initial conmpression force overcom ng the explosion force is applied to the
centre of the ceiling 53 by neans of the injector unit 57. This also
contributes to the increase of the strength of the cylinder head 19 so t

t he amount of deflection of the ceiling wall 53 is decreased effectively. ’
The portion of the injector unit 57 constituting the fuel injection punp. 56
has a | arger dianeter than the nozzle portion 28, and also fits in the
cylindrical boss 29. Therefore, the cylinrdrigcal boss 10 29 serves as a

| arge reinforcenment having a |l arge di aneter and, hence, contributes to the
strgngth of the cylinder head 19. The fuel injection nozzle 28 has a nozzle
port which is opened. whe ' I re_| lJ ed f | ] g
by the fuel 15 i oot sarbsdeelbbleBRel ofel ondRp o WboL Iy cHfle I8 ATLES,
57, the fuel injechLi ofk RUAPreoBr aNY LOE YOS 3 ibD] RGEOSE RAZZIRelBoRit 57.
connected to each other solely through a shorf pressurized fuel passage 94
formed in the bodyn9d,aise édmtkitdiRsl belthpr ansdase %t ot kehadthnod haef uel
injection punp is correctly transmtted to 20 the fuel injection nozzle
28. It is, thereicgtindepossadlie 40 that ehe dnvent ue] déflertidre dfuethe icefEinigi on
nozzl e 28 at exact correspondence to the pressure in the fuel injection
punp 56 withoug awp-sefondaterreagegiceffrrtovely.the entire region of the

vari ance of the fuel injection rate. Furthernore, since the pressure
drop along the 25 short pressurized fuel passage 94 is small, it is
possible to - 15 - obtain a high fuel injection pressure in_the fuel

i nj ection nozzl e The port;cn of the injector unit 57 constituting the fuel injection
Se? purn 56 has a larger diameter than the nozzle portion 28, and also
fits in the cylindrical boss 29. Therefore, the cylindrical boss
" 10 29 serves as a large reinforcement having a large diameter and,

hence, contributes to the strength of the cylinder head 19.

The fuel injection nozzle 28 has a nozzle port which is opened when
a high pressure is applied by the fuel delivered by the fuel

15 injection éump 567 As stated before, in the injector unit $7, the
fuel injection pump 56 and the fuel injection nozzle 28 are
connected to each other soiély through a short pressurized fuel
passage 94 formed in the body 91, so that the fuel pressure
established in the fuel injection pump is correctly tr;nsmitted to

20 the fuel injection nozzle 28. It is, therefore, possible to inject
the fuel from the fuel injéction nozzle 28 at exact correspondence
to the pressure in the fuel injection pump 56 without any secondary
injection over the entire region of the variance of the fuel
injection rate. Purthermore, since the pressure drop along the

25 ~ short pressurized fuel passage 94 is small, it is possible to



29 which in turn pronotes the atom zation of the‘infecfed fuel .

Furt.hernore, the injection fromthe fuel injection nozzle 28 takes pl ace ’
W t t a substantial tinme lag with respect to the punpi'ng 5 ‘operation in
thedZuel injection punp 56. It is possible therefore tc maintain an

optimum condi tion for conbustion and to nmake full use of the engine
performance, partly because secondary injection and injection tine |ag are
avoi ded and partly because atom zati-on'®df -t he fuel is pronoted. The
avoi dance of delay in fuel injection 10 al so contributes to inprove the.
performance of the engine during high-speed operation. It is remarkable >

that these adyant:30gshyhesid04aMctaBRUredbidt anSiHm ke 1C ARSELLEHT Q321 Ch
does not require a tiner as has been found indi spensable in conventi onal

engi nes for ag§ ustichgid kark igFongtsd thatbreiatibh astt kR .intScddresend of the
fuel injection nozzle 28 is exposed to the conbustion chanber 45

subst ant i al | yratehelsomgnthe iofjethieonefidm sherfuelir frejeetkih nazuienos wakéex fl ow
chanber (pre-conbustion chanber) is provided in the cylinder head 19. Since
t he engi ne i spofceawiithagt a2fbstantiadt time 13poith respectd thethy eumping s
possi bl e to support the injector unit 57 by the full height H of the

cyl i nder peadoaTratépmsidqibatiugl HECFIRTePERR S8ni t1t5¥%s RAFSHelehsherefeadl y and
the distance between the explosion surface 43 and the other end (protector
71) of the infectort it B oP T K AT Ras R PEHE AP 1374 3% makp et i on in

the size of ttrxlsexe SLILE e%?;ix?e ngegkc?rmanleh ,usipan?iyt lgggaqget Qgc_ondafy ]igjéction

and injection time lag are avoided and partly because atomization \-)
of the fuel is promoted. The avoidance of delay in fuel injection
10 aiso contributes to improve the performance of the engine during
high-speed operation. It is remarkable that these advantages are
brought about with a simple construction which does not require a
timer as has been found indispensable in conventional engines for
adjusting the timing of the fuel injection.
15
The end of the fuel injection nozzle 28 is exposed to the
combustion chamber 45 substantially at the centre of the explosion S
surface 43, and no vortex flow chamber fpre-coﬂbustion'chamber) is ~
provided in the cylinder head 19. Since the engine is of a direct
20 injection type as stated before, it is possible to support the
iniector unit 57 by the full height H of the cylinder head 19.
Consequently, the injector unit 57 can be held stably and the
distance between the explosion surface 43 and the qther end

(protector 71) of the injector unit 57 can be decreased to permit a

25 reduction in the size of the engine as a whole. Thus, although the



I njector uni-t 57 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

i njection type engine. For conparison, if a vortex flow chanber were to
formed in the cylinder head 19, the distance between the injector unit

and the explosion surface 43 woul d have to be increased by an anount
corresponding to the size of the vortex flow chanber, so that the size of
the cylinder head 19 and the size of the case-34 woul d have to be

i ncreased. 10 Direct injection offers also the foll ow ng advant age.
Nankely, in an engine having a vortex flow chanmber, a heavy thermal load is

i rposed on the inner n\%}r fuﬁf@ 53t Hé‘are_ﬁ 0L Caatlagge Q.%??ﬁgelpeit SGERL 8 ess

vortex flow chanber a e combust i on chanber ng propagation of the
flame fromthe fqaelsid thhtedpatieleizBYotl Bhe e@:Q“ﬁé ambil ':79 Befligh€fd the
injection type engine having no vortex flow chanber, no Tocal "t her nal
stressing takes pimacgeids hheireptifdeetiwadydd efRgind.n Fdie compdriden, REack 18.
Therefore, the cylinder head 19 and the cylinder block 18 are never damaged
by heat even thougl¥ztkefloar ¢haibde wetremalbenformeth 1Y the @lltiinderi Haadlibpythe
havi ng smal | 20 resistance to heat. Alumniumor its alloys exhibit a

hi gh heat conguctdisrayceabetymenctind iofiestral initeS7 sardntke texphesion Sirdned dide,
the heat transferred to the cylinder head 19 and the cylinder block 18 from
t he- 25 conbust i or¥EhaNtRSE 8% beaimdreaged e AYPLPBIPOFyeIPoNeRg Eodihengize -

17 - water in the cooling water .jacket 20, so that the %yllnder,block 18
. of the vortex flow chamber, so that the size of the cylinder head

A 19 and the size of the case 34 would have to be increased.

p irect injection offers also the following advantage. WNamely,

10
in an engine having a vortex flow chamber, a heavy thermal load is
impcsed on the inner surface of the communication passage between
the vortex flow chamber and the combustion chamber 45 during
propagation of the flame from the former to the latter. By

15 conzrast, in a direct injection type engine having no vortex flow

chaxzber, no local thermal stressing takes place in the cylinder
head 19 nor in the cylinder block 18. Therefore, the cylinder head
19 and the cylinder block 18 are never damaged by heat even thouéh
they are made from aluminium or an aluminium alloy having small

20 resistance to heat.

Alurinium or its alloys exhibit a high heat conductivity at the
cost of small resistance to heat. Thérefore, the heat transferred
to the cylinder head 19 and the cylinder block 18 from the

25 comcistion chamber 45 can be delivered promptly to the cooling



and the cylinder head 19 are protected agai nst overheating.” Thus, the
engine is protected agai nst thermal danege even in this respect. 5 The

pi B 16 is provided in the top surface thereof with a‘recess "which
ddf@%es a part of the conbustion chanber 45. When the piston 16 is position
at e top dead centre in its stroke, the portions of the top surface of
the piston other than the central recess 10 cl osely approach the

expl osion surface 43 or the rounded corqier _around the expl osion surface 43
wi t hout | eaving any substantial gap or clearance. The explosion surface 43
may be conically concave although it is 15 flat in the described

nbod t. In thi, bl e h t f th
cyli nder b ocwgi%:%dvf%@f’e%%a o8t eFo e B oo 15T B PBng h
~of the arch structiy e {aned By the cylinder blockd 8°9grq,eggmg.y'+h“def head

19 in the |Ilusfré% Cross- sectlon FUCT Ure constit ut ed

by the side 20ne dlihe of pw@e&xh'%g%%?«bltae&a@a d B ghl g por tion

provi ded by the head 19 ol 'ow ng explanation relates to the
nechanlsn1forrasiuatlng the fuel injection punp 56, as well as the exhaust

- -

val ve 23 and the 25 i ntake valve 24 (Figure 6 shows only the valve 24).
Besides th cam shaft 31 and the valve arns 32 which were nentioned
before, the val ve arm chanber 33 accommpdates a valve arm 59 for the fuel
t nj ecti on punrhd6z:idtenathliisi proviged \ie sHenep 2hirdace Hhepdofi hth a recess

which defines a part of the combustion chamber 45. When the piston -
16 is position at the top dead centre in its stroke, the portions
of the top surface of the piston other than the central recess

10 closely approach the explosion surface 43 or the rounded corner

aroznd the explosion surface 43 without leaving any substantial gap

or clearance.

The explosion surface 43 may be conically concave although it is
15 flat in the described embodiment. In this way, it is possible to
enhence the strength of the cylinder block 18 and the cylinder head
19 because of the greater strength of the arch structure formed by ;;;
the cylinder block 18 and the cylinder head 19 in the illustrated
cross-section, that is the arch structure constituted by the side

20 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 valve 23 and the

25 intake valve 24 (Pigure 6 shows only the valve 24). Besides the



exhaust val ve 23 and the intake val ve 24 respectively, as well as 5 t he

fuel

34. The valve stens 25 and 26 are |ocated, for exanple, on the left o
verti cal

I njection punp 56, project fromthe cylinder head 19 into the c%ng

I'ongi tudi nal nedian plane [err], that is the plane containin

He
he

axis of the cylinder: the terns "left” and "right" will be understood in
relation to the normal 10 orientation of the engine as illustrated in the

dr awi

ngs, in which,

in Figure 2, the enginggis shown in an upright

orientation viewed fromthe Ieft, so that forward notion is fromright to

| eft.,as indicated by the arrow A of Figure 2, which indicates the direction
of notion of a vessah &wifitny) tahe eegivabve athe B2t Weilcht verel hentlioned defofe,t it
val ve stens 25 and 26 are |ocated conparatively close to the head end
surface 35. The valvadvetamsclitmbenB338ceompogates devhlye adweb? fomdthevttdél
protectors 60 which are contacted by aéﬁ}stl ng screws 62 held in position

on respective ends igfiection2pamp G4 vdnag

tlon hyakven s§ens. 25 R AGitef Ehe

Each valve arm 32 is provided at its internediate portion with a tappet 63
adapted to be act ué?‘éﬁ“ﬁyval‘@aﬁﬁwdoﬁh? Hatake,vah e 2431espeptively; \As H?lnls ag)
are supported

he ds b _ haft. 6
vertical and sﬁ%por Sdf‘lﬁt} f’ﬂ%e%géé% %g’rg%e\\‘/fg %/ﬁ%maé}fa?%'ﬁé‘tgeﬁg’ - gg] indo
offset leftwardly fromt Jl%ﬁlﬁpg' &ﬁ@'&gﬂre \WeLhl GA! 1 iR dE AL \ﬁﬁi@%%edtef r; éra’f)mp%ﬁe

[err],

w

and the outer peri _
end surface 35 of e ehy |1'e?€ile BRedelPicalNEofiitiafiad Maian plane 0,-0

10

eral surface thereof 1I's sone a

1? that

is the plane containing the axis of the cylinder: the terms "left"
and "right"™ will be understood in relation to the normal

orientation of the engine as illustrated in the drawings, in which,

in Figure 2, the engine is shown in an upright orientation viewed

from the left, so that forward motion is from right to left as

indicated by the arrow A of Figure 2, which indicates the direction

15

20

25

of motion of a vessel having the engine fitted thereto.

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



this shaft is nearer the end surface 35 of the cylinder head 19 than the
protectors 60 on the ends of the valve stems by a distance 5 of about 2
to Zcpm (about 1/ 3 of the valve lift) when the valves are closed. The cam
shakll/31 is positioned to the rear of the valve arm 32, that is on the side
renote fromthe end surface 35, and to the left 10 of the lock nut 61.
The shaft 66 for the valve arm 59 extends vertically on the right hand side
of the central plane [err], and is d'Lgssted to the right of the cam shaft
31. The shaft 66 is also supported by the valve arm chanber casing 34. Fwo
val ve arns 59 (only one of themis shown) are carried at their intermediwe
15 portions by the common shaft 66 _and are each provided at one end with
a respecti Va~Eama§| FRRVWONTET ReFiRRATRACTUSHATH HRES AP YMEUNAT sRRcedssoci at ed

cam 68 on the cam shaft 31. j ustin Cl 70_are fixed to the other ends
of the val é'°5r%i§e %@“ asr\’(fgzﬁ‘é‘f (yl RE 'il‘hﬁg‘ééwgﬁmgﬁ‘ﬁgcg#g'l OIE"I‘)Ea AGtS 88.°fhe ends

of the ad] Lﬁ&bg&a r?m(ﬁlgg Q:rlltteagxgd %grfaf%hgs %'fogl?e(:tcgéfr%dnf ﬁenaldt l?ghends of

t he pl ungers he a i Ng SCrews are | ocat G tREright of the

| ongi t udi nalp uefdd pabedRAEansdPbanthe 8hdd o8f el Ga il KPERS Sy %gg% | ieect or

unit is inclined to this plane [err] and approaches it.towar e end of

the fuel injregbd@ 20032 8m28ibod® 1/ 3 020kie MUVBPEIHYIOwieh ikhe fRNGERY i N the
rear warl of the valve arm chanber casing 34 so as to extend fromthe right

end t owar dareherdsafat, end

The cam shaft 31 is positioned to the rear of the valve arm 32,
that is on the sidé remote from the end surface 35; and to the left
;0 Of the lock nut 61. The shaft 66 for the valve arm 59 extends

vertically on thé'right hand side of the centralpléne 0 -01, and is

1
" disposed to the right of the cam shaft 31. The shaft 66 is also
supported by the valve étm chamber casing 34. Two valve arms 59
(only one of them is.shown) afé cérried at their intermediate
13 poétions by the common shaft 66 and are each provided at one end
with a respective cam foliower 67 in contact with the rear side of
an éssociated cam 68 on the cam shafﬁ 31. Adjusting screws 70 are
fixed to the other ends of the valve arms 59 and held in.place by
means of lock nuts 69. The ends of the adjusting screws 70 contact
20 the protectors 71 on the ends of the plungers 93. Thé a&justing
screws 70 are located to-the right of thellongitudinal vertical

median plane 01-0 of the cyiinders. Each injector unit is

1
inclined to this plahe 0‘—01 and approaches it towards the end of

the fuel injection nozzle 28.

25



portion of the rear wall. A cover 73 for closing the opening 72 is secured
by bolts 74 to the casing 34. A |lever-type deconpression 5 nechanism 75,43
secured to the left of the case 34. The deconpression nechanism?75 is f;_
manual | y operating val ves into opening positions when the engine is to be
started. The valve arm 32 is provided with an arm 76 which is adapted to be
actuated by the deconpression nechanism75. 10 In the engine structure
descri bed above, the rotation of the camshgft 31 causes canms 64 to actuate
exhaust val ves 23 and intake valves 24 through the action of valve arnms 32
andy_at the sane tinme, the cam 68 actuates the plunger 93 of the fuel

i njection punp 15 56 through the action of the valve arm 59. The operation
of the exhaust valAPeSPemingt I ispfonmedyin fhe zearafailt AR Wgeralvey a1 iBAMBATNpS

56 can be adjusted by varying the positions aof the adjusting screw 62 and
70. Since the adj FEEFIG YCPRRe 80 ARFSPhE FPB e B0, O RTEE ERRrEA <P i n

the val ve arm casing, 34 cgess to them can 20 easy | l.hed far .
adj ust ment thr ougﬁ” ﬁéo%b)gnl r?g 9 gfq?'en%v??l‘@ert ﬁgef(%vgir‘)%ﬁgatﬂ?eo%ed}lﬂgt%znés

screws 62 and | ockodaulgs ) Bits2h2 RALLESALIUP 301 AUUSLETEL dBoials {dhe
t he sha 66 beca

opening 72 via a gap between the cam shaft 31 and use

these shafts are GRcORRAN §8 i3l 96suRh td1@nadidie! b1EnECEAWS3H2 and | ock nuts
61. 25 - 212 As shown in Figure 2, the camshaft 31 is supported at

bot h ends decozpression mechanism 75 is for manually operating valves into
opening positions when the engine is to be started. The valve arm
s : 32 is provided with an arm 76 which is adapted to be actuated by

the decompression mechanism 75.

10
In the engine structure described above, the rotation of the cam
shaft 31 causes cams 64 to actuate exhaust valves 23 and intake
valves 24 through the action of valve arms 32 and, at the same
time, the cam 68 actuates the plunger 93 of the fuel injection pump
15’ 56 through the action of the valve arm 59. The operation of the

exhaust valves 23, the intake valves 24 and the fuel injection
pumps 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

20 be 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-aéjustmeﬂt 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.

25



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 for

znn@ﬁ@jng the fuel injection punp are spaced vertically-5 along the
LYO

cans®aft 31, with the cam 68 being positioned at the sane level as the

hori zontal |ongitudinal nedian plane 0-0. To the |ower end of the canshaft
31 is connected a punp shaft 79 of a lubricating oil punp 78 which is
fastened to the | ower side of the casing 34 by neans of bolts (not shown).
The inlet of the 10 lubricating oil punp 78 comunicates with an oil pan_
(not shown) through an oil passage drilled through the casing 34, the 'V
cylinder head_19 and the.cylingder block. 18. _The aqil n.is fornmed.by a case
whi ch encases™ i‘fém'ﬁlbt’ﬁh?l%"fvfa?f ? " (W8t c—%’ﬁ@\?ﬁ% é’lt %%5?%&38%%;8#9 ¥f%m t he

| ower end of fhe_crank deall tlet, . of he, | upri | il punp
78 is con_nectgen tag %é?‘g%o'rctll t_c:)eh o?t?%eLgn%‘%n%;stiﬁ%ou“gh an'%?fﬂl‘prl%sgg%e (not
shown) drill eg t;REOMON 4t Bi%s GST Ok 3dms RCeLY hEQGREndGRE Jdv@BaddhenEY! | Nder

bl ock 18. The ‘upper end portion of the camshaft 31 projects above the 20
casing 34. A pifl leeyeddl abt R nlOcih@udr Qh§sddiBg bt a:ef spdeaupesdicang, of the

cam shaft 31 is drivingly connected to another pulley 82 fixed to the upper
portion ofst hg1 hgatikes kahéhalft By, REaNSthefl can 68 Nbeigg hEpdstit BchedAagedner at or 84
is connected to the fly-wheel 12 above the pulley 82. A ring gear 85 on the
.out er peri phesameofietdic a85tHd honimaltall 2ongitadapiiededirrbplareg Yeh. byfoa starter
86 secured to a portion 30 of the crank case 36. An oil filler duct 87
proj ecting the 2pwer end of the camshaft 31 is connected a pump shaft 79 of a
lubricating oil pump 78 which is fastened to the lower side of the -/
casing 34 by means of bolts (not shown). The inlet of the
10 lubricating oil pump 78 communicates with an oil pan {not shown)
through an oil passage drilled through the casing 34, the cylinder
head 19 and the cylinder block 18. The oil pan is formed by a
case which encases the output shaft (not shown) extending
downwardly from the lower end of the crankshaft 11. The outlet of
15 the lubricating oil pump 78 is connected to every portion of the

engine through an ¢il passage (not shown) drilled through the

casing 34, the cylinder head 19 and the cylinder block 18.

The upper end portion of the cam shaft 31 projects above the
20 casing 34. A pulley 81 fixed to the projecting part of the_upper
end of the cam shaft 31 is drivingly connected to another pulley
82 fixed to the upper poriion of the crankshaft 11 by means of a.
timing belt 83. A generator 84 is connected to the fly-wheel 12
above the pulley 82. A ring gear 85 on the outer periphery of the
25 fly-wheel 12 is adapted to be driven by a starter 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 wall) of the crank case 36. A governor 88 is attached to the
cylinder block -18 while a fuel i njection rate increasing device 89 vvh
operates during starting up of the engine is 5 secured to the cyllno-
head 19. The governor 88 i.s adapted to be driven through the timng belt
83. The governor 88 and the fuel injection rate increasing device 89 are
connected to the plunger 93 of the fuel Lnjsection punp 56 shown in Figure 6
t hrough a | ever mechanism 90. 10 As will be seen fromFigure 6, the
govagnor 88 is disposed rearwardly of the crank case 36 and on the right of
t he cylinder bl ockobBiqualy uipwaedly ig atitached tterthkOOpper gostiencsf @he theetdmef t
side of the cylinder block 18. As explained before, the fuel 15

i njection punp 56 walhiddntrtdwahl) [0 the icnandt chesB6190 Mmgovennort 88\is hatithehed
fuel injection nozzle 28. Thus, the fuel injection punp 56 is carried on
the cylinder head ¥9, thehrykindee Yorkrorhil® anfrelhénjensier satadnsreasipgt er
100 are carried on_the cxl i nder bl ock 18. Therefore, the en%| ne as a whol e

exhibits a subst anfFEiqey89rhich gperatgs dyping RE’%P%%@E ﬁ\%nfr’cfm t he
e e 20 "0 Atk e Ceritasl 050G bR S eniEo 3 °
by a cowling 1 (Fi QP{&‘enll_h%I &hﬁhoﬁ.&?z{‘@r geﬂPta?E Mhezg vernéy 88! dnd Qﬁea‘%uef' e
101-is connected at one end t e 1 ntake por il i
injection rate increasing device 89 are connected to the plunger
93 of the fuel injection pump 56 shown in Figure 6 through a lever
mechanism 90. |
10
As will be seen from Figure 6, the governor 88 is disposed
rearwardly of the crank case 36 and on the right of the cylinder
block 18. A lubricating oil filter 100 is disposed on the left
side of the cylinder block 18. As explained before, the fuel
15 injection pump 56 is mounted in the cylinder head 19 as a unit
with the fuel ihjection nozzle 28. Thus, the fuel injection pump
56 is carried on'the_cyiinder head 19, while the governor 88 and
N the lubricating oil filter 100 are carried on the cylinder block
18. Therefore, the engine as a whole exhibits a substantially
20. oval or egg-like form when viewed from the upper side as shown in
Figure 6, which shape is quite suitable for use as a marine
outboard engine. Needless to say, the engine as a whole is

covered by a cowling 1 (Figure 1) of the outboard motor M.

25 An air intake pipe 101 is connected at one end to the intake port



22 on the right side of the cylinder head 19 V\:hi—| e the othér end'is open
near the forward end of the crank case 36. The air .intake pipe 101 extends

al grg the right side of the cylinder block 18 and the cftank case 36 and the
i nNe#J £nd portion thereof turns round to the front side of the crank case
36 reach a position near the |ongitudinal vertical nedian plane [err]

By adopting such a long air intake pipe, it is possible to enhance the
intake inertia effect to inprove the pefPormance of the engine. 10 As has
been described, since the intake pipe 101 extends along the right side qf,
the crank case 36 and since the starter 86 is positioned on the |eft sia%‘
slightly forwardky €fe thghtCsadk ofase: 3Flinderi Begain3 3ividettheObtimimend cert ai n
rough bal ance and approxi mate symmetry of the engine as a whole with
respect to theisl§peh grgrtihgdi ftvwagsti end Réruwf crafiucesre3for €heaapeinsake

bal ance and symmetry within the valve armcasing 34 is attained as can be
seen from Fi gLHiQ%‘%‘y epbRAds| BlAngg the & ight eddsr ofuthe ey inderc bilegkl 18candhe
right while the camshaft 31 and the valve arnms 32 are disposed to_the
left. 20 Figur®$ 77386V 7S tTURE 0% BPECSBI BIPTaPR & & FFUAR %%r ned

as a second enbodi nent the_invention for use in a marine outboard notor.
?ﬁeﬁ ?"\[‘

25 In opersat i O pfmfthfg‘;es&:omf ERBBYiICRERLS ealcgﬁ RPEEYER PFBmhj ector
ljml .t s 57 munt]%@:;'i&&ilagl Cw)’elrltggaelr mggs.aaq'x g?aneara?—(s 1WO Q§ satdggtsing sﬁchzé iong

air intake pipe, it is possible to enhance the intake inertia

effect to improve the performance of the engine. . o/

10 As nas been described, since the intake pipe 101 extends along the

right side of the crank case 36 and since the starter 86 is

positioned on the left side slightly forwardly of the crank case

36, it is possible to obtain a certaiﬁ-rough balance and

approximate symmetry of the engine as a whole with respect to the

15 longitudinal axis thereof. Furthermore, a certain balance and
symetry within the valve arm casing 34 is attained as can be seen
from Pigure 6 by positioning the injector units 57 inclined to the .
right while the cam shaft 31 and the valve arms 32 are disposed to ~
the left.

20

FPigures 7 and 8 show a 4-stroke water-cooled diesel engine formed

as a second embodiment of the invention for use in a marine

outboard motor.

25 In operation of this second embodiment, fuel is injected from

injector units 57 mounted in the cylinder head 19, and two pistons



16 in cylinder I'iners 40 in the cylinder block 18 are reciprocated in the
hori zontal directions thereby to drive the vertical crankshaft 11 which in
turn drives the propeller 4 through the thrust shaft 6. 5 As shown in
Figures 7 and 8, fresh air is introduced as indicated by an arrow S tégﬁﬁgh
i ntake ports 22 conmunicating with respective conbustion chanbers 45. e
gas generated as a result of the conbustion is discharged through
respecti ve exhaust ports 10 21 as indi catedzlpy -arrows E. These two exhaust
ports 21 are connected through an exhaust manifold 30 to a commobn exhaust
pasgage 7 formed in the body 3 of the outboard motor as shown in Figure 1.

15 The exhaust manfol &30, GR0840 90 ULhE S I0mAtpIdR | RLeC! AgS DetiRan

t he di esel englne of the outBoar

first enmbodi ment has- &%moa«.rtafcaﬂfree H ki edkrieBy iy ari@seﬁ&tveruhaboth
enbodi nments this outlet 30a is partly located in the cylinder block 18,

that is towards tRkeagesHaft20 GRIMH &@n Afcrhasiveeecthdlps6pdies, 4 ikArddm ehesel
engine 2 of both the first and the second enbodi nent, the exhaust manifold .
30 is formed as athni4:x whafit tehe cyl i nder head 19 and the cylinder block 18,
so that 25 it is not necessary to use a separate exhaust manifold unlike
conventional eggines. The elimnation of a separate exhaust - 25-

As s—hown in Figures 7 and 8, fresh air is introduced as indicated
by an arrow S through intake ports 22 communicating with
k_/ respective combustion chambers 45. The gas generated as a result
of the combustion is discharged through respective exhaust ports
10 21 as indicated by arrows E. .These two exhaust poits 21 are
connected through an exhaust manifold 30 to a common exhaust

passage 7 formed in the body 3 of the outboard motor as shown in

Figure 1.

15 The exhaust manifold 30 leads to an outlet 30a at the interface
betwaen the diesel engine 2 and the body 3 of the outboard motor
and, indeed, the first embodiment has a similar configuration in
this respect. In both embodiments this outlet 30a is partly
located in.the cylinder block 18, that is towards the crank

20 centre.

As'haé been descfibed, in the diesel engine 2.of both the first
and the second embodiment, the exhaust manifold 30 is formed as a
unit with the cylinder head 19 and the cylinder.block 18, so that

25 it is not necessary to use a separate exhaust man;fold.unlike

convantional engines. The elimination of a separate exhaust



mani fol d affords a conpact construction of the engine as a ‘whol e and
reduces the nunber of parts, as well as the nunber of steps of the

assenhl i ng process. 5 In the case of a nmarine outboard notor, since the
engias a whole is covered by a cowing, it is inportant to surround the
_exh mani fold by water to prevent an excessive tenperature rise in the

cowming 1 due to the heat derived fromthe exhaust manifold which is heated
to a high tenperature. The provision=025a 10 separate water-cool ed

exhaust mani fold woul d increase the weight as well as the nunber of parts:.
In contrast, in the engine of the invention, the exhaust passage passes
t hrough t he co8RiHPldafeiorfisck compart 6PRAfFurtiamhet e sgdpe 135 2 whedd 19 and

the cylinder block 18 so that the ter-cool ed ni fold can be forned
wi t hout requir A9 YSdTE B rp%\??’é?%naﬁf"etlﬁgaﬁi\égﬁr““@ﬁﬁﬁt?érs%ﬁ"éu%l t he

exhaust passag Thsi[§ g{ N, IS superior to the conventional one
because it conftglr"?baﬂ 35 %n%tﬁg&‘%ggﬂction I n the weight, nunber of parts and

the size. 20 The arrangenent of the parts of the engine of the described
enbodi ment may be inverted with respect to the neutral axis of the engine.

The inventison daeend@hsé)dt Wlmrdfe VutBOLHAITRS T, NsiieCnd lRBg QA bk an 37 of
the crank case 36 is fornmed separately fromthe 25 cylinder block 18, and

the i nventi on eholddscabadieetbyna edwleng| e ba\impgridntets Garround €4e i nders.
1t is also possible to provide a - 26 -
exhaust manifold by water to prevent an excessive temperature rise
in the cowling 1 due to the heat derived from the exhaust manifold U
which is heated to a high temperature. The provision of a

10 separate water-cooled exhaust manifold would increase the weight

as well as the number of parts.

In contrast, in the engine of the inventioﬁ, the exhaust passage
passes through the cooling water jacket 20 formed in the cylinder
15 head 19 and the cylinder block 18 so that the water-cooled
manifold can be formed without requiring any additional provision
of.the water chamber arouhd the exhaust passage. This arrangement
is superior to the conventional one because it contributes to the o’
reduction in thé weight, number of part$ and the size.
20
The arrangement 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 exélude an arrangement in which
the portion 37 of the crank case 36 is formed sep#rately from the
25 cylinder block 18, and the inventién &anlbe embodied as an engine

having three or more cylinders. It is also possible to provide a



vortex flow-chanber (pre-conbustion chanber) within the cylinder block 18.
It is also not essential to formthe fuel injection nozzle 28 and the fuel
injection punp 56 as a unit. Nanmely, the fuel injection nozzle 28 and .:,;:.)
fuel injection punp 56 may be 5 constructed separately from each ot hdZd
and connected to each other through a high-pressure tube. As has been
descri bed, according to the invention, there is provided a diesel engine in
whi ch the cylinder block and the 10 cyLisgler head are forned as a unit
fromalum niumor an alumniumalloy, and intake and exhaust ports are
forued in the cylinder head. Thanks to the structural features as

summari sed above, ténetesti £5@i changpene( mrie-tdnbusnimnichanberd fwithis hef gtlindemng
advant ages. (a) The wei ght of the engine can be reduced as conpared with 15
conventional engi neledkn1dhi 3k ishelsyinohdessebtirlk tantPrmhthe fhehdadedtdad are
formed fromcast iron.. The reduced weight in turn affords an increased

out put power per uRPIzifefindorhe fiecligieREias RERpAE &F hittcolPRRtY 0RRe

50° "aasenbly 1 1 RS Apareohatannle B 3 Hhe; SRl bleE i St BetohEe
i nd bl ock d ' | |

rnber - unl | ke SconSumtrattdd S8tedBaly RoR Rk oclef B BalARER ' ol plifer

attai ned because ofnptdignel iﬂﬁﬂﬁz&#eg&z‘}f ke gasket serving as a heat
i nsul ator between the 25 - 27 -

As has been described, according to the invention, there is
provided a diesel engine in which the cylinder block apd the
10 cylinder head are formed as a unit from aluminium or an aluminium
alloy, and intake and exhaust ports are formed in the cylinder
head. Thanks to the structural features as summarised above, the
diesel engine of the invention offers the following advantages.
(a) The weight of the engine can be reduceq as compared with
15 conventional engines in which the cylinder block and the cylinder
head are formed from cast iron. The reduced weight in turn
affords an increased output power per unit weight of the engine as
\-f cumpare@ with conventional engines.
(b} The number of parts is decreased, as well as the weight, and
20 ~ assembly is facilitated because it is not necessary to unite the
cylinder block and the cylinder head by bolts through a gasket or
a like member, ﬁniike conventional engines.
(c) A higher cooling effect can be attained because of the
eliminatioq of the gasket serving as a heat insulator between the

25



M

cylinder head and the cylinder block. (d undesi rabl e' def orrrati on of the
liner is prevented because of the elimnation of the necessity for

ti ghtening of the cylinder head by head bolts, so that the life of the
Iirn@s prol onged and the mai ntenance of the sane is facilitated. (e

Al th h a high pressure is produced in the cylinder as in the case of

ordi nary diesel engines, the | eakage of gas, cooling water and |ubricating
oil can be avoided perfectly because 2he-cylinder bl ock and the cylinder
head are constructed as an 10 integral unit. It is therefore possible to
i ncrease the conbustion pressure to attain higher output power of the =
engi ne. (f) ctherydi gbds @hatie eydinger xABcke decreased thanks to the

el imnation of thickened portions around the jointing surfaces of the
cylinder head and:dehérapilei defermbtioakof rthehkineenye preoerededebgianes .of( g) The
conbusti on chanber defined by the unitary structure of the cylinder block
and t he cyl ithdeelimdnaticanofcdhe nepessity ffor risiohhéningenfheecylioderchani cal
strength of the engine. (h) The freedom of sel ection of the positions of

t he exhaust D§df ey AREA iGvdhke Spokhas the li€e s &he tHanksis sre}raged iavdnat i on
of the head bolts. Specification No, 84.32733 (Serial No. 2150221) is

di vi ded f5ror'f'rqfh"ras"“ﬁiﬁg"l“?°€a? dheafrPec bfit HEchs @8R scl osure of the invention
qefl L (eln giihguééﬂg 8¥%ﬂ"%x§%é¥rgsis proé%ééhhg% the cylinder as in

the case of ordinary diesel engines, the leakage of gas, cooling

watar and lubricating oil can be avoided perfectly because the O/

cyiinder block and the cylinder head are constructed as an
10 integral unit. It is therefore possible to increase the
cozoustion pressure to attain higher output power of the engine.
(£) 'The weight of the engine can be decreased thanks to the
. elixination of thickened portions around the jointing surfaces of
the cylinder head and the cylinder block in the conventional
15 engines.
{g) The combustion chamSer defined by the unitary structure of
the cylinder block and thé cylinder head can have various forms
whizh enhance the mechanical strength of the engine.
(h) The freedom of selection of the positions of the exhaust
éo por=s and intake ports is increased thanks to the glimination of

" the head bolts.

Specification No. 84.32733 (Serial No. 2150221) is divided from
this Application and contains a disclosure of thé invention defined

25 in =xe following Claims.

.



1. © A water-codl ed diesel englne for use as a mari ne outboard engi ne,
conprising a cylinder block and a cylinder head formed-as—an—integral unit

fromal um nium-or a light-weight alloy of the 5 alumni sald
cylinder head having intake ports and exhaust ports Miﬁhmgﬂmmm
sai d exhaust ports comunicating with an exhaust nan

in the said cylinder head. 10 2. A wat er - cool ed di esel engi ne as
claimed in claiml1l, wherein the said engipezgés_a fuel injection deV|ce
including at | east one injector unit. 3. wat er - cool ed di esel engi ne as
claimed in claiml or claim2, wherein the corner portion of the conbustion
chanber forned by the said cyIinder bl ock agg Egid cylinder head is rounded
to have an arcuate cross-section. cooled di esel engi ne as

claimed in any of clainp,1.20 o, deadéieg: Rk hel BE: S8b0 LYl LiSr Blogk, and

t he said cylinder head are provi ontlnuous coolln Wat er fatket .

5. A wat er - coolggd: g e%sgpﬁ@gwea 291 &Rk Ny 951%8&4 'ﬁ@a&lﬁrﬂéd as .

wherein at |east oné cylindrical boss for the fuel Injectiron nozzle is

formed in the sai dnCytddaeal diB0from aturdRiom 63: a u@hweqc;n@culllsﬁi St esel
engi ne as clalned in any preceding claim wherein the said engine has at

| east one dry i netufimitinegriup,t fiee eyld rRgeinddroBéad Ravirey iAghkanpddtaCing

peri pher al surPace fini shed by honing, and wherein a radially outwardly

recessed exhzust ports formed therein, the said exhaust ports communicating
with an exhaust manifold formed integrally in the said cylinder

S head.

10 2. A water-cooled diesel engine as claimed in claim 1, wherein
the said engine has a fuel injection device including at least one

injector unit.

3. A water-cooled diesel engine as claimed in claim 1 or claim
15 2, wherein the corner portion of the combustion chamber formed by
the said cylinder block and said cylinder head is rounded to have

an arcuate cross-section.

4. a waﬁer-cooled diesel engine as claimed in any of claims 1
20 to 3, wherein the said cylihder block and the said cflinder head

are provided with a continuous cooling water jacket.

5. A water-cooled dlesel engine as claimed in any preceding
cla‘m, wherein at least one cylindrical boss for the fuel

25 ln"ectzon nozzle is formed in the said cyllnder head.



v

5 honing relief portion is forned in an end poftidn of t he ‘i nner -
peri pheral surface of the said |iner adjacent to the end of the conbustion

chanber, whereby to avoid honing the material of*t‘th—tfyﬁ‘m:tE‘r—b‘l‘O‘Gk“ 10

7. I@A ‘Wwat er - cool ed di esel engine as clainmed in

whe n the conmbustion chanber forned by the cyli Zm’m iw mﬁm cyl i nder
block is a direct-injection type combustion chanb

wat er - cool ed di esel engine as claimed< 29ctaim®6 or claim7, wherein the
said dry liner is united with said cylinder block by casting and the end- of

said liner is positioned bel ow the rounded corner portion of the conbust wen
chamber and abo¥e t hé peksr-reriedcdigsied dengingngs tcéﬁlﬂleldngn @ny pasiceding i n t he

| i ner when 20 ositioned at top_ dead centre. A wat er - cool ed di esel
engi ne as cl ai rré’ aH‘r ’éfh?/‘edf‘e?é?dlsﬁgd Enging ‘\ﬁﬁe?"ellﬁai%é’“gaﬁrd tinesunqunadi f ol d
formed in the c e en.l |nt rfaeof sai d
conbined 25 ¢ yﬁ‘e’%ﬁ"'% gyﬂ%ni}ﬂ rt?l %k" {’}’ |§“"’ 8Fhed to the

bod f tb f
ody of an ou %@ﬁfl%oargf éxﬁxé:ll.nr?e, g'g%swthég in aArmtaﬁ %3%%%% sseec{'gI ne tor

use as a marine out _ |aIIy as reln escrlbed
with reference henflfrabiciNpiftion {1@cAm&P TR iehd ﬁi':"r@mxﬂgf-the inner

peripheral surface of the said liner adjacent to the end of the
combustion chamber, whereby to avoid honing the material of the

cylinder block.

10 7. A water-cooled diesel engine as claimed in any preceding
claim, wherein the combustion chamber formed by the cylinder head
and the cylinder block is a direct-injection type combustion

chamber.

15 8. A water-cooled diesel engine as claimed in claim 6 or claiﬁ
7, whgrein the said dry liner is united with said cylinder block

by casting and the end of said liner is positioned below the

rounded corner portion of the combustion chamber and above the o/

position occupied by the top ring on a piston in the liner when

20 positioned at top dead centre.

9. A water-cooled diesel engine as claime& in any preceding
claim, wherein the said exhaust manifold formeé in the cylindér
head has én outlet opeﬁiﬁg in the surface of said combined

25 cylinder head and cylinder block ;t which iﬁ is ﬁoinéd to the body

of an outboard motor.

-5
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10, A water-cooled diesel engine for use as a marine outboard
engine substantially as hereinbefore described with reference to

and ‘as shown in the accompanying drawings.




