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 umserepiosdafan inteibord bridigwe sacldid égp@d. probl ens once the
t enperature exceeds 220C. At that tenperature and above, the al um num

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



1 5 JUL 2005 2 weakens. Excessive bore distortion due to a thermal 1% JUL 2005
weakened structure, and thermal expansion, can be problenmatic to overall
engi ne functionality. High thermal |oading can also cause the structure to
| ose its original properties once the metal tenperature is back to normal.
In order to overcone interbore overheating, many types of interbore cooling
systens have beemwepkapodadedsivelbott digiortlon dueftdlal ther@]i§Ubeak EnddnBrut@ibe, SHAT ace;
2) double 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% @&ﬁy&a&ﬁif %\%%FO re

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

In order to overcome interbore overheating, many types 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



production engines of relatively |ow performance as well as linmted 5 JUL 2005
production 1 5 JUL 2005 3 engines of high performance. Cenerally, both

mai ntai n the maxi rum commonal ty of engine parts. The only 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

hi gh and | ow per ¢ginBRERigheNfor@andd t h m nor nodification, a cylinder block
with cylinder liners is one possible option. However, a high perfornmance

engi ne requires an interbore cooling systemto cool the interbore bridge.
On the other hand, a | ower power output engine may not require interbore

cooling. 10 One st therefore consider, several options for interbore
cool i ng. Cast vva{ig eralb’ai@&b‘@@‘“ﬁﬂﬂ?jt ISR ?9‘%‘6‘%&%’5‘&&@51“&@“@% lén opbj ect ed
as, for exanple, an 8 mm interbore bridge has the liner-alum numliner

arrangenment of 2Rt thpiareTepmpletsly KifEsentofromnhenentst aothest meg rbet ingakewand i ner s

is not enough to have a cast water passage, and insufficient for
cross-drilled pasxbagtsyteonpasd cimsloifigh. | nterbore cooling options like a
full saw cut, double saw cuts, and glass core are, however, available. A
full saw cut is wdely used for cylinder blocks with I|iners. The machining
process is quite sinple, except that the casting process 20 nust be

accurate or 100%gidshRSANNEmSylifG TGSk d W G8H 5OnK Und 1608 hance
engines with minor modification, a cylinder block with cylinder liners is one
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




| oad or danmge to the saw during nachi nii ng. Another problemwi th af BuljULs 2085
cut is sealing as it requires expensive gaskets. Leaking can al so occur

because 1 5 JUL 2005 4 the opening at the top deck requires proper
seal i ng. Moreover, the opening weakens Qhe i nterbore bridge and bore
distortion is likely to occur during engine running due to thermal and

mechani cal | oadi A I i of,the interbor.e
bri dge are saw CF}% ?ﬁr?%@dgfﬂl’?ﬁpggﬁg ﬁ?@%%&é\%&%ﬁ%ée&otr%)vf:ﬁgh%gpf%lgtg spot
at the center of i r.oor.e bridge. The cylinder_ h is al so machi ned
in order to Iinkvﬁeaigen\?va%grm FORKP fl]rgi%‘et Uy AIRIgEton, s ﬁﬁ‘?ﬂyc,t?l‘?cﬁﬂérduﬁpgck.
This design requires |ong chining times, especially with the cylinder
head. The opti one?ﬁ‘n‘i@'\nﬁ@gg‘{iuﬁlt‘ég?r@élr@dﬁé%chbé@hl lpadippsed as it can create a
wat er passage between the cylinder liners. The process is not yet in
production. The 10 process is al so expensive, and nust be strictly
controlled. The glass core requires a high-speed water jet to renove it.

From a Conput er Witedbublgdamears, bgt sided df thé In_té}ﬁ&ehﬁﬁlge% &kNted ofdidto t he
center of the top region of the interbore bridge is the hottest region, and

covers about 408:0f whiBEfIBiNSUAR Edﬂﬂ}fo?‘l@ t g L i§ideQ
reduce dramati calrlcg; after abou{ 40% o %&h Op)iﬂst?%ﬁ&‘g r%t{(tég Ea)rgféf%%c%eg,e'
cross-drilled ppgs n he hottest part. of the interbore bridge
and therefore are ngt a?@{egiillssélse?%%@%lp mi‘ﬁg?)rr%@'i“%iﬂﬁ%w Tt‘?éﬁ%’(rﬁq‘ﬂgh%ﬁé‘fe it
i ired. Further e, .. )

IS require urcuts a{mtﬁe cylinder block. 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



they require conplex and relatively expensive drilling operations.]%prL mm5
therefore the principal object of the present invention to provide an 5
JUL 2005 5 interbore cooling systemfor water cooled engines to provide a
relatively high level of cooling with a relatively | ow production costs

and tinme. Summary of the Invention 5 Wth the above and other objects in

m nd, the present invention provides a cooling systemfor cooling an

i nterbore bridge of a cylinder block of aswater cool ed engine, the

i nterbore briwpgebdra\tobkhgisystin fofaAscouisll andigey toaprovigei Hrelativelyi MigRUGVe
wi dth; the cylinder block having a water jacket; the cooling system

including a pefidoofg With &Feld/apABRGIOSuUCtan RosKAAGHRY from the top of the
interbore bridge in, at or adjacent the central region to the waterjacket,

t he wat er passages not crossing each other, the water passages each being
of constant dianmeter along their length; the water jacket including two

flat surfacesgihmatddt tdinkBntt@ch of the water passages pass, the flat
surfaces being normal to the water 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,

more pref er aliith tHeP4Bove ldhdZtherObbjE@Ss MImmd thelBresent invention provides a cooling
system for cooling an interbore bridge of a cylinder block of a water cooled engine,
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 9_6“-, preferably from 3“%‘ to 399,

“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



20 Advantageously, the constant diameter of each water passage prqurjwﬂqum
being in the range of 1 nmto 3mm nore preferably being 2mm More

advant ageousl 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 The present invention also relates to a cylinder bl ock,

| adderfrane or bedfrane including the above cooling system |n another
aspect, the present invention provides a nethod of formng at | east one 5
cool i ng passa@he ipresent \ihventien didcociatts to aolcylanier mlcekb tideefandger bedframe
theinterbore bridge having a top surface and the cylinder block having a

wat er j acket ; includingehdé above cadlinglsygernhe 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 ot her, and

each wat er pamsagthdreispgctothecoresémivivenitionmpi®ided! D A@gthddsofl fomiihg at st one
formng two flat surfaces on the water jacket through which each of the

wat er  passagemling passdgednid glindarnticukeokobngn iMsrbtde Brizigehthevibtetdorp aBiggees -
Advant ageously; the water passages are at an included angle to a verti cal
axis of 15 theavirgnartep sueficorandt the dyliadsrdpidcRnavingbgiviigert ReRet! s ndéthod
preferably 3 to 300, nore preferably 5 to 25; or it may be 5 or 25. '
Preferably, tiheuding feagiepsiofdntliny a phirof datergiRsagassaicatiendingfrémeaha by
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.



measuring in the range of 1Immto 3mm or may be 2nm_ 20 More pref»legagléy,
the water passages are not stepped and are drilled w thout using’'a lep%gg%
drilling process. 1 5 JUL 2005 7 20 Description of the drawi ngs In order
that the invention may be readily understood and put into practical

effect, there shall now be described by way of non-limtative exanple only

preferred enfpodi REGSSE oF R BLEREQL 1 nvention, the description being with
ref erence to the acconpanyi ng rustrative drawings in which: Figure 1 is a

pl an view of par f cyl.inder block wth g.first formqf the resent

i nvention; Figur }en grdiegtl}fx\}h? el 1°‘&#’6@“ﬁ’%é@?i§5h‘ﬂ§?féﬁ?§dtf’ﬂa 1yt el &ﬁﬁ“ﬁaﬂ t he
direction of arrgws 2-2 on Figure 1; Figure 3 is a view corresponding to
Figure 1 but of %‘%%Céc i lnnQY bendescpbedsbn tvay efepan-bimitatiyri erimple ondy | s a
vi ew corresponding to Figure 2 but of the second form Description of
preferred enbodi preferreli grabalimentsdof2thehprascan ghedtioln,i the edbspistamgbang Avitn
cylinder block 10, the 10 passage 12 not crossing each other. The block 10

has a nunber of Rkfsraxecdd theeaebmpayingilRemithicnRiwihgs irhigh: the drilled
passages 12 are nade, there is still

Figure 1 is a plan view of part of a cylinder block with a first form of the

present invention;

Figure 2 is 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



2.5mm of netal and 2mm of |iner remaining. Together with a 4mm m']nSnW 20%
gasket width, the gap will provide for adequate sealing. Head bott*h 1es g

and water jacket openings 28 are provided, as is normal. In order to
provide at |east 4mm of netal between a water jacket 16 and each |iner 14,
the closest the water jacket 16 can get to the vertical axis 22 of the

centre 18 of the ot therbRkRebris il e ARAKL HOMne SelfaN dRenRRER. ndpe top

38 1 5 JUL 2005 8 of e passages Is adjacent the cen e region

of hi ghest t 20 concentration., However, they nmay be at or in the
central regi}hgfl1 lg?ncleﬂtr%fod’u owever,hey mag pe ‘&Ik‘ﬁhefé’%fr@l rgﬁ‘PEﬁéed to provide

a surface 30 normal to water passages 12. The surface 30 is relatively
flat and is required to ensure the dill bit stays in the original
direction, and to reduce the |ikelyhood of danage, and short tool life.
The surfaces 30 bxbignw 2,Hbe waterjaglkac ketis dGendedao gsovidea swdadei Inhoranal So 22.
It is shown in Figures 3 and 4, without the liners 14, the water jacket 16

can be extendedwhist piseigdsABATHS stirfte GO Bflathly MESHATNGqdirdd 0 HdiieQhe 4MM
of netal to the cylinder wall surface, the water jacket 16 can be as cl ose

as about 1 I mm &q t4 A% G 22 T, ' i; F]aﬁs 12
cool the center %19 %lﬂﬁa%lsﬁi? eﬂrl%gbgﬁ%lr ?‘éﬁ%‘“ﬁygﬁb@%gﬁg“% Hiéélgg% ant(?%?%vf\:f as

cConcentrat i on 1 sdoetfof AR ongAur ORI s b BERI SR [F Binngs me

vertical axis 22,

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



possible to the center 18, the smaller the dianeter of the passaqe$ @5@2
nmeans the closer they will be to the center 18 of the interbore bri g%ﬁ

Taking into account nmachining feasibility, a drill of 1 to 3nm preferably
2mm is used. Therefore, the previous I qng naterial renpval process at the
cylinder head can be replaced with two sinple drilled passages 12 using a

- st d drillg gl ' t ant.
i anet et al ong thOT T enon . FRaRe R Re So0HRh ﬁﬁ’liﬁf “ﬁé‘;%ﬁﬁaﬁg%%%%ﬂ%‘é’kﬁ the
t | ed JUL 2005 . 9 i ndeg 10. | [
. e cool ant s 11rSELbE dala Syl Read inCikics Behshged i s ufndstoc

way,

10 and cylinger head and. | terP be distributed to the cylinder 20 head

wat er j acket? Pad§ ‘é@tefsﬁcg?te PHPESH 4k @8 infeenated vaithite avatqrardket carerla thisn
this way the passages 34 are created during the casting of the block 10.
Therefore, onlyvddbapessages 34raee dicatet eliring ke casting) dfthetlaukki aTlerefors k et
16 is nodified to provide the flat surface 30 normal to the drilled water

passages 12. For otlyimassagestiharetdiifiedr aft 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 al s9pe e¥fildad I : | iners 14, ¢ ver, t use of
angl ed drilled pas%a%es ?goclizs‘g%%saan eat\sfeﬁt)%s&l?@ w‘i)}? Pﬁ’d’él_%m%?% ngg‘?ﬁ ?@

liners 14. This Ill(ssnn%?%c? Seedltil?e% water passages 12. 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.



cooling ability is not restricted by the placenent of liners 14. 1I gsiﬁfég
the cooling performance is determ ned by the m ni num gasket w dt'h: 03
t he other hand, the use of liners 14 |owers the heat transfer between the
surface 32 of the bore 24, and the water ;jacket 16 and the passages 12.

Therefore, the passages 12 represent a significant inprovenment in cooling

ability giving abauhse28r 813 t I
Wth |Tners 1. 178500 2005 mep YRS ZE EPluRlict B b Yol MRS ARG oo

anet o, 15 Dol ks DORHRS AL ALY Mo ARDRS SRl SRS B o

conpared to the cas
represents a 20-30C eductl on e cyI i nder 20 bI ock 10 with liners 14.
Therefore, the adfff Bﬁrer “’telt?éotf% G érasentyi 3 LOBATE meductippwaer alwglinder

terrperature by anot her 20-30C. Co ared to other forns of interbore

cool i ng, the*bas$laskd O1with liperedén(Thsrefeienthleaddition of thef passages 42 willifagherBy
using a non-stepped drilling process for the water passages 12 the drill
depth is m ni m zédyeranuteprpechtatibyranotist 30-30¢C. | ower ed. The machining tine
will be relatively short because a five-axis drill can be used to drill

t he passages 12. This elimnates the need for a special shape to be
created during casting, which would require a plane nornal to the passages

12 to be present chRipalelSodhbe fithsPENEhEBLE: ¢ olﬁng hﬁlrenge{sgages I e%lreeseﬁjtral |

simple method of manufacturing. By using a non-stepped drilling process for
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.



bit is used for each passage, not a plurality of drill bits of deijEné -
sizes as is wused with cross-drilled passages. Furthernore, exte éi g

mlling is also avoided, also aiding the reduction in production costs.

Whi | st there has been described in the foregoing description preferred
enbodi ments of the present invention, it Vtll be understood by those
skilled in 10 HeLBBnol ogy that many variations on nodifications in
details of design or construction nay be made w thout departing fromthe
present invention. 1 5 JUL 2005 11 The Clains 1. A cooling systemfor
cooling an interbore bridge of a cylinder block of a water cool ed engine,
the interbore Bridgeé Reslinggystetroler soelingcan mirfbere Widgernf magylindeyi Mlaclobf a

m ni rum wi dt h; the cylinder block having a water jacket; the cooling system
including a pair of Weigreeoglers eagjee, dacihtesikererkiidgg havinenatthe sudpcefandche
interbore bridge in, at or adjacent each side of the central region, to
the water jacket, tsenifgitregionabminiasmydth thesyiinder sk haginger wateh jacket; er
passages each being of constant diameter along their 10 |l ength; the water

j acket including twhe cerling gystese ndudingugpaithdfcaten pasegestéashveuntending
passages pass, the flat surfaces being normal to the water passages. 2. A
cool i ng system as cfraimnibg tep of ithe mtarborghbriddenint at onadiacensgashoside af dhe 15 at
an included angle to a vertical axis of the central region, the included

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°.



angl e being |l ess than 90. 3. A cooling systemas clainmed in clai n512 2005
wherein the included angle is in the range of from3 to 300. 2(3 _JL}L
cooling systemas clainmed in claim2, wherein the included angle is in the
range of from50 to 25. 5. A cooling systemas clainmed in claim?2, wherein
the included angle is 25 selected fromth2 list conprising 5to 25. 15
JUL 2005 12 686. A cdoteaigg systeanasislaimed ine danynorengf daimsot telbaiwherginttbes,
wherein the constant dianmeter is in the range of 1 mmto 3mnm 7. A cooling
system as cl ai ned i soastgniati@meter i inithesrange of Smmilesinenn t he 5 constant
dianeter is 2mm 8. A cooling systemas clainmed in any one of clains 1 to
7, wherein each water passage is not stepped. 10 9. A cooling system
according to any one of claims | to 8 included in a cylinder block,

| adder frame or 7bedplrataaling Gystamres letadmed i anyiong daftcldimast tobhewbeddin ribe
passage in a cylinder block to cool an interbore bridge, the interbore

bri dge havihg a topcenstérdciaretdr isZnmhe cyl i nder bl ock having a water

j acket; the nmethod including the steps of drilling a pair of water passages

each extending fromthe top surface

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.




in, at or adjacent each side of a central region having mninu i di h,
the water jacket; the drilling being such that the water passagig d’ytﬁgb[%

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

t hrough which each of the water passages pass, the flat surface being
normal to the wWater Thegsethed as tlaimethin akimhotl, ethergimihe includechangle is irhthenat er
passages are at an included 25 angle to a vertical axis of the central
regi on, the incl udedargegifdropedhtg 3ess than 90. 1 5 JUL 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 method as
clained in claittn 11 Theimestbdchas blaiment inuclaich ahglieerein the #loholeddnglois inHbel i st
conprising 5 and 25. 10 15. The nethod as clainmed in any one of clainms 10
to 14, wher®in the ragesiffom Sfita@SPer is in the range of 1 nmto 3mm 16.
The nethod as clainmed in any one of clainms 10 to 14, wherein the constant

dianeter is 2mm 15

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.



17. A nethod as clained in any one of clains 10 to 16, wherein ﬁaghmtzlﬁ
passage is drilled without using a stepped drilling process. 18. I ﬁifb

system forned by the nethod of any one of clainms 10 to 17 20 included in a
cylinder block, |adderfrane or bedframe. Abstract |Interbore Cooling '
System A cooling systemfor cooling an ifdferbore bridge of a cylinder

bi ock of a wat &PStr@gol ed engi ne, the interbore bridge having a top surface
and a central region of mninmumw dth; the cylinder block having a water
j acket; the cooling system including a pair of water passages each
extending fromthe top of the interbore bridge in, at or adjacent each

si de of the ceH!tﬁ@Pfﬁ‘g@?ftm,S}tStﬁmhe wat er jacket, 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
the wat er passégeslingsysemdar geolingran imterbore lrisigeiaig eyfistenblodndf a water nder
bl ock so fornmed, are also disclosed. Figure 2

cooled engine, the interbore bridge having a top surface and a central region of
minimum width; the cylinder block having a wétér jacket; the cooling system
including a pair of water passages each extending from the top of the interbore
bridge in, at or adjacent each side of the ceniral region, to the water jacket, the

10  water passages not crossing each other; the water passages each being of
constant diameter along their length; the water jacket including two flat surfaces
through which each of the water passages pass, the flat surfaces being ﬁormal
to the waier passages. A method of formil_'tg the cooling system, and a cylinder
block so formed, are also disclosed.

i5

Figure 2



