1 5 JUL 2005 | NTERBORE COOLI NG SYSTEM Field of the Invention This! & JUL 2005
invention relates to inprovenents in cooling systens of a water-cool ed _
engi ne and preferably, though not exclusively, to a cooling systemto cool
the wupper regions of an interbore bridgg of such an engi ne. Background to
the Invention The narrow structure between two cylinders of a cylinder

bl ock is known as the interinFERBOREECOOLINGSESTESD t her mal
concentration. This region has high surface to volune ratio, and easily be
overheated if exposed to high heat 10 sources. Heat sources can come from
conmbustion wthin the cylinders, and also fromthe friction between the

pi ston assenbly an L & tlhi der .wall. Problens are likely to occur once the
surface terrperatE‘“g—%ﬁg%—g‘?ﬁ?e e nder wall at the interbore bridge reaches
180. At that tenperature lubrication oil, especially mneral oil, wll
experi ence perfg&hﬁd@@‘ﬂ’é’?éﬂ%ﬁsa‘?i‘W?vamoﬁ"‘)&ﬂlﬁ%ﬁﬁtﬁnﬁ 9€ 3 Yater-serledn oi |
may cause friction between the piston and the cylinder wall to increase
significantly. Téngnavund prsgusidyothhugh petobdchisiveludh a casling systeax dovpdad, thei st on
scuffing, and excessive wear of the cylinder wall and piston rings. 20
Cylinder bl ocks umsterapiomlafahintsibord bridi@wd sacldard éd. probl ens once the

t enperature exceeds 220C. At that tenperature and above, the alumnum1 5
JUL 2005 2

Background to the Invention

The narrow structure between two cylinders of a cylinder block is known as
the interbore bridge. It has a high thermal concentration. This region has high
surface to volume ratio, and easily be overheated if exposed to high heat
10 sources. Heat sources can come from combustion within the cylinders, and

also from the friction between the piston assembly and cylinder wail.

. Problems are likely to occur once the surface temperature of the cylinder wall
at the interbore bridge reaches 180°., At that temperature lubrication oil,
especially mineral oil, will experience performance deterioration.
Deterioration in the lubrication oil may cause friction between the piston and
the cylinder wall to increase significantly. This will cause other problems such
as, for example, piston scuffing, and excessive wear of the cylinder wall and
piston rings.

20
Cylinder blocks made of aluminum will have additional problems once the

temperature exceeds.220°C. At that temperature and above, the aluminum



weakens. Excessive bore distortion due to a thermally weakened strhd wiig, 2005
and thermal expansion, can be problematic to overall engine functionality.
High thermal |oading can al so cause the structure to lose its original
properties once the netal tenperature i back to normal. In order to
overcone interbore overheating, many types of interbore cooling systens

have been proposedakeas! kticesgive boradibiokioS@w 16 thérindlipavdaRBheaUWiiieRee, agd
doubl e saw cuts in the top surface, one on each side of the water 10

passage; 3) crossaegmar éﬁﬂaﬂﬁoﬁ,aé&a&e?rofbléﬁﬁﬂtitc% c{;%li}iéls ﬁg{l% @1«8&9&3@@2?% ore

di aneter extending fromeach end of the inter er
passages; and 5) t . reated by using a.glass core. Each system
has its own advaﬁ?ﬁrg@sﬁgﬁﬁg g?@g 3%% S§g}§% ?’U'}{ﬁli%r?éo g(?sg I%&ﬂgm BFORGEHSS0CE o
consi der before ghoosi ntg an F‘f)arti Ci.(lﬂ ar design, and one particular design
may work on one S5&R§'R mﬁfﬂ\é re 51936k to Bgahot necessarily on others. 20 It
is now a conmon practice that the one engine bl ock can be used for many

di fferent applications. For sone applications, the block is used for nass

production engines of relatively | ow performance as well as |[imted
production 1 5 Julod@0® o@erenge mesrbofe bighedtianf AlaARRgRss of interbore cooling

systems have been proposed including:

1) a full saw cut in the top surface;
2) double saw cuts in the top surface, one on each side of the water
10 passage;
3) crossed-drilled passages from the top surface of stepped bore diameter
extending from each end of the interbore bridge;
4} cast water passages; and

5) a water passage created by using a glass core.

- Each system has its own advantages and disadvantages. There are many
~ parameters to consider before choosing any particulaf design, and one
particuiar design may work on one specific application, and nof necessarily on
others.
20
It is now a common practice that the one engine block can be used for many
different applications. For some applications, the block is used for mass

production engines of relatively low performance as well as limited production



General |y, both maintain the maxi mum conmonal ty of engine parts. Thel afily 2005
parts that are conpletely different fromone to another may be intake and
exhaust systens, and canshafts. To ensure the sanme cylinder block can be
used for high and | ow performance engings with mnor nodification, a
cylinder block with cylinder liners is one possible option. However, a

hi gh per f or manceegiighsE higpbrfRadde. | Nt erbore cooling systemto cool the
interbore bridge. On the other hand, a | ower power output engi ne nay not

require interbore cooling. 10 One nust therefore consider several options
for interbore cooling. Cast water passages and cross-drilled passages are

often rejected f X |le, .an 8 nm interbore brjdge has the

l'i ner-al uni num ?ﬁﬁ‘éefﬁb'r ?’Bﬁg@ﬁ‘éﬁtﬂm @%Wmﬁl‘ﬁ%ﬁ% i SRHEdsrtss Theenhet al
between the two liners is not enough to have a cast water passage, and

i nsufficient forPEEJSAL ae; @qr@ﬂeﬁséss%eféwltt@orpa@@ tohamaildr. meyther intake ambl i ng
options like a full saw cut, double saw cuts, and glass core are, however,
avai | abl e. A f uldxhgestysyatems, sndicarabhafissed for cylinder blocks with |iners.
The machining process is quite sinple, except that the casting process 20
nmust be accurate or 100% ultrasound is required in order to avoid inproper

| oad or damage to the saw during nmachining. Another problemwth a full saw

cut is sealing i i 3 i ki ccur
because 15 0L 3005 e N RS sTERAD A, TSR obith a8 Bl Bgnfts

Zieg![ 'O::]?I onlvbir go?/l%&%llnép ﬁét%grﬁ%?%mf&ﬁa %pl,s a tc?l?ntie?tb?orciovrvﬁh l()*,gr -ir(ljc%g lf%glgs its)oorn%
possible option. However, a high performance engine requires an interbore
cooling system to cool the interbore bridge. On the other hand, a lower power
output engine may not require interbore cooling.

10
One must therefore consider several options for interbore cooling. Cast water
passages and cross-drilled passages are often rejected as, for example, an 8 mm
interbore bridge has the liner-aluminum-liner arrangement of 2-4-2 mm. The

thickness of the metal between the two liners is not enough to have a cast water

passage, and insufficient for cross-drilled passages to pass through.

Interbore cooling options like a full saw cut, double saw cuts, and glass core
are, however, available. A full saw cut is widely used for cylinder blocks with
liners. The machining process is quite simple, except that the casting process
20 must be accurate or 100% ultrasound is required in order to avoid improper
load or damage to the saw during machining. Another problem with a full saw

cut is sealing as it requires expensive gaskets. Leaking can also occur because




engi ne running due to thermal and mechanical |oading. Wth doubl e k&w]gut g5
both sides of the interbore bridge are saw cut in order to bring water

flow closer to the hottest spot at the center of the interbore bridge. The
cylinder head is also machined in order to link the water flow fromthe saw
cuts at the cylinder block. This design requires |ong machining tines,

especially with 1 i f i_ng | ass, core .has
been proposed astﬂinfogég%ldgg?tggj? Q@g%\%&l{gﬁfequ?%g g‘%’geg Sgéeiﬁl\ﬁéelr\{ﬁ)tr%ge% L
|l i ners. The proc ' t. yet i oductjon. . The, 10 cess is also
expensi ve, and rrug% k né t@?rlfl%ﬁ?%;e @5%?&11 eborejstogions s E%&% to Qegr dggng

hi gh-speed water jet to renpve it. Froma Conputer Aided Engineering
result, it has bERHNGBRBIGdvedo theamal and mechanispl loadinge top region of the
interbore bridge is the hottest region, and covers about 40% of the piston
ring travel path. Heat flux starts to reduce dramatically after about 40%
of the piston stroke. Therefore, cross-drilled passages are not at the

hottest part of With doubkrdaor @itbottgsidanst thd aftebeleritlge afolaw Ldtidblder to
effective in providing the cooling where it is required. Furthernore, they

require conpl ex i W%ﬁﬂb%l&se?]ﬁp%%o%stgg#[ AR cQﬁ&r @ftlbg ﬂ%erngoe d!grsd S 15

therefore the principal object of the pre i nventri on rovi

JUL 2005 5 int i £ o . wat L.ed_engjnes, t i d
el atively hign | evermagell BXehEminRLn G o JRRAT iR PoR e o Boki s

and tinme. Summary of the | nvention
clits” at 'the cylinder 'bf())ck. This design requires long machining times,

especially with the cylinder head.

The option of using a glass core has been proposed as it can create a water
passage between the cylinder liners. The process is not yet in production. The
10 process is also expensive, and must be strictly controlled. The glass core

requires a high-speed water jet to remove it.

From a Computer Aided Engineering result, it has been determined that the
center of the top region of the interbore bridge is the hottest region, and covers
about 40% of the piston ring travel path. Heat flux starts to reduce
dramatically after about 40% of the piston stroke. Therefore, cross-drilled
passages are not at the hottest part of the interbore bridge and therefore are not
totally effective in providing the cooling where it is required. Furthermore,
they require complex and relatively expensive drilling operations.
20

It is therefore the principal object of the present invention to provide an



5 Wth the above and other objects in mnd, the present invention PEO%UﬁeﬂNS
a cooling systemfor cooling an interbore bridge of a cylinder block“or a
wat er cool ed engine, the interbore bridge having a top surface and a
central region of mninmmw dth; the cylinder block having a water jacket;
the cooling systemincluding a pair of water 10 passages each extendi ng
fromthe top of the interbore bridge in, at or adjacent the central region
to the waterjacket, the water passages nots crossing each other, the water

passages eachinksbdie coblimposysicnn fordiAseidledbidifed teprovidengiditivelyehightieve
jacket including two flat surfaces through which each of the water

passages 'passof dobind With a r&lbtiveRCIow frodidion @bs@lanti@nidle wat er passages. 15
Preferably, the water passages are at an included angle to a vertical axis

of the central region, the included angle being | ess than 90, preferably
from3 to 30, nore preferably from5 to 25, or being 5 or 25. 20

Advant ageous| guminBg; s IneBhtigh aneter of each water passage preferably
being in the range of 1 nmto 3mm nore preferably being 2mm More

advant agegusl y, the water passages are not stepped and are fornmed by a
drilling process which does not include a stepped drilling process. 25 1 5

JUL 2005 6 'Wopnh fHeettk dndVdthér dhjeds fiPmirfl, M presentanteritioR PRévidd 08 leooling
| adderfrane or bedfranme including the above cooling system |n another
aspect, the Ry@eRIYor LEMRGHnaRePEN ibHiEge of BRYMRIr Block oF B vidlePéodIER 8hgiRBE
the interbore bridge having a top surféce and a central region of fninimum width; the
cylinder block- having a water jacket; the cooling systemi including a pair of wa-ter.
10 passages each extending from the top of the interbéré'b'ridge-in, at or adjacent the
central region to the waterjacket, the water passages not crossing each other; the
water passages each being of constant diameter along their Fength; the water jacket
including two flat surfaces through. which each of the water passages pass, the flat
surfaces being normal to the water passages. |
15
Preferably, the water passages are at an 'inciuded. angle to a vertical axis of the |
- central regibn, the included angle being less than 96"-, preferably from 3’“%' to 30°,

“more preferably from 5° to:25° or being 5% or 25°.

20  Advantageously, the constant diameter of each water pass-age preferably be'ing. in

the range of 1mm to 3mm, more preferably being 2mm.

More advantageously, the water passages are not stepped and are formed by a
drilling process which does not include a stepped drilling process.

25



5 cool ing passage in a cylinder block to cool an interbore bri dge,1 005
theinterbore bridge having a top surface and the cylinder bl ock ha@i#é]‘az
wat er jacket; the method including the steps of drifting a pair of water
passages each extending fromthe top surface in, at or adjacent each side
of a central region having mnimnumw dth, to the water jacket; the
drilling being such that the water passages do not cross each 10 other, and
each wat er passage being of constant dianeter along its |length; and

form ng tw fTaé mesdnhdmsention tae vakdtes tp ax kogiindeh binogh lasdkiedianeaoh betifrahe

wat er passages pass, the flat surface being normal to the water passages.

Advant ageousl! inclutiing thatbovepasdiagegstane at an i ncl uded ‘angle to a vertical
axis of 15 the central region, the included angle being | ess than 90,
preferably 3 to 300, nore preferably 5 to 25; or it nmay be 5 or 25.
Preferably, the constant dianmeter of each water passage nore preferably -

measuring i n henhotlengspett, epreser ifdention PRyvides 2 MEthoOofNBIMGing 28 st o,
the water passages are not stepped and are drilled wthout using a stepped
drilling procesting pabsabidlin 208findef blstkRO:06I i intdrbore Britigedthavihtegsore bridgeer
that the invention nmay be readily understood and put into practical

effect, therensig b topveurtacd eser ihbegylindenbicl thabimg- & iwateajdcket; e midtRo@n! y
preferred enbodi nents of the present invention, the description being with

reference to ihdlading tenstepy ongrilling 8 plalr F wateriaashggseadh atériing fromuthe tdpi s a
pl an view of part of a cylinder block with a first formof the
surface in, at or adjacent each side of a central region having mirimurm width, to the
water jacket; the drilling being such that the water passages do not cross each
10  other, and each water passage bei-ng of constant diameter along its fength; and
- forming two fiat surfaces on the water jacket through which each of the water

passages pass, the flat surface being normal to the water passages.

Advantageously, the water passages are at an included angle to a vertical axis of
15  the central region, the included angle being less than 90°, preferably 3° to 30°, more

preferably 5% to 25% or it may be 57 or 25°.

' Preferablf,? tﬁe .eonstant' diameter of Ieach water ﬁasé'agé more preferably
measuring inthe range of tmm to 3mm; or may be 2mm.
20
More preferably, the water passages are not stepped and are drilled without usiﬁg a

stepped drilling. procesé.



present invention; Figure 2 is a vertical cross-section along thﬁ 5'5[51_5 ﬁﬁﬁl
inthe direction of arrows 2-2 on Figure 1; Figure 3 is a view
corresponding to Figure 1 but of a second formof the present invention;
and Figure 4 is a view corresponding to Eigure 2 but of the second form
Description of preferred enbodi nent Figure 1 and 2 show angled drilled

passages 12 jgn Cﬂegd}?]@lbn%k%r;&in#he 10 passage 12 not crossing each

ot her. The bl ock as a number bores 24 each having 2mm liner 14.
After the drille 12 are made,, there is still . 5mm of netal and
2mm of liner r errgrf ﬁf%ﬁgﬁ%?%%t‘%@ﬁ% Wyab%m'?pﬁ}' r‘l’i"ﬂﬂﬁﬂooﬁé’gﬁé}u‘[dﬁl@tlﬂf’wQ% gap
wi Il provide for adequate sealing. Head bolt holes 26 and water jacket
openi ngs 28 are Fﬁ%ﬁ%’ @’é’fﬁ shadl new 1 desrribadnbyy ey oft morplimiteides axamplasmliyinm of
nmetal between a water jacket 16 and each |liner 14, the closest the water
jacket 16 can geprefesrethembatimiental ofastiespi2@nofintehtion,cthnt descrifBionf béihe with
interbore bridge 20 is about 12nm As can be seen, the top 38 1 5 JUL 2005
8 of the passagemférencedp @eecoinpanyignilivetrdiBe-drivi@gs BOWRRKOT hi ghest heat
20 concentration. However, they may be at or in tﬁe central region 18. In
Figure 2, the waterfgjpgek h S i f | to
wat er passages 12. ISI' gl%sﬁsf%}glgh ?6&?ggpglfg{%\%gﬁé&¥lbg?kgﬁgﬁj?? %tgaﬁ?roggié{’g

ensure the dill bi ik the original direction, and to reduce the
| i kel yhood of dama é?ﬁ%gﬁﬁeé Wort tool life. The surfaces 30 extend the

wat er jacket 16 towards the . .
J Vﬁgure 21s a vertical cross-section along the lines and in the direction of

arrows 2-2 on Figure 1;
Figure 3 is a view corresponding to Figure 1 but of a second form of the
present invention; and

Figure 4 is a view corresponding to Figure 2 but of the second form.

Description of preferred embodiment

Figure 1 and 2 show angled drilled passages 12 in cylinder block 10, the
10 passage 12 not crossing each other. The block 10 has a number of bores 24
each having 2mm liner 14. After the drilled passages 12 are made, there is still
2.5mm of metal and 2mm of liner remaining. Together with a 4mm minimum
gasket width, the gap will provide for adequate sealing. Head bolt holes 26 and

water jacket openings 28 are provided, as is normal.

In order to provide at least 4mm of metal between a water jacket 16 and each
liner 14, the closest the water jacket 16 can get to the vertical axis 22 of the

centre 18 of the interbore bridge 20 is about {2mm. As can be seen, the top 38



vertical axis 22. It is showm in Figures 3 and 4, wthout the quessjﬂfHHME
the water jacket 16 can be extended further towards the center 18:
Assum ng a mnimum of 4nm of netal to the cylinder wall surface, the water
j acket 16 can be as close as about 1 | to the vertical axis 22. The
angled drilled passages 12 cool the center of the interbore bridge by

bringi ng the coolange fiQu §i§'é¥§&-{eﬁ§ m@gc_%hpgexgq hlaerecgg&{ & @%heeehf?{a% the

10 greatest heat concentration ocate n order tobring e coolant as
close as possible to the center 18 the sma)ler the diameter of the
passages 12§r?r)lean ORfRra lﬂnoggcf’w?‘ﬁwhﬁwy&aiglpﬂée‘E?@Fff‘ ce08 1§ t he
interbore bridge 20. Taking into account machining feasibility, a drill of
1 to 3mm preferably 2nm is used. Therefore, the previous |ong materi al
removal process at the cylinder head can be replaced with two sinple

drill ed passageslmPigusi hghe watar-istieppéds extendedrtg prevideessrfice 3 Nanphssages
of relatively constant dianeter along their length. These passages 12 w ||
be connected wi tvatehpassugesangiae spass 3065 reddively fldtend idredidee2RQRsur? the
cylinder block 10. In this way, the coolant will pass through the passages

sain the cylingarviblagkinlfc 8AginaY biodsh, herg Ao | St ddripaieed to
the cylinder 20 hez;d \i\’ﬁ&gr ?acglet. Igassa’ges ﬁg%ee t?%\?%%lgg?%d&véétrﬁ he
wat er jacket corg, t hi s ..\way e ) s 34.are created ring.the
casting of the b éicih%fo_ oﬁ'll{&éé?egr(})l?es,ug%‘geﬁl B’&S%%gbesw 15T Eetdfgfjlt?‘@%.ds ?’}Puee
cylinder block water jd%gégt 16 is nodified to provide the flat surface 30
normal to the drioied r passages 12. For this reason, the draft split
l'i ne

It is shown in Figures 3 and 4, without the liners 14, the water jacket 16 can be
extended further towards the center 18. Assuming a minimum of 4mm of
metal to the cylinder wall surface, the water jacket 16 can be as close as about

I1mm to the vertical axis 22.

The angled drilled passages 12 cool the center of the interbore bridge by
bringing the coolant flow as close as possible to the center 18, where the
10 greatest heat concentration is located. In order to bring the coolant as close as
possible to the center 18, the smaller the diameter of the passages 12 means the
closer they will be to the center 18 of the interbore bridge 20. Taking into
account machining feasibility, a drill of 1 to 3mm, preferably 2mm, is used.
Therefore, the previous long material removal process at the cylinder head can
be replaced with twoe simple drilled passages 12 using a non-stepped drilling
process to give passages of relatively éonstant diameter along their length.

These passages 12 will be connected with the two angled passages 34 of the



starts at a plane close to where the drill is to penetrate. By dqigglﬂf, 05
the water |jacket 16 is brought closer to the center in order to codl ﬁg
area not covered by the drill depth. The invention is suitable for
cylinder blocks 10 with unlined bores 24 and also cylinder blocks 10 with
liners 14. However, the use of angled drilled passages 12 is advantageous

for cylinder bl ocklid&rMiddh 10, N8R %ﬁl?/, E-FLI IcBolafit \%ﬁ?f&ég ?’ég@ tpﬁggéslggg ﬁblinl Ity

is not restricted by the placenent o ners 14. ol1'ng

performance is d ' i _Di. askef . width. 10 t he of her

hand, the use of?$$%g#@g€%g¥%&gggg%ﬂégﬁgkgmfwﬁﬁgﬁggeg&m&@@%?FH@ﬂcgﬁPiace 32
of the boresﬁ)éll, ?lnd the wa erIPi acket_ 16 and the passages 12. Therefore,
the passages™U12 M&H} walshiackets Fassgesadare infperaied v the wates dadketcoradnithisy

gi ving about 20-30C tenperature reduction for a cylinder block 10 wth
liners 14. 1 5 JvRyAopassags 34 aaswawil dunieg i castidg bbhedl@k, 1( hEhdreate,
transfer is better because alum num has a higher heat transfer coefficient

conpared to the oalytpassages 11 medsiliéd. The use of parent nmetal bores 24
represents a 20-30C reduction over a cylinder 20 block 10 with liners 14.
Therefore, the addition of the passages 12 will further |ower the

t enperature by another 20-30C. Conpared to other fornms of interbore

cooling, the pas$gges); . il e t hod of . ufacturi ng., . By

using a non- st epped %lgllgq%f F’ﬁ’giﬁ@% g ?t?ré@t%%&ﬁg‘{l g? pf)oé’é%g@@ﬁaifu{fﬂ%@ Wil

depth is mnim Zgoqina??cg tk%r gr?lllle%t \I:vgtrc]er %gssstagesa{?_e. For this reason, the draft split line
starts at a plane close to where the drill is to penetrate. By doing so, the water

Jacket 16 is brought closer to the center in order to cool the area not covered by

the drill depth.

The invention is suitable for cylinder blocks 10 with unlined bores 24 and also
cylinder blocks 10 with liners 14. However, the use of angled drilled passages
12 is advantageous for cylinder block 10 with liners 14. This is because the
cooling ability is not restricted by the placement of liners 14. Instead, the
cooling performance is determined by the minimum gasket width.
10

On the other hand, the use of liners 14 lowers the heat transfer betwéen the
surface 32 of the bore 24, and the water jacket 16 and the passages 12.
Therefore, the passages 12 represent a significant improvement in cooling
ability giving about 20-30°C temperature .reduction for a cylinder block 10

with liners 14.



Iomered; The machining time will be relatively short because a vag-jjés
drill can be used to drill the passages 12. This elimnates the 'née 02%%

special shape to be created during casting, which would require a plane
normal to the passages 12 to be presentl?or the drill to penetrate.
Furthernore, a single drill bit is used for each passage, not a plurality

of drill bits of IickéesPie ilftes bfes 3, th heh bl OB bbASE RATRAGES:

Furthernore, extensive mlling is also avol so al ding ere ion
in production co i there h een described in the foreqqi
description pref 2%?35‘%5%%% tr;‘Jra@\(zlrsi % Cgéﬂ?fﬁe&pﬁ?’@@ﬁ‘!{l ?‘? ﬂ\‘/‘éﬁ‘?ti %R L?‘frsanai |1 h5e
under st ood by those gki | | ed I&’g 10 éhe t echnol ogé that many variations on
modi fi cations i n eCaPPSbeEioges 6 rawessnis i £-3A° Gragdustonmyer aicyHoder
departing fromthe present invention. 1 5 JUL 2005 11 The Clainms 1. A
cool i ng systdhm f blockdIwidlylinersildt ditistferebitiediddition of theypassepes 1D Iwali Kuahiera
wat er cool ed engine, the interbore bridge having a top surface and a 5
central region ofowdrnhaemperattre;bytdnetleyd-3der. bl ock having a water jacket;
the cooling systemincluding a pair of water passages each extending from
the top of the interbore bridge in, at or adjacent each side of the

central region, to the water jacket, the water passages not crossing each

Cengt h: the. vt ovrBaRar e ar s B paR i RheclE Tt pithen o
tpggs\z,i\gfag.r passags%%p?ea%%thoh QS’ ntlalmalll ac%l?rggécﬁgsf uls)i%ig rllgnorll'fsrtgl%ledtd?'ilItir?gep;,ov?:fesesrfor
the water passages 12 the drill depth is minimized, and production costs are
lowered. The machining tim¢ will be relatively short because a five-axis drill
can be used to drill the passages 12. This eliminates the need for a special
shape to be created during casting, which would require a plane normal to the
passages 12 to be present for the drill to penetrate. Furthermore, a single drill
bit is used for each passage, not a plurality of drill bits of different sizes as is

used with cross-drilled passages. Furthermore, extensive milling is also

avoided, also aiding the reduction in production costs.

Whilst there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those skilled in
10 the technology that many variations on modifications in details of design or

construction may be made without departing from the present invention.



2. A cooling systemas clained in claim1l, wherein the water pasls%gﬁ@ aﬁﬂ%
15 at an included angle to a vertical axis of the central region, ¥t L J

i ncluded angle being less than 90. 3. A cooling systemas clainmed in claim
2, wherein the included angle is in the range of from3 to 300. 20 4. A
cooling systemas claimed in claim2, wherléin the included angle is in the
range of from F&eteaPs 5 A cooling systemas clained in claim2, wherein
the included angle is 25 selected fromthe list conprising 5to 25. 15
JUL 2005 12 6. A cooling systemas clainmed in any one of clainms | to 5,
wherein the constant diameter is in the range of 1 mnmto 3mm 7. A cooling
system as cl ai fed i M &9RjingrRystem tor spaling an wteborgeidee rof rheylinderckinek eha
dianeter is 2mm 8. A cooling systemas clainmed in any one of clainms 1 to
7, wherein each watwaterp engigenibe bteshperechridge 'sving adop iswfasy sinsira
according to any one of clainms | to 8 included in a cylinder block,

| adder f r ames or bedplcanieal region of misimue védth therdyhindertblackdevingrrewateojacket;
passage in a cylinder block to cool an interbore bridge, the interbore

bri dge having a topthrusecliog system Igluding g\paimefewater peisaussieaghaextending

j acket; the nethod including the steps of drilling a pair of water passages
each extending fronfremethedpp iiithexdderbore bridge in, at or adjacent each side of the

central region, to the water jacket, the water passages not crossing each
other; the water passages each being of constant diameter along their
10 length; the water jacket including two flat surfaces through which each of

the water passages pass, the flat surfaces being normal to the water

passages.

2. A cooling system as claimed in claim 1, wherein the water passages are

15 at an included angle to a vertical axis of the central region, the included
angle being less than 90°.

3. A cooling system as claimed in claim 2, wherein the included angle is in

the ran'gér of from 3° to 30°.
20
4. A cooling- system as claimed in claim 2, wherein the included angle is in

the range of from 5° to 25°.

5. A cooling system as claimed in claim 2, wherein the included angle is

25 selected from the list comprising 5° to 25°.



In, at or adjacent each side of a central region having m ni num V\delﬂg{ﬂﬁﬁ
the water jacket; the drilling being such that the water passagés

cross each other, and each water passage being of constant dianeter 20
along its length; and formng two flat surfaces on the water jacket

t hrough whi ch each of the water passages pass, the flat surface being
normal to the Water Aexdingsystemias Tlaimekinh cahyodnec bhdlaime0] toude mbieneinitbewat er
passages are at an included 25 angle to a vertical axis of the central
regi on, the includedonstghtalidmetegis indvsranpanf O@m to Inm@UL 2005 13 12. The
method as clained in claim1l, wherein the included angle is in the range
of from3 to 301. 13. The nethod as clainmed in claim1l, wherein the
included angle is in the 5 range of from5 to 25. 14. The nethod as
clainmed in claifm 11A odolingisysteheas midimdd dn anylopei of clamsetted, vherin like | i st
conprisi.ng 5 and 25. 10 15. The nethod as clained in any one of clainms 10
to 14, wher®in the comsiattaimmeteawednam. is in the range of 1 nmto 3mm 16.
The nethod as clainmed in any one of clainms 10 to 14, wherein the constant
dianmeter is 2nm 15 17. A nmethod as clainmed in any one of clains 10 to 16,
wherein each water passage is drilled wthout using a stepped drilling
process. 8. A cooling system as claimed in any one of claims 1 to 7, wherein each

water passage is not stepped.

10 9 A cooling system according to any one of claims 1 to 8 included in a

cylinder block, ladderframe or bedplate.

10. A method of forming at least one cooling passage in a cylinder block to

cool an interbore bridge, the interbore bridge having a top surface and

15 the cylinder block having a water jacket; the method including the steps
of drilling a pair of water passages each extending from the top surface

in, at or adjacent each side of a central region having minimum width, to

the water jacket; the drilling being such that the water passages do not

cross each other, and each water passage being of constant diameter

20 along its fength; and forming two flat surfaces on the water jacket
through which each of the water passages pass, the flat surface being

normal to the water passages.

11. The method of claim 10, wherein the water passages are at an included
25 angle to a vertical axis of the central region, the included angle being

less than 909.




18. A cooling systemformed by the nethod of any one of clains iOS tm %Eﬂ#o
included in a cylinder block, |adderframe or bedframe. Abstrac 1$Le e

Cool ing System A cooling systemfor cooling an interbore bridge of a
cylinder block of a water cooled engine, the interbore bridge having a top
surface and a central region of mninmmwdth; the cylinder block having a
wat er jacket; tiBe cdékimetheyss elximédhinl dalimgl b wherein e indluded prgle dgsstheach
extending fromthe top of the interbore bridge in, at or adjacent each
side of the central rangg dfritom 3° told°wat er j acket, the water passages not
crossing each other; the water passages each being of constant dianeter
along their length; the water jacket including two flat surfaces through
whi ch each of the water passages pass, the flat surfaces being normal to

t he wat er passages. The metthod astlaimedringainhe1,celwreinghs yredueled aangte & ioythender

bl ock so formed, are also disclosed. Figure 2
5 range of from 5° to 25°.

14. The method as claimed in claim 11, wherein the included angle is

selected from the list comprising 5° and 25°.

10 15. The method as claimed in any one of claims 10 to 14, wherein the

constant diameter is in the range of 1mm to 3mm.

16.  The method as claimed in any one of claims 10 to 14, wherein the
constant diameter is 2mm.

15

17. A method as claimed in any one of claims 10 to 16, wherein each water

passage is drilled without using a stepped drilling process.

18. A cooling system formed by the method. of any one of claims 10.to 17

20 included in a cylinder block, ladderframe or bedframe.





