; XYe3eKHL(t 26hT17 METHOD OF REPAI RI NG A CYLI NDER HEAD HAVI NG COOLI NG WATER

PASSAGES BACKGROUND OF THE I NVENTION 5 1. Field of the Invention The

present invention relates to a nethod of repairing a cylinder head of a

wat er cool i nternal conbustion engine, in particular) to a method
\h\@m\ﬁ\‘mroken portion within the cylinder head | ocated between a

COO|I assage and the conbustion chanber. |0 2. Deﬁﬁlérml %%'@3Of t he

Rel at ed ArCtOO‘W*Water cooling type internal conbustion engine al has

cool ing water passages fornmed within a cyI i nder head which defines in

itself a combustion chanmber for the engfne. It has been found that cracks,

ot her damage and even broken ,Portl ons_wWthin the C¥| inder head between the

cool i ng wat er passage and PMHETRBRSUS REBATRING S &Y KINDERMEQP 15 after a
| ong- peri od use of such inter g{, \C(‘P?@Ri RYRBasdfGES desirable to
or

repair, rather than replace, amage ro en port| ons. However, to nmake
repair of the broken portions of a cylinder head of an internal ‘”““’ ustion
engi ne a viable opti on, |t

i S rewred that the repairing pr
acconpl i shed eaBACGKGRY QR TEISHN PRat a danaged cyI in M@ ﬂ@ mmwm
restored to |ts o] i tate and 20 provide its predeterm nce
after repairingl heﬁi rsilﬂéerf """""

o8t of the present invention to provide a
novel and useful net hed ezenrs%msa H@QL&@toCayrhétﬁmtrﬂﬁﬁﬁcQI.yhﬂ&rh&Td%'fQ@!ner
conbusti on engi ne, so as to satisfy and meet the above Tequirenments. 25
SUMVARY OF THE tdWENTpERelm] @aibueie edgine, iapaueddas ameted oORp#tig adfrokdehe
present invention, the present 10 Aprll 2003 2 invention provides an
unproved net hodPgren vilpmine FYigdes heaghloqaigd Petivesar oplingrvatgipessigsanebabust i on
engi ne. The net hoq) (S:l%rm amsoes the steps of: cutting away the boundary walls

i ncl udi ng br okeﬁonﬁ)or S, preferably until the cut reaches a depth of

one- hal f thggcr ngeq‘éﬁgﬁémtﬁékamd aeol i ng wat er passage; fixing pipe
portions) preferably half-pipes each having 5 a sem circular cross section
which is equal in siZewtte oeﬂlekghmeflmtrhzécmmt@nseegmq '@nalbfha&ctwehngomqrng wat er
passage, in the cylinder head from h th _bounda ave been
partially r em)vB‘Hg/%FF 8"’?‘F'ﬂh"rﬂ’§‘ﬂ‘ agghager ?i °fips ‘ésﬁ(‘%/é‘\é\@’” LI'O“EE ‘H%HCT fopihe

portion may Ser yidOnfial eGPl cw,amls oqg,ﬁé%@aqe cFHhlofiicel GRS WAfn the
treatment. By virtue o he nmet hod accor di ng To the present invention, the
repair operati ocyliddr aeud bh@emnpbcmm@wﬂas;m&syoeamd &nelcombia ot chingiga wiloctire
cylinder head need only be cut away to a shallow depth. Further. at |east a
part of a cdel|i*&;frWéﬁerﬁ%ﬁjﬁé@fé"?%m*@?lrﬁé@bwoﬁ‘H’éanner surface of a
B i Pe naving 2 SqISLAH BreSl S35rRE LR | ARl BOKG polasl 2 1O
one-hal f the cross section of tHe coofin a“fesult, the
remai ni ng porti gaewefer, h&ﬂm&rrb;@ﬁrmlhemﬁﬁ&a@ﬁncﬁ@bh/zﬁ@hﬁc&r BeaWbﬂzﬁ) ifiterng@nsur e t hat
the cooling water passage is restored to its 15 original state. In this way
engi ne per f or masrebuption gaginet aidbePlioh itaciediga Hekthgyepiring m@ﬁwrae@mphshed
enbodi ment, prior.to the s pe in redet erm ned
position, a gui T RISV C%S; 'Fd ‘8“‘5‘&"“‘8&6 ﬂ‘ﬁ%‘i’lh‘fﬂﬁi%lg EESNRE 88 PR SUSMDr s to
t he correspoadl P viaon ;&r&ﬂte\‘v%&f POSSRCE W e form ng any cl earance
t herebetween) is inserted in the cool i ng water passage to be repaired. In
this way, the outer 2Us pestjghaitye geseftaoentoh tapguiddenoverdné nsefmynethed ofe as a
positioning nmenber. for positioning a pipe portion so that the half pipe may
be attached at HPUBIEBRAINISHETE PR WFPH CHRREIY Gane PRASIOSHEN BATEHEE easy
attachnment of eggh. %m{;eq_gmpalf pi pe portions. Mreover, when a half-pipe is
being fixed in position by neans of welding, the outer periphery surface of
a gui de nenber can serve to prevent nolten netal fromentering a cooling
wat er passage. 2§ BRI EF DESCRI P'I"/I ON QF THE DRAW NGS

25 SUMMARY OF THE INVENTION

To achieve the above-described object of the present invention, the present



10 April 2003 3 Fig. 1 is a cross sectional view of a part of a water
cooling type internal conbustion engine containing a cylinder head suitable
to be repaired by the nmethod according to one enbodi nent of the present
invention. Fig. 2 is an enlarged sectional view indicating an essenti al

part of the cylinder head 5 of Fig. 1 Fig. 3 is a top plane view indicating
the cylinder head of Fig. 1, when viewed fromthe conbustiqa,gﬁﬂ gg. Fig.
4 is a side viewindicating a half-pipe. Fig. 5is a front view of the half
pipe. 10 Fig. 6 is an explanatory view indicating one step of the nethod
-according to one enbodi nent of the presgnt invention. Fig. 7 is an

expl anatory view indicating one step of the nethod according to one

enbodi ment  of t HENHPERBYHes 2 it ved methe tpr ropairiag aevlipdep Pd 4t Yritepilew

ndi cating one sfeRuBl e, T5E A AGSRLELON I8 808,15 STDRILIRAL, Gl he

f
. . ¢om on 3
pr esent | nventl on. ?PI g Cr 0SS ec VI ew IFndicati n a’ parbt of a

cylinder head rgaaifsiol pbitgns BreRRAbly Ac@ K LuNGadnes LRPTORIMMBAL Ok t he
present invention. 20 Referri ng to Fig. 1, a water cooling type internal

conbusti on engi saetionnt thadeding watgt pasles: fiting aipe pdriiordeprethmblyg hit-gpowadidaom t he
cylinder 1, a piston 4 capable of reciprocati ng within the cylinder 1, a

C p )
combusti on chanbBFICECHUTHIRIFCIRP YIS BSAHPIAYYE 19 Onmbplit Precresy picHeR?t thead 2 and

t he piston 4, i o 1 ] j j i A hg.cgonbustion
chanber 3, and%ﬁ%%ﬁﬁg%igt%%@ﬁ%@ aﬁ%%ﬁ@@8§%%§3£ﬁ%g%§tﬁe

conbusti on chanpefalyemdvedliile maxieasish thadntinder @xthe@rds hilbpiptipitiddayGent tal
portion of the cylinder head 2. The cylinder head 2 contains a plurality of
cooling fluid passageding weiel napgssmlicerepairinpgrepmient 2003 passages) 7 each
having a circul ar crgss. sectjion and havin n_openi ng, 7a on the outer

S fage of (he eyl | ndgriaehomeBnuecs gt o RfE aition By PREPER PR ¢ ne
cylinder heag of,Bi &mpleted ISR aVi BWRHst bEQMelREyRRAIDLESE hQB oRPBIRRLw R, 10AS Can
be clearly seen fromFig. 3, 'the plurality of "cooling watefr passages 7 are
arranged t o extshalibw degdihalFliyheniat kRasna pdreotaydodlindevateb piserpe isFormed by thie snneNNer ,

the cooling fluid (the cooling water) flow ng through these cooli na% wat er
passages 7 cool ¥ripgef g hali-piprchiaVing & semcircplar Giess SecHepdrtribeaual it Hes te 881 THghswat er

passages 7 are foL ?&%P&‘ t?eOJOiO ' Jza[t‘ r%ﬁk@ao‘éf 5\5 SFJsﬁP tR hgﬁé‘ﬂnh?% Rl E]h%"" Ain
Fig. 1 fromthe outer surface of A cyli nder éad pri P10 T he
assenbl i ng of tdigingIPakdage RAG 3.guide to ensure that the cooling water passage is restored to its

15  original state. In this way engine performance is maintained.

In accordance with a preferred embodiment, prior to the step of fixing a half-pipe
in a predetermined position, a guide member having an outer periphery surface that
conforms to the corresponding cooling water passage without forming any c¢learance
therebetween, is inserted in the cooling water passage to be repaired. In this way, the outer

20 periphery surface of a guide member may serve as a positioning member for positioning a
pipe portion so that the half-pipe may be attached at a correct position with precision. This
step ensures easy attachment of each of the half-pipe portions. Moreover, when a half-pipe
is being tixed in position by means of welding, the outer periphery surface of a guide
member can serve 1o prevent molten metal from entering a cooling water passage.

25

BRIEF DESCRIPTION OF THE DRAWINGS



Referring. to Fig. 2, in the cylinder head 2, it has been found that a
boundary wall to B, |ocated between a cooling water passage 7 and the
conmbustion chanber 3, is |likely to be broken after a | ong period use of the
i nternal conbustion engine. The nost frequently occurring phenonenon is a
crack 12. In accordance with the present enbodi nent, a cylinder head ? (see
Fig. 3) having a plurality of cracks 12 corresponding to tqﬁd%l)rti@ |3ty of
cool ing water passages 7 nay be repaired according to a net to will be
described in is detail below To begin with, a damaged cylinder head ? is
-renoved fromthe cylinder 1. Then, as shown in Fig. 2) a boundary wall B
including a crack 12 is cut down to a halt depth of the cross section of a
cool ing water passage 7, with the of. a cu

wor ki ng | at he. Furthgrg “Sﬁ‘cfoﬁssealo@ e"hewoémgorgl Errz%e‘hqg“rmh H(‘P\erin crha F| g 2 an
area represent %n%%ntaye@u#arcermmné 4 8@inde h@BQMtablk & REepE8PMEH: mMRsEOVer,
according to the present enbodi nent’, when a plurality of ‘cracks 12 are to
be repaired at dchedisgiwent embgdingamt @tnhnnreuempm/remmmn between a circle Cl1 and a
circle C2 is renoved_therefrom as shown in Fig. 3. Once this annul ar
portion is removed, B& BRANPEAISYSEBPR! YIS ARSHFRINEIE GEFY AL e SulingFtiad he
cool i ng wat er passage surfaces 7b (see Fig. 9) each having a semcircul ar
cross section, 1sormed 25 on the inner surface 2a of the combustion
chanber 3 wit hin t herigyd & BERY pldie @dw Zndica@EAReyliRlcEhRl BDFY)1, FGerShAWMA bR Fi 0.
2, a guide nenber 9 is inserted fromthe 10 April 2003 5 opening 7a of
the cool i ng wattbs combsstimgehambemwardly to the interior of the cooling water
passage 7. This guidg nber. 9, as.sho n Fig 6 - 9, has an outer

peri phery surface 9a %o ‘FBF‘H%HF‘%“WC?‘H%?W@B%I ie, water passage ? without
form ng any cl earancg, is made of copper or brass.
Preferably, the gui dgi nséﬁglﬁoa%qu?tgﬁepggﬁgg of a material which is capable
of preventimg a nolt Big. 6 b@txpBbadry dRwandidatih@dne 8P af thOmethoSKcor@inglo dnkom
adhering to the surface thereof. Further, the guide menber 9 may be nmade of
either a solid Wadlepntazfﬁ’emw pwpeon Wth the w de rrenber 9 inserted in the
cool i ng water passagg h ‘ﬂa he og&l t gﬁ tsurface 9a
of the gui de menber °W| 'Isfm%xf?ag%é%%é'}g i %onérs 9BEMIG R 8 Watds, each
of the coolie, ¢Amb&ieMdSHRPRSen! inbdhtibd.eated in the follow ng manner. Nanely,
as shown in Fig. 8 a half-pipe 8 showmn in Figs. 4 and 5 is fixed within

t he groove 13 of theFleyﬁlﬁnm'aiplahfead vwhndiqrtegene ofep wethelinfprgodascérdiag t0TdnG
(Tungsten I nert ﬂ? aroglweldln MG (Metallic Inert Gas) arc wel ding or
submer ged afc gnt ohUhe RresHETYREONf 2 filler metal 10. Under this
condition, it i S Pr efer Ak erobhBliohdl & ieWahdia g Pﬁﬁrcﬁ{t‘l AR GediReREEL l%rtﬂf?d
after wel d| ng portions have been preheated to a tenperature of 10 150 C
wi th the use ofmeahogascopdiigwerone &mtoidinizal df1lgi ppae8 invespion bei ng fixed in
position as shown in Fig. 9, has a semcircular cross section which is as

| arge as the half of the cross section of a cool i ng water passage 7.
Therefore, as sk 3 > @f each half-pipe 8 is
20 the sane as ] 27, Further, each half

pi pe 8, as ghown in Eét&m@:o Has, @whtwbm]ow&peq,hema ceﬂu@dxontaaommcmesihh W
(see Fig. 3) of a groove 13. in this way, as shown in Fig. 6, a half pipe 8
i's mounted on takndei lde cylisddrdicad® sceuredsortthe eydivder 1uypistdnet @pbirofswipfaedngoa of

t he Gui de nenber.. 9,  whi.c evi o |nth r 3 At this
tinme, as shown ‘Y‘H““I’—‘P‘“gcyhg‘gr X\Bﬁecoﬁ‘h?fe‘f’“ éﬁp‘gﬁgxedp g‘?f%gf’ the ien %{qfa“g hﬁé gder gget her
with the 'S inngfq SilahRGRstds, 9h intRE &99 Hr Wak‘ﬁ@ta%xeqa!%§ﬁgﬁhe ZeonRydiod @

sem circul ar cross section, serve £ define a cool I Ng wat er passage ? upon
conpl eti on of tchambeepaind nmgmalmfpdrh(etoeevgxnm:w burde@ gAyitdm the2 0didbustidnithiniies way,
with the use of theﬂwde menber 9, it is sure that the halt-pipe 8 nay be

attached i n?pos¥ th"ef St‘HOTét‘S@’F‘eﬁ’F”é%&gé‘l?fr?emf“haqm@mfhh%ﬂwé 2 will be
accompl i shed wi th a”ﬂgr@ﬁ reé’ag‘?%éﬁz@%% L&lug'ﬂmé o] @gftﬁu adstiRs (30hng RaRF 8 1S

wel ded into the cyli




5 9a.of the guide nmenber 9 may serve to prevent nolten netal frominvading
into the cooling, water passage 7. Since the guide nenber 9 is nmade of a
copper or a brass, a material capable of preventing adhesion of nolten
netal to the surface thereof, the guide nenber 9 can be easily pulled out
of the cylinder head 2. Referring again to Figs. 4 and 5, in order to
obtain a higher welding strength, each 10 half-pipe 8 is pr6U§%ﬂ§@o 0 be
‘chanfered so that each end in its |ongitudinal direction ié f ith a
chanfer 8b and that each edge portion in its lateral direction has a
chanfer 8c. Preferably, the half-pipe 8 is nade of the sanme netal materi al
as the cylinder head 2. Alternatively,¥the halt-pipe 8 is made of a netal
materi al which has the same thernal 15 expansion coefficient as the
material for fEPYIZEY 7teReh heying metEmlapeaty SO BRSPS 72 WARKOWHI f - pi pe 8

may be nmade of a,.net at eri al ,hayi hi.gher. durability.. her.

mat eri al of thémEVT?ﬁh%gﬁﬁéaﬁmi?'E%t%?agﬁéﬁgﬁng‘%#%@*ékiﬁék%ggﬁga ?ached
to the cylinder HRadicded kbR 1@ULABUTBENRHLE 31 $s P Je@EaSDscabird FRE3. fiRMOVed
fromthe cooling water passage 7, and, as shown in Fig. 9, 20 the groove 13

is filled withphidilyet conib@aivatddpassages Grashearrangsdite eppand radialie wahin ghestlindss, it i s
preferred to perfqrnla_shot peering, For exanple, on the surface of a first
and a second | A58r- & thisRanpqry thegooling tyd (the ppaling k) ti},‘”“i%‘f@”&%ﬂ thesgEoiAgad 2
as a whole is intr ced | ; AL o ive an
anneal i ng trea?ﬁ%ﬁzgg%ﬁgH%Bg%Fggg@gP?%#éh@ﬁgyéﬂggﬁﬁgﬁyé?g&§5gggfforned to

grind the surf aaeuged 7 kb ®rintd byeorii@inahe dirbctivh sibwinte abls€oww A iRFQr 1 Méth g devi ce
such as a grinder, thereby rendering the inner surface 2a of the cylinder
head 2 to be r estowugeketothe cllipdybedd 2 @POB the assemblipg efdhe eptivgteaginaV t h t he use

of the nethod accordi .to the_present ,enbodi nent,. the cylinder, heag ? has
only to be cut off eﬁ%“@ﬁﬁ%ﬁp%ﬁﬁ@ﬁf Pd?ﬂgﬁgbg%?ﬁﬁﬁbgF%H%FH@?WQSEWP ng
operation tg bg ponp &t@&nswuhgwmmssa%é PMAGRSombidb i BhperS! RERILAGR Of

the cooling water passages is repaired to be restored to its original
state, there wetokeh diier nonaperiod nfean dreabireal chranges dagiowl gitte ntost ttdqeendool i ng
ef fect which should be provided by the cooling water passages.
occurring phenomenon is a crack 12. In accordance with the present embodiment, a
cylinder head 2 (see Fig. 3) having a plurality of cracks 12 corresponding to the plurality of
cooling water passages 7 may be repaired according to a method that will be described in
15 detail below.
To begin with, a damaged cylinder head 2 is removed from the cylinder 1. Then,
as shown in Fig. 2, a boundary wall B including a crack 12 is cut down to a half depth of
the cross section of a cooling water passage 7, with the use of a cutting machine such as a
working lathe. Further, in the present embodiment, as shown in Fig. 2, an area represented
20 by a broken line is about to be removed. Moreover, according to the present embodiment,
when a plurality of cracks 12 are to be repaired at the same time, an annular portion
between a circle C1 and a circle C2 is removed therefrom, as shown in Fig. 3. Once this
annular portion is removed, an annular groove 13 continuously connected with the cooling
water passage surfaces 7b (see Fig. 9) each having a semicircular cross section, is formed

25 on the inner surface 2a of the combustion chamber 3 within the cylinder head 2.

Second, preferably, as shown in Fig. 2, a guide member 9 is inserted from the



10 April 2003 WHAT IS CLAIMED IS In a fluid cooled internal conbustion
engi ne of the type that Includes a conbustion chanber, cooling fluid
passages having a circular cross section and a cylinder head that defines
part of the conbustion chanmber and includes boundary walls | ocated between
t he conbustion chanber and the cooling fluid passages, a nethod for

repai ring dammed portions of the boundary walls |ocated bejyagR| 663
“conbustion chanber and at | east one of the cooling fluid passages, Which
has a circular cross section, the nmethed conprising the steps of. cutting
.away the boundary walls of the cylinder head including the damred to
portions until ohdighaCHlol ihBGodiiBRG MESpadsaBEPInkvafly 10 RR-iMEhdr of Ihe c6dig Sagect i on of
the cooling fluid passage so that there is a remaining portion of the
cooling fluid passageThiiguidngembenl & sipiwmen Figab - Rass an seeripenpheylsartace Poss
section that is equal msize to one half the cross section of the cooling
fluid passage FHPRHEDIE VI HYSPOLIRE X@ICEBESIRAY VAROY! HTRINSSHY FlEfEdHf each hal f

pi pe nmay serve to f L:9=et her,w t i nin ontiaon of the 1
cooling fluid passagsre“,gPl a&‘%o%%r? i ﬁm&?%ig%ggéeggﬁrg#hg”?%{b??og‘“ﬁ%‘r‘“ ?"E’B‘éﬁ’réi ng

damaged por i oRSo@fed bhEmPeEIARLY iseagab® of fednash DR aSR:A hRh coMBNSkieN
chanber and at | east one of the cooking fluid passages according to claim

1, wherein bef or st hetaktoampadbéringitx iha gurtahethhmbt Foithe, thagdd menheedriver be whi ch
has an outer 20 perjphery surface that_cog&grns with the cooling fluid

passage w t houfPFoRlfitheg 2 AP e & IpHE PIPFre B SROAEY emEer RSt E e t he
| fluid ; I . - |, RE¢n he gt hod f
cooling Tiul 9&31%.‘?‘9?16{ Sasg‘ag% ?‘a?ﬁ%ﬂrg%va Y 1k RE eFéE!rllfthQJv Qs L%a of I8 ﬁﬂg od Tor

repai ri ng damaged portions oundary wa ocat e et wee t he

combust i on chama@berdnall 8¢ exdp8Ra in te@o®fe 18he cooling flui d passages according
to claim?2, wherein the outer periphery surface of each guide nenber is
formed of adonetal netfervals. tdchof thecoolipgwiter assagas dusintaleddn idfdlsvion of a

nolten netal to said surface. The. nethod for repairing, d ed portions of
he boundary vaPFE"| NG DRYREGHE & TGTATH S hSB08 R HE CRTIEPTBR Enanber
and at |east 0pgoQf 13l d1ehec9flaRyd 3 b HeNASEAKER: REFABENGudRef R Gasy
wherein the outer periphefy surface of each guide nenber I's forned of
copper or a br assvelding, MG (Metalliomen Gpgiard widdistasragieskr gudratd walding fvith ke uboundar y
wal | s | ocated between ) o i ] )
of a filler metal 10. Under this condition, it is preferable that the welding operation be
15 performed after welding portions have been preheated to a temperature of 100 - 150 °C
with the use of a gas burner.
Each half-pipe 8, upon being fixed in position as shown in Fig. 9, has a
semicircular cross section which is as large as the half of the cross section of a cooling
water passage 7. Therefore. as shown in Fig. 5, the inner surface 8a of each half-pipe 8 is
20 the same as the half of a cooling water passage 7. Further, each half-pipe §, as shown in
Fig. 6, has a length which is equal to the width W (see Fig. 3) of a groove 13. In this way,
as shown in Fig. 6, a half-pipe 8 is mounted on the guide member 9 so as to cover up the
outer surface 9a of the guide member 9, which was previously exposed in the groove 13.
At this time, as shown in Fig. 9, the inner surface 8a of the half-pipe 8, together with the

25 inner surface 7b of the cooling water passage 7 having a semicircular cross section, serve to

define a cooling water passage 7 upon completion of the repairing of the engine.



t he conbustion chanber and at | east one of the cooling fluid passages
according to claiml1l, wherein each half-pipe is fixed to the cylinder head
by neans of wel ding and wherein each half-pipe is forned with chanfer
portions on its end and edge areas. 6. The nethod for repairing danaged
portions of the boundary walls | ocated between 10 the conbusti on chanber
and at | east one of the cooling fluid passages accordi ng t?O‘Apﬁ; ED@S
"wherein each half-pipe is fixed to the cylinder head by neans

adj acent portions of the half-pipe and cylinder head and wherein the
.portions to be welded are preheated prioreto the step of welding the
halt-pipe in the cylinder head. 15 7. The nethod for repairing damaged
portions of the bounqu?{ s R \!th hOERLLthe RELVEERL: DS & AP AL hORuCHADRE, and
at least one of the cooling fluid passages according to claim®6, wherein
the portions tobbatiseiddeshstivewph epeateesd ahdthar suenpactatedr eillof akB@plishdd50 C. 8.
The nmethod for repairing damaged portions of the boundary walls | ocated

bet ween 20 the e8pbusipraysd adsader and at Ieast one of the cooling fluid
passages according t or, d of the sane
material as the cyli ﬂ:&gberh &4 me%l?’rﬁ#’ﬁ% !O [5 aE‘r1der gea%angeoudcrﬁbrf‘"ﬁ ons of
the boundary swabj §r (hO&RdGEREI VRE PR ﬁwmﬁﬁsnle%epahmﬁwamlam EaRL one
of the cooling fluid passages according to claim1, 25 wherein the naferial
form ng the cyl wadepastaigad Sias e puidedembentl inmddd diercoprder engpams iaomtcaef f i ci ent
and durability and the half pipe is made of a netal material that has the
same thermal exfRAYs W‘@G%‘F‘Elaétieélﬁ% ofgRoliehBeiFHP b safface irioh dherdiide aympider

head, and has a_hi |I| material form ng the cylinder
head. 30 10. InC%b\?vgg coo |nt LP'ﬁ'gIhreztchg’rrbust| on engine of the type that

includes a 10 Apri IRe?eOfQB a:LQn EOFIBUS hid®) inchiddr e shtaif O Bbhdd g ckilnbiseknp@ssiages
and a cylinder head that defines part et the conbustion chamber and

i ncl udes boUﬁdahglf-Med § is ptefrorad @cbetyéttmfereﬁsq thet cadrrod St ilsdengiidtinabdrecténds t he
cooling fluid p es, dfor rin d portjo of t
boundary wal | s ? ’H‘ ‘b%t’ Rb "l”ﬂéhaé |p8‘ﬁ‘%8 pyralrgetigp rt}‘fsé‘afgi"’“té’)rne of

the cooling flugd 5 passages, the net hod conprising the steps of: cutting
away t he boundary wal I s of the cylinder head including the damaged portions
so that there is a r@mderbly)ghealt-pipoR isafiadt bethe amleinngn! nhwstial apas spigexr héadxi ng a
pi pe portion to_the cylinder head so that an inner surface of each pe
portion may serveAtgnftigelmthe BHwingdrs fadept f metal mHeishhigh e Hheistme 'Bfm’t"ﬁe
cooling fluid p 0 I h for
Fopai ring ddmpoinaricohfaf B bB KR SAAd e e 1 Go POt

each half-pipe 8 may be made of a metal material having a higher durability than the

ng

material of the cylinder head 2.
After each half-pipe 8 has been attached to the cylinder head 2, the guide member
§ is pulled so as to be removed from the cooling water passage 7, and, as shown in Fig. 9,
20  the groove 13 is filled with filler metal 11. In order 1o remove a welding stress, it is
preferred to perform a shot peening, for example, on the surface of a first and a second
layer of the filler metal.
Subsequently, the cylinder head 2 as a whole is introduced into an annealing
furnace so as to receive an annealing treatment. Then, a final finishing treatment is
25 performed to grind the surface of the filler metal 11 with the use of a grinding device such

as a grinder, thereby rendering the inner surface 2a of the cylinder head 2 to be restored to



t he conbustion chanber and at | east one of the cooling fluid passages
according to claim 10, wherein before the step of fixing the pipe portion,
a gui de nenber) which has an outer 15 periphery surface that conforns with
the cooling fluid passage without form ng any cl earance therebetween, is
inserted in the cooling fluid passage to forma guide for the pipe port
ion. 12. The nethod for repairing damaged portions of the ngqﬂﬂ galls
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WHAT IS CLAIMED 1S~

1 In a fluid cooled internal combustion engine of the type that includes a combustion
chamber, cooling fluid passages having a circular cross section and a cylinder head that
5  defines part of the combustion chamber and includes boundary walls located between the
combustion chamber and the cooling fluid passages. a method for repairing damaged
portions of the boundary walls located between the combustion chamber and at least one of
the cooling fluid passages, which has a circular cross section, the method comprising the steps of.
cutting away the boundary walls of the cylinder head including the damaged
10 portions until the cutting reaches a depth of one-halt the cross section of the cooling tluid
passage so that there is a remaining portion of the cooling fluid passage;
fixing a half-pipe that has a semicircular cross section that is equal n size to one-
half the cross section of the cooling fluid passage to the cylinder head so that an inner
surface of each half-pipe may serve to form, together with the remaining portion of the

15 cooling fluid passage, a cooling tluid passage.

2. The method for repairing damaged portions of the boundary walls located between
the combustion chamber and at least one of the coohing fluid passages according to claim 1,
wherein before the step of fixing the half-pipe, a guide member, which has an outer

20 periphery surface that conforms with the cooling fluid passage without forming any
clearance therebetween, is inserted in the cooling fluid passage to form a guide for the half-

pipe.

3. The method for repairing damaged portions of the boundary walls located between
25 the combustion chamber and at least one of the cooling fluid passages according to claim 2,
wherein the outer periphery surface of each guide member is tormed of a metal material

that is capable of preventing adhesion of a molten metal 1o said surface.

4. The method for repairing damaged portions of the boundary walls located between
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the combustion chamber and at least one of the cooling tluid passages according to ¢laim 2.

wherein the outer periphery surface of each guide member is formed ot copper or a brass

5. The method for repairing damaged portions of the boundary walls located between
5 the combustion chamber and at least one of the cooling fluid passages according to claim 1,
wherein each half-pipe is fixed to the cylinder head by means of welding and wherein each

half-pipe is formed with chamfer portions on its end and edge areas.

6. The method for repairing damaged portions of the boundary walls located between

10 the combustion chamber and at least one of the cooling fluid passages according to ¢laim 1,
wherein each half-pipe is fixed to the cylinder head by means of welding adjacent portions
of the half-pipe and cylinder head and wherein the portions to be welded are preheated

prior to the step of welding the halt-pipe in the cylinder head.

s 7 The method for repairing damaged portions of the boundary walls located between
the combustion chamber and at least one of the cooling fluid passages according to claim 6,

wherein the portions to be welded are preheated to a temperature of 100 - 150 °C.

8. The method for repairing damaged portions of the boundary walls located between
20  the combustion chamber and at least one of the cooling fluid passages according to claim 1,

wherein the half-pipe is formed of the same material as the cylinder head.

9. The method for repairing damaged portions of the boundary walls located between
the combustion chamber and at least one of the cooling fluid passages according to claim 1,
25  wherein the material forming the cylinder head has a predetermined thermal expansion
coefficient and durability and the half-pipe is made of a metal material that has the same
thermal expansion coefticient as the material forming the cylinder head, and has a higher

durability than the material forming the cylinder head.

30 10 In a water cooled internal combustion engine of the type that includes a



109 ()-Y Y(C109&' ()-Y & 10%&' ()-Y % 10%&' ()-_/z//0}00000dYNC! 10 10 10Y
6MLOY& () - SF4@ 109%&' ()-Y 210%& ()-Y 0109%&" () -

, 1 109&' ()-001ML22222xnbCl "sz109B& ()- 10-u 10-u 10-u310% u& ()-gl0% u& ()-F
10% u& ()-"sz10% u& () -

22. 333/ 44dEnbC! &310%&' () - 109B&’ () - &109B&' () - 3109B& () 9109B& ()-gl0vB& () -4
75559666dEMCI Y 109B& ()-109B&' ()-1-109B&' ()-z109B&' ( 1 il 2003

109B& () - &3109B& () - 67n778t 88dENDC! y) 10%B& () @10%3&' ) & 8%%[ (2)

%OYBE ()-#109B&' ()- 109B& ()-899+:{:|:}:~ _@"g10% ()- 10B 10B
10BS5109%B&’ () - S2S109B& () - OMLOYB&: () -/! - 10%35&' ()-S:::C;:l<dEj _@

109 ()-3 &109%& ()- t10%& ()- f10%&:'0)-3

&10%&' ()-s10%& ()-1<<@==3>>a?j @! S'- 10%& ()-@ @ 0% ()- 10%& ()-

109 ()-!S- 10%geTphust@n chaggs. egde@@meﬁi @lmaoeaﬂ@m&dqumsamrt ct the

combustion chamber and includes boundary walls located between the combustion chamber
and the cooling fluid passages, a method for repairing damagzed portions of the boundary

walls located between the combustion chamber and at least one of the cooling fluid

wy

passages, the method comprising the steps of:

cutting away the boundary walls of the cylinder head including the damaged
portions so that there is a remaining portion of the cooling fluid passage:

fixing a pipe portion to the cylinder head so that an inner surface of each pipe
portion may serve to form, together with the remaining portion of the cooling fluid passage,

10  acooling fluid passage.

11. The method for repairing damaged portions of the boundary walls located between
the combustion chamber and at least one of the cooling fluid passages according to claim
10, wherein before the step of fixing the pipe portion, 2 guide member, which has an outer
15 periphery surtace that conforms with the cooling fluid passage without forming any
clearance therebetween, is inserted in the cooling tluid passage to form a guide for the pipe

portion.

12. The method for repairing damaged portions of the boundary walls localed between
20  the combustion chamber and at least one of the cooling fluid passages according to claim
11, wherein the outer periphery surface of each guide member is formed of a metal material

that is capable of preventing adhesion of a molten metal to said surface.

13. The method for repairing damaged portions of the boundary walls located between
25 the combustion chamber and at least one of the cooling fluid passages according to claim
11, wherein the outer periphery surface of each guide member is formed of copper or a

brass.

14. The method for repairing damaged portions of the boundary walis located between

30  the combustion chamber and at least one of the cooling fluid passages according to claim
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10, wherein each pipe portion is fixed to the cylinder head by means of welding and

wherein each pipe portion is formed with chamfer portions on its end and edge areas.



