2271521 2271521 RECO\IDI TI ONI NG ENG NE PARTS The present invention rel ates
to-the reconditioning of engi ne parts and particularly but _not_exclusively
to the reconditioni ng of pistons and val ve spindl es used | @r rTla |1es
Pistons used in marine engines naturally suffer wear and t'€ar_durlng use.

A particular type of wear is to tkelgrooves of the pi QEETWIP@]W

I ntended to carry piston rings. War of these grooves causes th p

rings to become slack and can be acco -anled b cracks appear|no
General ly, the top crown and®&k§ ~ LN RISt on wi ILE
bur nt . At this point, the pi ston rrust be d| scarded and r Op/oeX
repaired. The known repair procedure involves the follow ng
The 'worn grooves are nachi ned together with the burnt side and top crown of
the piston Thtov\nprmntsomexﬁam rmlaates n o eptheat i pecodditiwhingA dfe

penet r ant c@?@ﬁdes BAFERCCRAN! Pl iy 2kt | nde! SEc1bLGEIPS bese

| ocat ed have been t oroug ur| he machi ni ng process.
piston is tF@condEkioning rﬁafchli’h%t%? dRRg U§|1N§ SRR | BAgA i@ dP’ﬁE)lne
techni que senigisest.he piston grooves and the crown and sides of the piston
are conpletely coated with weld material. |In this regard, reference is
made to Figure 1 which illustrates a piston 1 having a crown 2 and a side
3. The pi st Pisdions hasegrot'uvemactin'a"leemti.desatnat'aranyi rsliffeedwepr and

reference n I F t :
(1 Ted withogry GEpifiS SRUT | i chl 4 SeFEROVE HhBato BLCLEY the
only part@&zooyes fpf| dehe [Pr1§r3'-|°é1rrsw hﬁ? are ehEBGﬁ@G@ecF‘HuFPH@YV\B?’eﬁW

sugh_as cragkngal, t hWedpt o&M EneSET g&f&WCéﬁﬁﬁaN ecHl Saktiopn. rOnge tHe
pi ston has been rebu [ t. with, weld, h? I s _machi ned.t %lts Ol‘i{gl nal size.

Thi's i ncl udB8CPMRachAPRg Ftn ot ( R ' dcciipanzea’ by *Erdekd 'sppedfing.
Generally, the top crown and annular surface of the piston

will also be burnt. At this point, the piston must be
discarded and replaced or’ i‘epaired. The ‘known repair
procedure involves the following steps. The worn grooves

are machined together with the burnt side and top crown of

. the piston down to sound base metal in preparation for
weld. A dye penetrant check is carried out to ensure that

all defects which have been 1located have been thoroughly
removed during the machining process. The piston is then
rebuilt by machine welding using a conventional welding

: technique so that the piston grooves and the crown and sides
Nt of the piston are completely coated with weld méterial. In
this regard, reference is made to Figure 1 which illustrates

a piston 1 having a crown 2 and a side 3. The piston also

has grooves 4. The weld material is indicated by reference
numeral 5. As shown in Figure 1, the grooves are completély

filled with weld metal. On certain types of piston if the
grooves are only ©partially filled problems may Dbe
encountered during welding such as cracks at the bottom

corner and unacceptable distortion.

Once the piston has been rebuilt with weld, it is machined
to its original size. This includes remachining each of the
grooves- to’ ‘their desired dimensions. While this process
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groovgi to theg gresi red di mensi ons. Wiile this process CERTIESEQ
TRUE CGPY prgarA el | reconditioned piston, it is time consum.ng and
wast ef ul : | al . Al'though it varies wth piston type an ]
size, on ayefad OWNEh of 28mMm of weld nmetal is to be renpved from eac
groobe. A *sf:"u' i ng the working 3uwfaces of the grooves are chrone f
plated. This 1nvolves the masking of the crown top, side and inner bore o
the piston prior to inmersion of the piston in a plating tank. The presgntf
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finely f %ﬁﬁ?d beam of el ectrons produced by an € ctr b 4
narr ow, 8%ep ‘wel d between two netal surfaces. The technlque i s dgscrl e
for exanple in an article by P.J. Blakely "Electron beam wel di ng: sone
SYFEE£Eh | Id|n Institute Research Bulletin in

queStlonqw %&1 pHbeﬁFggn %eeri: a %qu%% # 5?6 difficulties
May 1983 Electron eam we can st |

by providing a new met od of recondltlonlng engine parts.

~
According to the present inventibn there is provided a
method of reconditioning an engine part comprising at 1least
an annular surface which has been worn, the method
comprisin§ the steps of: _

machining the worn surface so that it is substantially
flat;

placing an annular repair “part adjacent sa1d ‘annular
surface; _

welding said repair part to said annular surface by
electron beam welding; and

machining -a working surface of the repair part to
dimensions corresponding to that desired in the engine part. et

Electron beam welding is a welding techmque which uses a-
finely focused beam of electrons produced by an electron gun
to form a narrow, deep weld between two metal: surfaces. The
technique is described for example in an article by P.J.
Blakely "Electron beam welding: some questions answered"
pPublished in the Welding Institute Research Bulletin in May
1983. Electron beam welding can be used to facilitate
welding of most hardened or work strengthened metals and
produces a weld with a high depth to width ratio. In
particular, it can be used to weld steels, inclﬁaing'
stainless steel, titanium and nickel alloys. The technique
has the advantages of having a low heat input, negligible
distortion and shrinkage and a narrow heat-affected zone.
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advance
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te reqU|re he grooves are chrone

around ademmeyelded into place. : .nally, the inner surfaces of the

rings are machined to bring the grooves back to their
original dimensions. If the rings which are inserted
already bring the grooves back to their original dimension,
no further machining step is required. It is possible to
utilise rings the working surface of which are already
chromeplated. By chromeplating -the rings in advance
additional savings can be made such as: _

elimination of +the masking step required when the
grooves are chromeplated on the piston;

easy handling of the rings as compared with a piston,
whlch could weigh around a tonne:

piston repair time is reduced;

minimal machining/grinding operations required to
working surfaces after welding.

Another part for which the technique 1is particularly
applicable is a spindle valve which has a worn ou=zer annular

svrface. The -»rn si. ‘ice is machined back t: ~ovide a
. < annular surface &ad an annular NIMONIC 1 is then
eiectron beam welded to that flat surface. N.. IC is a

registered trade mark.

In this way, these engine parts can be reconditioned more
quickly and efficiently than has been the case in the past.

- In particular, the amount of material to be nachined in the

on the plston
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70 on0r ki ng sur faces after wel di ng. Another part for which the
eul arly applicable is a spindle val ve which has a worn
ace. The porn surface is nmachined back to provide a -:
5;&} d an annular NIMONC4r - is then el ectron beam wel ded to
iILLace. [err] is aregistered trade mark. In this way, these
can be reconditioned nore quickly and efficiently than has
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ent invention and to show how the sane may be carried into effect
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illustrate an alternative way for reconditioning valve spindles. Reference

w ll now be nade to Figure 2 to describe a nethod of

pi stons.
2b is a
i ke
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Fi guFégiizel 4 d1iustraites @f knowns netHod d@%&ﬂﬂdﬁﬂ&ﬁiﬁ‘d Figure

parti ghh% 86CHLNES YLeW IR 41 SL9SietHE Qggg{ in %%I gonr?et
embodiment of the invention applied to pistons;

Figures 3a to 3c illustrate a second embodiment of the
present invention applied to valve spindles; and

Figures 4a to 4c illustrate an alternative way for
reconditioning valve spindles.

Reference will now be made to Figqure 2 to describe a method
of reconditioning marine pistons. Figure 2a is a plan view
of a piston for reconditioning and Figure 2b is a partially
sectioned view from the side. ' Like numerals designate like
parts as in Figure 1, that is the piston has a crown 2, side
walls 3 and annular grooves 4 for receiving piston rings.
When new, the grooves of the piston would have had .a certain
dimension, for example a depth d of 28mm and width w of 18mm
When the piston arrives for reconditioning, the first steps
to be taken are those associated with the prior art method;
namely the machining back and rebuild by welding of the
crown, top and sides of the piston in a conventional manner,

-that is using for example submerged arc welding with the

addition of a filler wire to build up the base material.
Then the base 7 of each groove is checked to determine the
state of wear. If the groove diameters are still within

-acceptable tolerance and the surface appears satisfactory

then it is left untreated. Otherwise it is cleaned and a
small amount of weld is deposited by conventional weldiﬁg to
build up the groove diameter. The next step is to machine
back the upper and lower side surfaces 6 of.the grooves 4

e
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parts-as*in Figure 1,.that is the piston has a crown 2, side walls
annul ar grooves 4 for receiving piston rings. Wien new, the grooaze
pi ston woul d have had a certain dinension, for exanple a depth d.3
and wi dth w of 18nmm When the piston arrbves for reconditioning;Ehedi Sk
steps to be taken are those associated with the prior art rretihomg;ﬂgym
the machi ni ng_back and rebuild by welding of thg crown, top and sides™
the pistoHBt la%X/e%F?oﬁ&Ptnanm ReE steRsilFy $@r lngerpl dnfghreacted
arc wel di ggoeweh d hraeldoti ateell arifrigd e8a )8k cab@tBihyd regeld® k@S ones
mat eri al . hq:n t he base_7 _of eachssqg)igave Is_ch cl;‘_h%iPto determ ne, t he state
of . vear. °F| R &RPYLANEi APNEx €51 P Rt e SEepYEs) & (Fiisunfe
and the s@djace Thu=sarsteeli sfingisorare hthent eledtafon unéamawelddedQtirdron se
it is cle an | pQsi i ogals
gﬂgge e Sﬂé‘ié BER NG é&s:}%&éﬁeﬂg QUSRI GANERL] 08 in

weldi ng t arfd up the groove “di ame ext step 1s to nachi ne

the upperFégureoddr siktnallyactbes gmamesyréaces #f therripgeDSmREP coPY
-5 - ]gmtai-elt hﬁ_cl@iﬁ%dl g;tg thee GLXGiRAED Wikt 'v&i@l][e'fs Ih BEo ﬁe@hpaz?wne a
pair of steel rings 8a ut ti.ng .respectjve aqnes, of . the upper and J ower
Do f aces BEBPVEROdT, B8Yes TRGH UIGKIRRS o cacll, Stfel | Aiadnpan fa, 2ot
el ectron éxawmplel dedSimt 0 Thee, gidevesl dcdrei healesibgnaichi-dnp latiedt e bye
nuneral 9, | e : [ n he J.ner..surf of e rings b are
machi ned %%H?E%ggfr'i glg%alm\l'/:vlé d%i%% l{lje?'%#}pt rFel?epi S oog&gr oé%/cg’s aaglra?levsv. %"F e
t hi cknessappreprhatedy| maskgdcin peplatingabpth. t =5mMm The grooves can
then be chronplated by imrersion of the piston with the crown, top and
S ey A P e Y T e B, Pad b2t natve" Ot 'k O CofCend® 2"
steel rings can have a working surface which has already

been chroméplated as designated by reference numeral 17.
This minimises the final machining/grinding step and
provides a hard sur’:=7e for subsequent use.

The repair of a valve spindle wi:_l.l now be described with
reference to Figure 3a to 3c. Figuré 3a illustrates a valve
spindle having a shaft 10 which supports a valve surface 12
which is flat and cirswilar. The valve surface 12 has an
annular edge 13 sub’:z:t to wear in use of the valve
spindle. When the val : spindle arrives for reconditioning, _
the outer annular surface is machined back to provide a flat
weld surface. 14. An outer annular ring 15 of a hardened
material su~h as a NIMONIC 80 alloy is then electron beanm
-welded to tne machined surface 14, the weld being designated
by reference numeral 16 in Figure 3b. NIMONIC - is a
registered trade mark. The machined surface 14 can be
angled perpendicularly “o the valve surface 12 or can be at
\ an angle which is sli:: cly greater than 90° as illustrated
in Figure 3b. This t:.er reduces the chances of the outer
ring 15 falling away from the spindle in use where it could
fall into the engine and cause serious damagé.

As an alternative to removing the whole of the outer annular
surface of the wvalve spindle, an _anglea part can be removed
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as des g|;§ by ref erence. nuneral 17. This minimses the final
o (

machi ni<ag 19 step and provides a hard surface for subsequent use.
The | 2P & Pe@NE! ve spindle will now be described with reference to
Fi QUAR " St Nglii gure 3a illustrates6a-val ve spindle having a shaft 10

whi ch s val ve surface 12 which is flat and circular. The valve

surface %2 has gn annul ar edge. 13 subject to wear in use of the
val ve spiRdPEOVififefihdnaghined ppnafeces r 1ied 8l oone@antandituler t te

-out er anthearvalwd agerfacenqy b t erd f -
u rEac n&sd bagk tgaiiomdrers fnd ﬁ%&%{gﬁéalloy

An outer ygnnu ardened.material such as

is then € ecttlg{l elarL?n:\l/lv]g}‘ﬁ%‘ar?g n&AnEEAUTES AR rER 494, PhCHmPC Bl g ’
desi gnat E@PBpcemehsr cpret 20neis thbﬁl phacédgune aBhtmentl MINWKC tkesé
regi Steredrfhéégeaﬁﬁr§lect-%ﬁ %% ace ﬂgeﬂ'”fza“i élaa%n be angl ed

perpendi cularly to the val ve sur can ‘angl e which is
slightly greater than [err]as illustrated in F|gure 3b. This taper reduces

t he chantablef It rgav@st ef comparbsbal bertedwrVeid O&hbenéﬁbﬂghe G;Hi 453 wher e

it coul 0 ne an use serious an ive
to rem%%ﬁé%ﬁée%\h ge i?h?qhgegule tecg"r’r'r‘?ﬁ‘l aé%r"?%l:%“&? Pﬁec§ﬁﬁvéssp45rﬂﬂe an
angl ed pé@r the bepainvofdpistGRBRThRAEDaIRPEsSGIMHlest - to provide two
machi ned surfaces 11,18, one perpendicular to the valve surface 12 and one
parallel to the valve surface 12. This is illustrated in Figures 4a to 4c.
A conparEhf e St ebeaparvedding tprocessicaan nbabussedt o t latitaete -

sur f acesesttie el eﬁﬁimﬂrbeif’ﬂd&@ﬂ@ﬁl?a% | e P 4 aﬁ@rtga@bethegb\ég%s b(é(i%a“ S
bet ween thie l,ﬁ_{)nventlé)na %\el di nd '
(o} tione Thus, is particularly useful for joining
an expensive wear and/or heat resisting metal with special
properties to a less expensive base material. This will
provide the reconditioned part with additional wear
qualities. There is furthermore a significant reduction in
the time requi‘red as can be seen from the following table:

-t

WELDING PROCESS ELECTRON BEAM SUBMERGED ARC

1l ring groove 9.8 minutes 96 minutes
5 ring grooves 49 minutes 480 minutes

A
o/
The actual welding time to complete 1 piston is less than 1
hour by the electron beam welding process and 8 hours for
submerged arc welding, giving substantial savings in both
welding times and welding consumables (filler wire and flux).

s
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proeesses and the. new el ectron beam wel di ng process as use %Fﬁqﬁﬁﬁ?ﬂe repaitr

of .pi stons and ‘val ve spi ndl es.
used to attach either simlar
reconditioned. Thus, it is particularly useful
wear and/or heat resisting netal
This w ||

expensi ve base materi al .
with additional

wear qualities.

The el ectron beam wel di ng process.
dissimlar repair parts to th
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reduction in the time required as can be seen fromthe follow ng table:

VELDI NG PROCESS
9.8 m nutes
480 m nutes The act ual

ELECTRON BEAM
96 mnutes 5 ring BABLEE

wel ding time to conplete 1 piston is less than 1

SUBMERGED ARC 1 ring groove
49 m nut es

hour by the_el ectron bean1melding Erocess and 8 hours for _submerged arc

wel-di ng, ant i al

consunmables (filler wire and flux).
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2.0" (5.
groove with
joint i ncyygRe pfabstaEmBﬁE of pgs§edove with37

/' m nbadksng 60°
(38.1 Cﬁinln)lﬁbnnaaa/ahhlage

Thi cknessgy
h .
PrepatatlonICknessV

Vel d Speed:

cninln/pass)

1 pass - 10A/ 150KV
\o Number of passes:

Weld Speed:

Current/Voltage:

Energy/unit length:

Filler Wire - Type:
Speed:
Size:

in both welding tine
CERTI FI ED TRUE COPY Advocate and
SAW

l.ﬁ“)(s.l cg&ad o

37

30"/min/pass
(76.2 cm/min/pass)

1 pass - 4507A/26V
36 passes - 700A/34V
(All D-C Reverse)

1750 KJ/in
(689.0 KJ/cm) .

Mild steel
66"/min (167.6 cm/min)
5/32" (0.40 cm)

| di ng

RISt 1020 Stest

2.0" (5515amM,5Jqi
n platezno b ck?n%hferr]

ead on plate Ao
pass - 450A/ 26V

15" /ﬁlﬂoﬁ

1

15" /min
(38.1 cm/min)

1 pass - 10A/150KV

60 KJ/in
(23.6 KJ/cm)
None

N/A.
N/A
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st eel None Speed: 66" /mn (167.6 cmmn) NA Size:

5/ 32" (0, ONG N A CERTI FI ED TRUE Copy - 8 - ateand Solicitor
Slngapore‘ VR ,mm; A nmet hod of rec@neitioning an engi ne part conprising
at | east %n'uff,&g surface which has been worn, the nethod.conpr|5|ng t he
st eps ofg%ggﬁﬁ%nlng the worn surface so that it is substantlallyla!at, -
pl aci'ng | ar repair part adjacent said annul ar surface; welding sai

repair part to said annular surface by el ectron beam wel di ng;

j responding to
Chat teoiyeq. P HEthdd of WFechfRPLionPRhl an 2rdiHe RATE SOTPEISIRE 1B bhen
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i nt ended -,

used to
claim?2

1888§&di qn oANpu
wbmpeuslﬁgcbhglgtg@shgg a plurality of annular grooves

and machi ni ng

hining flat the
to carry piston erein the nethod conprises: nac
Pcﬁ ngSESFa |

upper and | ow®
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groove afpats of netallic rings

placing an annular repair part adjacent said annular
surface;

welding said repair part to said annular surface by
electron beam welding; and

machining a working surface of the repair part to
dimensions corresponding to that desired in the engine part.

2. A method as clalmed in claim 1 when used to recondltlon .

pistons fOI’ marine engines.

3. A method as claimed in claim 2 wherein each piston has
a plurality of annular grooves 1ntended to carry plston
rings and wherein the method comprises:

mach1n1ng flat the upper and lower 1nner surfaces of
each groove; and

inserting 1:}1:0 each groove a paii: of metallic rings

abutting respective ones of the upper and lower surfaces of

each groove and securing these rings to the upper and lower
surfaces by electron beam welding.

4. A method as claimed in claim 3 wherein the inner
surfaces of the rings are machined to reflect the de51red
dimensions of the grooves.

5. A method as claimed in claim 3 wherein the inner
surfaces of the rings have been chromeplated before
insertion into the groove.

e

6. A method as claimed in claim 1 when used to recondition
a valve spindle.

* L M s *
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abut't Png*'respective ones of the upper and | ower surfaces of each grgove and
seclring*hese rings to the upper and | ower surfaces by el ectron b&am
wel di ng. 4. A method as claimed in claim 3 wherein the“~gone =
surfaces of the rings are machined to reflect the desired dinen e ISUNG
grooves. 5. A nmethod as claimed in 9raim 3 wherein t N&\gvdeD @hd Solicitor
surfaces of the rings have been chroneplated before inserti OSingipo
t he groove. ,6. A nethod as.iclaiped.in claim1l when,useqd to recondition a
vatve opinafe. <X qetngs By CelplRea L' 81din AV inezeln  HETRn S¥oRR 6
wher ei n a wannudarersurffader ofuthaceralfve hepinmdle $pi mldlchinedraohipuwsiide
provide a fla rf | C a I o] i.S _secure l.ect ron
beam wel di ng. tfé}.%lt sﬁﬁﬁfe%%o\é\@%f_apg‘c%gnﬂi ghf‘ﬁgggn&%g&@oﬁaeﬂsts' g%bgﬁgﬁtr%a Ictéya's
her ei nbef or 8l@e§&Pnnbgam Welddhgrence to or as shown in Figures 2 to 4 of
t hée acconpanyi ng draw ngs. 9. A piston which has been reconditioned using

the nmet hod agccordi ng to any_of cl ai 1 to 8. 10.. A valve spindl.e which has
been recondPtion dé%ﬁk?ﬁfﬁ&tﬁ? HHening | gngdne (pagts. subsgantially

S * as hereinbefore described with reference to or as shown in
Figures 2 to 4 of the accompanying drawings.

9. A piston which has been reconditioned using the method
according to any of claims 1 to 8. '

10. A valve spindle which has been reconditioned according
to any one of claims 1 to 8.

* [ L ] s *



