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Met hod And System For Processing A Sheet O Materia
FIELD OF I NVENTION 5 The present invention rel ates
broadly to a nethod and system for processing a
sheet of material, to a sheet material conprising one
or nore reed valves, and toja conpressor. BACKGROUND
10 A conpressor is an integral and essential part of
cooling systens, such as air- conditioning and
ef eration, A conpressor generally conprises a
s'{"@ghwathnﬁl tystem ResPracassindNcPhert QbMatesiad
d|fferent|al pressure within the cylinder and anbient
pressure and reed suction and di scharge val ves that
| ead the refrigerant gas into the «cylinder to be
: to di scharge out the conpressed
F"ﬁ@fﬁ%jéﬁgﬂp%ﬁgs to the 15 di scharge pl enum of the
CyI Thirdﬁlfeshﬁtadvérﬂﬁ)ﬁ &élbtéé&irﬁadly fo bhethd@¥nd bPfemne8Hprocessing
| ve fqr a unidirectional

S
a SP?%R,S Bt %&%ﬂeggmmr'ag GAmprging pae pEmgre, megy@livepeand to a
corspriegemwt ed to repeated fatigue and stress, the
material to be used for the reed val ves shoul d have
enhanced fatigue strength and high durability. 20
BAQKQROHNMES are typically manufactured froma

dth
LB R 8 RgH) B LR T S AR such o o
conglifigaing eandt rﬂﬁnmtloed@esoran@sscal genefatly c:xbmpeulseqmangusam within a

cyhﬁ&HFﬁﬁﬁ% 'o)ﬂ@raB%Stbq:lr'%te ?ecfﬁialoﬂ'e%ﬂﬁ? WRRH & cylfﬁﬁer and ambient

sur faces ress cor
pressaire g@pé regd &thia'ﬁ @ad @ﬁohnr@es\mwead@atdeact the reftigerapbdas into the

cth@ér\tS%e JoHTpFAREHRRE to chiﬁ"&ﬁ'&e Bﬁﬂﬂe%&%s‘ég@}ef@e?&hsgas to the

not initiate or propagate In ress
d's%hlafgé‘s@e@% af thegindephead reprecivaiy e His vay, rﬂ@%te@d Blves act as a

che8k (8165 oP M IdFEElional oot theeRfligépdny§5s. surfaces has a
very inportant effect on inproving the fatigue limt

and increasing resistance to corrosion fatigue,

st riestheqesd osi@nare rsabiebm to PetaRaaatiRSAndt #dss the material to
ettin and er sl on cause

I
vo §ETEL I smed Sabas oy haveliinaties ot begop pdduh durabity
Reddntatves até fypicaliyohaasgadtived Pﬂ'@ﬁﬁé(siﬁglpmfg dpextioe @eth a\pésafiachine
: j that i s t o, cause dents
ane i b TP e ik LR BB 8 P L R an
alsq for g¢v@lopi@. a dimwessive residaﬂletremmrdbé eaHdsvatves'tdoefacere d
val ves' 2

Nearly all fatigue and stress corrosion failure originates on the surface of the
reed valves. Furthermore, it has been shown that cracks will not initiate or propagate in a
compressive stress zone. Therefore, the compressive residual stress produced on the
reed valves’ surfaces has a very important effect on improving the fatigue limit and
increasing resistance to corrosion fatigue, stress corrosion cracking, hydrogen assisted

cracking, fretting, galling and erosion caused by cavitation.

However, the tumbling reed process inherently involves the knocking of the reed
valves and the tumbling medium that is prone to cause dents and scratches to the reed
valves’ surfaces, as shown in FIG. 10. This may create new defects on the reed valves’
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surfaces where fatigue breaking could originate and
reduce the fatigue strength of the reed valves. The
tunbling mediumused in the tunbling reed process,
such as stone, is 5 relatively |arge and hence may
not be able to easily enters,into the narrow part of
the reed valves especially at the slit area and may
not be able to create an adequate radius at the
surfagge yherpniatigumbrepking cedd opigineiesand redutesthenfatigueostrength of the
recdaapegn process and very tinme 10 dependent and tine
consumng. It needs a long tunbling tine in order to
achi eve consistent conpressive stress and radi us at

theTl%jﬂﬁﬁalmbﬁnécﬂdmt b8, int the tﬁlﬁﬁﬁlﬂfgeﬁe%ﬁv&océs%s'sgb@las stone, is

|§ Ie?sqg §9uced by the tunbling reed process is not

relgtiyely (3r BeNR Mvgiot Bx él%'ﬁlt‘é ea%\'ps SPisx i%m namy paftef the reed

valveagispacialfy at 40WParckaind Mythot B& BBIB td 6brel dreaieddate Ohdi @éiat the
steel and - 600MPa for stainless steel, such that the

®d9%8ed valves' lifetime may not be significantly 15
pr ol onged agai nst repeat ed fatigue and st ress duri ng

t heP B Ehingled plodfsd BRES 3R ot i, fEbeem past very time

degended saidntimea ®hea@ningoft meedera &ing tuhling diedes irt order to achieve
f t . bl , .

oS o050 Y SBDC OB R B

res‘glp@lg@'ﬁ@s predecsd kyrthe mlﬁ:nggee_p,‘f mcmds pot raketivadyhigh, for example’

apERRSRG R reygﬁgsf 9bofiPL % Al A6y %&ﬂ?%t&&)r@&a HelPand -

he sté rovi ux o articles
GOQMI-Rﬁ o iskad [‘%ﬁ$ fierd, sirbdhaty ermdavalms |If§hmemM mej behsignificantly

proliuh@é‘d aﬁéméﬁ&ﬁédt&l fAi§h@bhd gil;ré%e&;?ﬁgfthé% HatiOR bk {h|%| (,Po§n fessor

such t the flux Of part S |np|n es on sel ect &
Unityr eas of the sheet of material. The method may
further conprise using a mask havi ng exposed areas

BOléor%f%po di%%_to critical areas of the sheet of
taPPed themire pxiskioRigvide a1aeibad ARY sYHEM T Prroerwing a sheet

of raditedidl, that syckato sdirédsl af RedsDorid 6 thd sboveRbntidtickipFdtfisms.
such that the flux of particles inpinges on selected

areas of the sheet of material. 3
SUMMARY

According to a first aspect of the present invention there is provided a
method of procgssing a sheet of material, the method comprising the steps of
providing a flux of particles for impinging on the sheet of material; and moving the
sheet of material relative to the flux of particles such that the flux of particles
impinges on selected areas of the sheet of material.

The method may further comprise using a mask having exposed areas
corresponding to critical areas of the sheet of material.

The mask may be moved together with the sheet material relative to the flux
of particles such that the flux of particles impinges on selected areas of the sheet of

material.
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The sel ected areas of the sheet of material may
conprise one or nore slit areas. 5 The selected
areas of the sheet of material nmay conprise one or
nore maxi mum | oad section areas. A first mask may
define one or nore masking glits for shot peening of
said one or nore slit areas and a second mask nay
define one or nore maxi num|oad 10 masking areas for
shot peening of said one or nore maxi num | oad section
ar efiSe selRbédtdieadrwt fndsihast &m&na%&@&umﬁ%@bw or more slit
using the first and second nmasks. The net hod nay
@%Ffir t her conprise deburring cutting edges of the slits
as a result of the inpinging particle flux. 15 The

s s ekteeb ateRof PR Shesh eIl Mdarprg s aae, or more

maXineunp &raidi selcten amasconpri se one of a group conpri sing
gl ass beads, steel 20 shots, stainless steel shots,
stainless steel grid, iron power and al um ni um oxi de
TheAgissttrhaskemay misfise @ms orayofeemasking slitsHer slastgeenfng of said
terial
onéaQPH'ForQ sfrpt Srégsr gg va%?c\(/)gg nl]\%ccorgggc r?t{@r% oPFn (Snaxmum load
maabpe@re@f for isbotpeaning of saidwneom mtbrerreaxlmqtrr twaldc@@ttim areas,
t em
by S5 SR v G RERSL 1) sl A
i mpi ngi ng on the sheet of material; and nmeans for
”DVTE&Q Méﬁ?o&ﬁ'%?tfuﬁﬁepéorﬁﬁs%rdié’durﬁrﬂ alittiNg eH8e§ 3¢ e é'lﬁs as a
Partlcl es such that th l'ux of” parttcleés inping
resg}t,o e impinginopastide Hrx-t he sheet of material. The
neans for noving the sheet . may conprlse an X-Y table.
e source of articles may conprise the particles
di sﬁ& S may T crrariiper| aing SURRIPgEVe TeRidual stress to
theSHStRONBIN baaﬂiﬁgeﬁreggrrprl se a mask havi ng exposed
areas 5 corresponding to critical areas of the sheet
of material.
The particles may comprise one of a group comprising glass beads, steel

_shots, stainless steel shots, stainless steel grid, iron power and aluminium oxide

The particle dimensions may be within the range of about 0.05 to about 2.8
mm.

The sheet of material may comprise reed valves.

According to a second aspect of the present invention there is provided a
system for processing a sheet of material, the system comprising a source of a flux
of particles for impinging on the sheet of material; and means for moving the sheet
of material relative to the flux of particles such that the flux of particles impinges on

selected areas of the sheet of material.

The means for moving the sheet may comprise an X-Y table.
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According to a third aspect of the present invention
there is provided a sheet of material conprising

reed val ves processed as defined in the first aspect.

10 According to a fourth aspect of the present

invention there is providedga conpressor unit

i ncorporating a sheet of material conprising reed

val ves as defined in the third aspect. BRIEF

DESCRE PTPURE OFf MAtidiRsAINRIGSCOBriEhHBEI Rariclesofdispresed in a

conpreRBéd amidwidchaRe. better understood and readily

apparent to one of ordinary skill in the art from

the following witten description, by way of exanple

ggl l};t?e aagzbtérr: anay unmboncqvhpxgsé hg d’fa%lﬂl: M@Singl xpbssd): areas

sho a _schemati c agramillustrating a

COLTHE n&ng\:kf) 8f't'°\g?§??&s g&sﬂ?&t OEW%E%'E‘rLi ng apparatus in

accordance with one enbodi ment of the present -

i nv ion, . FILGS, 2 d 2(b) .show,schematic .

o P snRo o o pFREt o B SR ORRBE PR s Bravige = sheet
of patsriebsimigyisippraedtvab/es pngesseags fefined iatitk fiistiadpect.

respectively in accordance 25 with one enbodi nent of

the present invention. FIG 3 is a schematic di agram

shofkengding dp oz fowdt esperil ofihewresenthoverdighdhewf is provided a
corf r@é@rﬁﬁliﬂﬁccﬁ'ﬂgr Eihg afs%tap& rﬂgtetrigpédrﬁﬂ{'sﬂ'%dl%red%aﬁ}égfagca%ﬁned
. of a material afte under gorng a sho eeni ng
in the Jriwkasnset an exanpl e enbodi ment. 30 FIGS. 4(a) and

4(b) show schematic diagrans illustrating the top and

kIJottom Vi ews res ective@ of a reed valve after

|
BRI DERGRHE TION Q@ THESMRAWINGScess in  accordance with

one enbodinment of the present invention. 5 FIG 5

.sho§s a . set of_ check point measurenments of the
cur FEPRFESHEs phibe ryanten #ilbhe Satiat undrestang agd spadily apparent
to oeedf valivay akilielh thbears foin PeeiitWing ARR$Sdédeription, by way of

d ith i ment of the t
xR AT Bore & semehegot RORIAES Rl enBRT Lot 1 at i ng

the different operations perfornmed on reed valves in

i i he. ed d | .
machihd 3 &R0 Rhy ol bSicB 288w ol anaregering

progessindagpasatoe i asrrdarfcetvith gneesmbodimentott the present invention.

FIGS. 2(a) and 2(b) show schematic diagrams illustrating a top view of a shot
peening processing apparatus comprising jig A and jig B respectively in accordance
with one embodiment of the present invention.

FIG. 3 is a schematic diagram showing a cross-sectional view of the region of
compression and the region of tension under a surface of a material after

undergoing a shot peening process of an example embodiment.

FIGS. 4(a) and 4(b) show schematic diagrams illustrating the top and bottom
views respectively of a reed valve after undergoing a shot peening process in

accordance with one embodiment of the present invention.
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COMRETFING SURTE ByRLRBNF

FIG 7 shows a schematic diagramillustrating a side

view of a jig transport 10 and assenbly apparatus in

accordance with one enbodi nent of the present

invention. FIG 8 shows optical mcroscopy inages of

a nunmber of reed val ves, igl ustrating dents free

parts, after undergoing the shot peening process with

different 15 shot media in accordance with one

enbbF.neshowt a ket pf eheakt pdint ereasoemeRtsGof $hes homwature of the

[Ws] ' r f d L.Ng: ot __ -

racisaciedtod BPARe 2dofs A rEa WENR M BRI, BRBEss
acqyidanseanithens erneediment ofibe presentvemiions opt i cal

m croscopy images illustrating possible dent marks

and_scratch marks produced by the tunbling reed

pr oEEs 5 shoys ceflavichanblustratingpthe difsanthgreratiens peddrmed on

reddN@VeR) ihaRadhiley 1 18 2FLHE TENLS af Me dRRY an¥dh RcHHE: 2 to create
stain] ess steel and fl gjijt er. steel processed by shot

opg efikpdineent of theguigsent invgption.
chart illustrating a nethod of processing a sheet of
mat er | accor di t n exanpl e enbodi nent. Figure
15" b S R HHEma e BT TS ALEd 2SI @b deneport
and rdsseinbly \appavaafs i3 GicgordantPrwitatoned efBBINRAE O6f tHe present
%I LED DESCRI PTION FIG | shows the side view of
he shot peening processing apparatus 112 enpl oyed
~in an exanpl e enbodi rent of the present invention.
- Smagj~ S Leal, . ' vioal referred to.as
sﬁﬂt:lg,' g?%“é“%eg{j té%l ?;f% %Irrr(?ﬁclgwjg%n@z??g %od aymiery of &ed evalves,
ilugtiging sisatsoses pants, taftel aydergoingpios shaet peensiggirocessaofitradifferent

N ; , : foaiig
shOURRRiIn decSRind Sitn TS EmStitiient & e BBl
jig plate fixture 108, and reed valves 106. The reed
val ol3Gnar [ e I .
(e SRS aBATRRe ofalrd vale LRE: bifridify gihBt Feening
ProEgshif| assogianehwits ong 2mbeeinerd oiBﬂegwrag@t rveaton. .
stai nl ess steel shots and alum niumoxide with a size
ranltglgsrof 0.053 - 2.8 in dianmeter. The jig top
fix 10 glows petical dpiciRscoRY iMages) NSt W) pepstie dept marks
and scrhtehendrid8 pRddeced by the tumbling reed process.

inv

Figure 11 shows a table showing results of the reliability measurements for reed

valves on stainless steel and flapper steel processed by shot peening and by tumbling.

Figure 12 shows a flow chart illustrating a method of processing a sheet of

material according to an example embodiment.

Figure 13 shows a schematic diagram illustrating an exposed interior view of

a reciprocating compressor.
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nount ed toget her and placed on an X-Y table 114. The
mounted jig top fixture 104, reed 15 valves 106 and
jig, bottomfixture 108 can be autonated to nove in a
predeterm ned pattern, for exanple as shown by the
doubl e-headed arrow 116 in EIG 1, allowing the high
pressure falling shots 102 to fall over, around and
through the reed valves 106. The net result is that
DEﬂr‘féHEat%?P%R}?Jt"PMn of relative novenent of the shots
102 and the reed valves 106 occur to achieve a nore
con kg i L result in terns of creating a radius at 20
t he shawg e sidesyigw: ofhg $heb RpPRIRG iplecessigp ARpRratus 112

enﬁildy%&sml an tSxamprxicibbdiraad sethiel proseffl VBBt eSmall spherical

metc‘%e)@% (ﬂ}sopr@é?{r%foa%%a%% u%releiezgtqe hrgl\é'nvxttggg]otgglg 1V0|0e::1/¥ aodlstancer
1 1emdm@|rummam laj/érus;tnﬁ]@is.te GoBsikiity 6F & @pediamt @éﬁgr?&onﬂgﬂ here

in @(%Jpogn of 8 urj'g 'fﬁlﬂé 'ﬁé%‘ Ré'g ‘?%ﬁteéexf"gﬁ 1#)4\5{%%"’9159!“6\'9@]3*9 fixture

108 narld eedivaivest106. M eedeacakraless 108 areexlppetdn [b@tvtleeﬁhf the top jig

d.. yalve 106, ..T ci
Pl G2 o LRl 1 Bl Bod%I0s RafRE s dtsrbs 102 inotuce
glap%émdmsqgmiﬁse§Ed ehdie apd afuotimed cxidetwith a siae rangesdfidt053 - 2.8
in (ﬁ%}% creating a radius at the edges while
ocklng the non-critical portions of the reed
val ves 106 fromthe inpact of the shots 102. The

Spe%@] Yo R&in8 aR, Jtﬂegrelédt\%R/e§ol 0& %ﬁh%&‘ H@%t@%‘ e 108 are

the sh o‘dg peeni ng process t
mogpief frgethepand plaeed ppan Ze\étabfe 114eTh%muvf@w9§op1mre 104, reed

valldte 1 D ¥nc i) 2086 Fid i 108Bh TShtEmARS 1t lﬁ%\/e ih rﬁe Bredefelmined

t hat sectlon whi | e bl ocki ng ot her non-crit

Patissn.t fop R¥arpp! C afesiaiy by e BettigdersehPtRY 116rrb1a|6|£3 df allowing

thetrhgh Q’é@étﬁe fliAg s’h'BféS’ﬂlzttw@aIISJb@F dﬁ&@ﬂlaﬁﬁe tlﬁlb%t?ﬁé%a&@é\va.«; 106.
i fferent stages

g PeEr s JoRtaiic e BRRSTRI o Gl oo EgTerh e PRGN ISGIOR and the
reeti(wplvé’s 106 adour © aPRven morg cBné:ﬁ@ntfréQﬂItUrﬁ forA8 bf &r@aﬂcHgl HM¥dius at
rocess to
the BeS FL BRI BB Sricerb B sl B Gy he Raxhumdis secton
of the ezdnglvps d@ss, the surface of the reed val ves 106
is bonmbarded 5 by shots 102 that are dispersed

within a conpressed fluid discharge fromthe nozzle
100FICGEa éXr) pireic (b Show dhes hapt giew 0t the Ishédi p@niri’geappaeaius 112 in

ean@!é/ ShbdHheRE! Sy 2 ﬂ*ugté i\é dﬁp ?ogfﬁ)ﬁlg'e %@nﬁc{ Y 19@6} re 204

he surfacé o ves 1
resperdisely-athedis A torfixiec200| and the de B top fixtuhee2@H anel smaller than the

ree@ f\%ﬁfe‘é‘%d Repsiitd B&e o@fthé R éﬁe%d e %@S\la}\gg {‘q&ﬁt"[‘hgespemaily

elded in tension. In.exa I ment’s

de%a*@as'g\m@rpé‘mﬁ% 200 flloye te ﬁ@t pe@m%smﬁg@ foezenperformed on the

narrow slit 202, for creating a radius at the edges while blocking the non-critical portions
of the reed valves 106 from the impact of the shots 102. The specially designed jig B top
fixture 204 allows the shot peening prdcess to be performed on the maximum load
section 206 of the reed valves 1086, thereby enhancing the compressive residual stress
in that section, while blocking other non-critical portions of the reed valves 106 from the
impact of the shots 102. These two shot peening processes can be performed at
different stages. The jig bottom fixture 108 may include similar design as the jig A top
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10 perforned can be discerned froma change in

col our/ appearance, as shown in FIG 9. For exanple,

the shot-peened areas of a flapper steel will appear

shiny. FIG 3 illustrates the region of conpression

300 and the region of tensipn 302 created bel ow the

surface of a material, or in this exanple enbodi nent

of the resent invention the reed val ves 106,
fixtype, 200 ?frs@elﬁ o 20440 adow thep shetinesaibg Ripcasido dpgresformed
on H&epdBeltevuirie: Sfihé A&y valee 1oet erial tries to restore

its original shape, thereby producing bel ow the

i ndentation e.g. 304, a hem sphere 300 of col d-worked

mat larth@khotpeghing rbe€ss e’ duiface BPthesetd® Raives 166 @ bombarded

oy Sh04 483 #atee APaioet 5 EpEbros SR BU Gberdiramdne nozzi

1omcﬁaoorpiedeemsthefshbise1 02estokivpthecized Qblved 1106 atfieasshdihy peening

TR R s
ordeefad theaiimplerio §6 @rdabed) thenmwiaed biethe needngahv@s D8 inuh be yielded in
tengfhﬁ nbréxngI%Wo%ﬁ'ﬁ&{t? Itﬂ-g gre%%% tthé shot F\)ﬁ%‘;"ﬁlg pégcess has been

olnts represen I ons
perfasasd ﬁémrbﬁtdssoamed oo famhﬁwie m&ﬂmﬁepmmqehes shown in FIG. 9.

-Fo%ma%um% sﬂeppé‘e%a' féa%rng ﬂﬁ,spér% el Mﬂggﬂé%rgm uced at

he edges as resu e deburrin of the

shot peening process. The results of these

rrea:sn@r @m&@té‘s%e r&56n ts%afﬁ&_e;%rén ahe aﬁ@ Wrég!%)n%f%nsi& 302

% fication of axes
Cfeeteﬂcbeég\Ne §. sustegei of f matesaly 'ﬂumﬁeaxqrapletmbodlment of the

preBBRAS N RfioR tHe/ l%"e'dr\%l\%sgl 06D 8fer iRddHilRINs 160y 30Al ahem! EQ& of the
(égrégténe % g &%the radi us 30 groduced at t
shalg J8¢- Hrlgwth SuReran e MARTL 1S e et ' fshORgHRal ;shape; shereby
pro@iiciiy bélgﬂ&ﬁé?nddnmtloﬁ:@ 304, tahl@erﬁusﬁrtsr@goofofczﬂorch&ﬁed material
-y that are . rel at ge t e curvature
iofly Sred09 HEmRE At IR TISEhY o e ol B Pt The gpstten
partitle thits fdgesatefili S shows that radius at the edges
can be produced with the shot peening process. In

conparison, the fitting of circles e.g. 500 that are
r el A5, dedhpwsrthe tomend dotiorheriews ef the medckvaleep 400G tfterelng shot

peegﬂ%{ P%cgsff d'lﬁﬁes tr?{g] ?5 Res qggscogéperisgg QY ﬁallrgw dsﬁ’p L2 v\\m%ﬁ: Would

ormati on I ess
allovethe {omigvedike dead seetion #0900 dorper mgveatmml@mhg Gmevaitan\elthm a

corfibrebdt. GHEES RIS evad i Eﬂéck% ﬁts.S Fes@ﬁﬁﬁ!jp% PBQ &S where

can reduce the formati on of ese Stres
measwsmentsewerecpefqrinedstordaterning theycyMatugs pofl cogsigiency of the

radfispro@Redl dtith@dages bHQ resiiy &t HE RieBufing R cOSTREShbBbEning
process. The results of these measurements for reed valves 106 are shown in FIG.
5 with a magnification of $<500 for both axes. The circles e.g. 500 in FIG. 5 are fitted to
the measured curvature e.g. 502 in order to evaluate the curvature e.g. 502 of the radius
produced at the edges and to determine the consistency in the radius size produced. In
FIG. 5, the fitting of ‘circles e.g. 500 that are relatively large to the curvature e.g. 502
demonstrate a relatively smooth curvature at the edges. This shows that radius at the
edges can be produced with the shot peening process. In comparison, the fitting of
circles e.g. 500 that are relatively small would otherwise denote comparatively sharp
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5 the consistency in the radius size at the edges
achieved wth the shot peening process. Exanple
enbodi ments of the invention can provide a nethod for
deburring the cutting edge and al so enhance the
conpressi ve residual_stres&;in t he maxi num | oad
section of a conpressor's reed valves. The process
rovide for a nore reliable 10 conpresso
edqeﬁ eggewe PEOSg to geq;%gvlwpl} ‘F?“I‘I'Pﬂ-ﬂt ip g f@[j@atlon of stress points

on ﬂh'éfrébdi Valves® @arfadesainl sonErathsmodth roawamae aﬁﬂiﬂeaedge& e&mehed with
thesg\g di.rected at and peget?ate sel reas of th
BeliPosTiTe, BEoBGrS, FLIoCHB GF e AEoH 05 HsaF (<Beo Renlps 4150, the

relatife Jsmgsmwﬁ tmﬁclqoaﬁenejgg 500 fitkel Rothe duREReS e g0B0D HE8MBAstrate
bot h .si des..o

| fih ves it
the IOARFAER 5B ariin 8¢ LIRS ER0 adfall 670 inecirshesing process

def ormfree parts. Shot peening process perfornmed on
ﬁlp‘?e? %hf)gdl%grr‘l{sao?ethe |nv8n |on ca(#l vu:iet Q“:T‘netﬁ éj ao\i/'%e\é&fsr’ing the
cuﬁd@f eﬂQMndoaismfenhmertbed:omrase@e r&minal ptfesa mgthprrmnsm load

sechl Paarg%%ep?&sbh@ l,gus s. Sk f&ssesgf ah°5£¥ gé 4@5%%orgf}snabue

S can a e L hig
conmrwﬁf imgoreRsatingn tﬁedevdvmwtb nlsiglc a‘ﬁtmeu Hurabiétypae deatiows the

abrdivd H%dfaeﬁgte\‘:éﬂ ¥£Be d?r@ctgagat shat péﬁ%ﬁgﬂer’&ié&&c S%%s of the reed

i ments of the I nventi

accor 0 _exanp
val\@gmlﬁhﬁgrc%&gwqgéh%m &he usp @fp@qur@@omnmmn selected areas

of ARCHEBSA SRS & A8 GRiIrfhéed 8t ihgUeed %Ivas h_ex&APIE A diments is
fatigue, stress corrosion cracking, hydrogen assisted

adveveaﬁq%gn Predcing fgforgaires Ayts. %hpeedww HPERsSRerigEIRG AN the

enata'smetoabh@ Ridaril trhtefaéa V&8s NitAlitdRe 8sé BNfjsd@inakiuSe warping
art 5 The coq&re33|ve stress of
t

and, P ETRIOR fnG dPorhaivEs SR RPoB9: MAERSS P oG oy P entire
surfabe of lagh side bf thd 0&dPRaalfearcah Iﬂ@wzﬁta it Walpfraf effecEBit@ight bends

|l ed.steel I teel.
andi i fianists G hEe RN hetresVeBRS: o used i n
exanpl e enbodi nents of the invention, higher

CONRle &t égensﬁid’ ?r%%e é‘ccBFc{.@%' %Vgrq %%Hlm%rﬁs 8f tgg gnventlon

def ori F6F
canbawdwedhe mamcdﬂm@tm arel aarcgm;rease irespstarfice2(® fatigye failure,

con%Qi'b f%bnérktrezg’gé\@ Jnod'r rgﬁg%}égner : ?éd- & %i?eﬂ"ettm% Salling,

steel e ach
weeﬁ@ati-qr@%at ealsed| V@éwatlee|an§th|en@gcarppr@wde@e@nswelable increase
in p4AGtaum furnace with inpurity controlled, have been
used as the exclusive material for conpressor reed
val ves. Sonetines stainless material of inproved

f atfraURnigre RRatdebs ofbdifont Rl vl priR¥s QBN biing is only in
the region of -400MPa for high carbon heat-treated rolled steel and -600MPa for
stainless steel. Depending on the type of media (shots) used in example embodiments
of the invention, higher compressive stress can be achieved without deformation of the
parts. For example with glass beads at 2bar pressure with a cycle time of 20 sec, more
than -730MPa for high carbon heat-treated rolled steel may be achieved. Generally, high
carbon heat-treated rolled steel strips, processed in a vacuum furnace with impurity
controlled, have been used as the exclusive material for compressor reed valves.

Sometimes stainless material of improved fatigue strength is also used, but they have
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not been wi dely used because of their high cost.

Reeds with shot peening in exanple enbodinents can

i nprove fatigue strength and can thus allow the

opportunity to use low cost high carbon rolled stee

i nstead of the nore expensige stainless stee

material. 5 TABLE 1 shows the results of the

measurenments of the conpressive stress - produced on a
notrheghefely tiged betaussiok Kisd Suop oot Readisaritheshat Reerigin example
ema&ﬁmem@ cBA ARRB%e faﬁgm&stréahgfhfaﬁ{d&,@h tﬁhscauomﬁé @p;yMrﬁJh%y to use low

;
cosihighzatigbrledlesh et G Biskh extresig ST Alas motsit

t he exanpl e enbodi nents. The conpressive stress can

be usi n di ffractiqn hod f
s TR ot B B b e oS RS henlS ot The) CrmpaEsie stress
protedeait dmaaﬂg/ppier glclcamcierss 06513 e afiercthe BRGteehidg process using

diﬁé%ﬁ%@@g ﬁw%gta S a(? R%‘? e&i r'g\é\fa% hrésta %tg’rgﬁ(;)sturélj.ﬁfe %{% %Sg Ii:)grc z?ﬁc’dS a cycle

tim@ ol 30 samrNbdxsmgSﬁIz & Bt Seripde embedifentsr €8s corapressive

stre%% 3?5% 8be( Zqé)@a&&gét gslﬁ :éli )Q é/:l)dlffr%t%ﬁlln%“%td 9026 rezsufl)Ja? stress

meagrengrt. 34 sh@g inSHARLE és"slagveésehlgg compresFive sBesd, @ nkfe than —
7301\Z Stoe AhielAd whth 21 2.5 20 -434.93
ﬂ‘?c 5 SohieVd with e o %?@1%59%50. 88 58.90
AlumnlumOX|de 0.053-0.09 2.0 20 -625.10 45.76

'ABLE 1 RepdViRe Méteﬁ&lo‘ﬁap%ei %bﬁTHrékHés’s‘ bY5E T T 1Y

the results of the conpressive stress surenents

f oMediad vallves Si#e st 41 rifreexrat e=epy§ﬂ(ﬁnﬁl dppempesseied stress
processed by shg;,m) peeni Neha nd by t@g‘gj i ng. The(Mpa)
caonpressive Istress of [the reed val ves ‘was [measured

bStesl ehdind aff t erO-fhe rleed 3@l ves hadkbeen |subfFAget40.04

Sta{,rﬁegslsqlégpgﬁ& or-TEgU difspi aLEENT 20 Fper atyi-on The
results 1n Higure 11 gshow consi $tent conpressll“l?r\;"é:f?'i34‘69

Stamlemeel\gndh m ﬁi—rﬁa&% det é&x@ or afi on, 20 or tlhe-T2558 + 43.74

\\\\\\ ahant reasHerent Tho rooulfe al cn

; %WSWE?{;; Ut hemgeegﬁl ll\'j;;zu$ ;atc héveﬂ%een pr %@%36-50

ta;;assgaerabs shot @esmi ng pracess have @ rellat Ll as + 58.90

higher.reliagbility and conpressijve stress|conpared to
AUinivng oxidg | [:253 8% ave 2.0 20 -625.10 + 45.76
' TABLE 1

FIG. 11 shows a table 1100 illustrating the results of the compressive stress
measurements for reed valves on stainless steel and flapper steel processed by shot
peening and by tumbling. The compressive stress of the reed valves was measured
before and after the reed valves had been subjected to flapping or reed displacement
operations. The results in Figure 11 show consistent compressive stress, with minimal
deterioration, for the reed valves throughout the measurement. The results also show
that the reed valves that have been processed using the shot peening process have a
relatively higher reliability and compressive stress compared to the reed valves that have

been processed using tumbling.
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been processed using tunbling. 10 FIG 6 shows a
flowchart illustrating the different operations
perfornmed on reed valves 106 in nachine 1 to create a
radius at the edges and in machine 2 to create
conpressive stress in accorgance wth exanple

enbodi nents of the present invention. Initia
operations include checking the thickness 602 to
prevent accidental |oading of nore than one reed

vaI F’I@B %‘@hb\ﬂé‘cﬂ ﬂ&N@% Illhﬁrétﬁ\@dth)éadhﬁ‘é‘r%ntlQﬁer%ﬂ&‘?s bBRormed on
assenbly qrﬁ%gpl a nunber of reed

redgiafivies i RarEhe | @i Thale & sttt thatetea Ay Jgimachine 2 to
cre&fép@Jrﬁ{br@byive Bﬁe&d"ﬁﬂad&kﬂ%@@ wWitbaSahfle ehib8dResRIB! the present

A an eed va are ced into
1nv%ttqqxi Ifl{g ai%gg@tlopﬁ LI ?h%ﬁgckfgs%gﬂ%tq greH@nt accidental
loadingtdfenord them oab Géecﬂ)eﬁlma R d GERin® 604 @fd Rocdl VaHsURORbnto the

oy Fessmty BpBL9roRsA g 7 BhbRe X i Savet, Bgh e . either

formed emtbgryally)br jsegarAtdly) fis thed rbod mecmtcﬁgemarr The hegambPS00 of jigs

A %\@(‘f q‘g&gl C ves ééagn}% g%rcfg(g 0'8 ,?gs'anﬁh ine_ “§8§' 3l |c91 operations
corapiisiat mnon 1tfheshtsihmenb©eﬁﬂ8n@ pealess Eadu&naﬂ)fee edges, station 2
for%&'r BISP\IHE;dSE(S i(r) I? B%) O.%Bﬁ? %ﬂ&tﬁgﬁ&uéf&%%rq\e sﬁga.fa%ﬁ of the

qguent1 a one nozzle
asgermbipphitgg Alep pn@@oﬁom Festura$ fremriateeeectewjm@ﬁ fiehare pdrormed in

seqiléﬂ’éualp&@@i e é’%gagftﬁﬂ?e%%f‘ 2@% Sﬁ erﬂ‘%% %Qarﬂﬁlbhenﬁb&ﬁr%ent the

surtace e ree
Shcgumnmarré@@@swa@rb%wfﬁmeﬁam tyektyp gsd ﬁgtf@neeuﬁf@z@st ef the reed

va!?@:@‘ﬁ@ﬂ é&]deh%l@n dsipg Ocsr{%e 'hoiﬁ?é Zife Rpbmy t %%é gEnt Qn alternate

reduce the cycle tine. he reed valves
empﬂ‘é'ﬁ‘qnén%'?e%hqt rRAAVL HI’%‘@SSI_ BoePamgreHBed 8d bOth"F‘Q%‘-?S of the

surﬁi&és@fmestééaammtém SifnaiRGHheIUs rtgeeqﬁeﬁm”gqa voudiRy one nozzle
rocessi n an he ree
abBiei6E 1S 504 aapiber Rorie buRrdhe g feldie e Bonn) v

614 of jigs B and reed val ves 604 are then pl aced
int chin whi ch rations. cq
st aTheReR Paves RoR s dnehes e BhAcERtint i bt and the reed
valme@@@a&ssmepueﬂm trans$drreelo, mattdne Arfo2pfoaessing. An assembly
o151 2f e P SARKE 0 RiR Frenha el bl HEESDby 614
of figs B lapd srepdr walves 66 arlaetheasslenbdl yintof miaickyin® 2 &1 Barin which
3 i Xt t
ope B RTLmblRG SAhA B SRThRRCE18 K X Becands fp create
corapressive stressrostation 2ofer mechliowing2620 ¢o remor @ebfls,ssiotien 3 for
waﬁﬂnj‘éﬁf @éﬂdﬁgil FIr S icwing @24 TRE SRR S0 Rt Wid éé}ﬂaratlon of the

before ent
assembly of jig B top and bottom fixtures from the reed valves 604 are performed in

sequential order. The reed valves 604 are then removed from machine 2 616.

FIG. 7 shows an assembling process 700, for example occurring before entry
to machine 1 and/or machine 2, in which the top jig fixture 702 drops down and the
bottom jig fixture 706 lifts up to secure the reed valves 704, which are then mounted

' togethe'r into an assembly 708 loaded with the reed valve(s} for processing. At the

end of the process, for example at the exits of machine 1 and/or machine 2, the
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to machine 1 and/or machine 2, in which the top jig

fixture 702 drops down and the bottomjig fixture

706 lifts up to secure the reed valves 704, which are

then nmounted together into an assenbly 708 | oaded

with the reed valve(s) for processing. At the end of

the process, for exanple at the exits of machine 1

and/or. machine 2, the 11 _assenbly 708 of gs and
asgeipnly P\ digg @Edaﬁeédt‘ﬁé’ﬁs S a5tthEn |Sﬁpﬁ\'/l¥|'f%41 in; which dpe top jig
fixtuteg704 fiftst Wy end/ e lidttfot‘rSjngﬁkt@rléd?dﬁftﬁob@Eb\Qmm b%e Aratith %rocess

B o RS e A B s and

thef bottamt ¢ig FRRr@rrds retuen e tiigdMmnjtiag pbsitidny & FeParadibhifér the next
initial . positions in preparation for the next

h
ast?ni%@gr%?ﬁeﬁamﬁocess 700. FIG 12 shows a flow chart

1200 il I ust rati ng a method of processing a sheet of

12 Og{d ux a? %%E:t?@gslxﬁlu@raﬁrﬁ ngﬁ%'hgg roti’ pr&)ceﬁalpﬁ da sheet
of mntetrllabacsme@ng tf a!rmt(ennpal emtmdlmeetpAJLs@p 120Re adlzef pafticles is

prdglyretelf%rﬁbg @uﬁ ﬁTﬁx\é%ﬁe% ét\éﬁalt At g@? 1f2PHXth8 sheetgof matenal is

moyed gelative i Smwsfler of rp@rt@le@esuqbf thﬁ’athﬁ flay of |partmsu||rrcp"ms on

sclBBBH e Rl Fhd¥hd tREmalapki |l ed in the art that
nunerous variations and/or nodifications nay be nade

to the machi ne configurations for the shot peening
15 pLAGASBe %Ffé@%«féd bed p'el%oh Rilgx ﬁmbear@m*apﬁurﬂ@ﬂah§ variations

w t hout depar fromthe spirit or scope of

andprBRATiHHoRs MaY &sonﬂ9 At rawmwf'gwatwrﬁef@h Fh@gshot peening
pro@é@c&fsaegcﬂbwmaé xampRUmMEINSerdd withéutIdRp8Mhi @BrCHB spirit or

adv a uce d s free parts. As each part
soqba it Bl TMEONatES ARy AR t he 26 exa! o P
errbodl rrent s can al so elimnate problens associ at ed
W t reed roces ere the knocking of
e T ¥l o thrpGiSe B BFite SMRaint S kel Fal can
aduastagpomni;eprbduaeaﬂmﬁs fee aameﬁs eich pdetrvas Ue()petehed palmicmally, the
t
exdpiyi® el O 98 Bfifinal AOPSES e dIBY Stk hufbipg reed
DFOSW wpererth@ gnockinga ¢harig istivhersratrim e motesdi Hemﬂes tunntiléd reed is
profik td B4 &RLs I_f%??&‘esm' ntd ﬁdlh‘ég)tahg.qzl eBLR 0wk §f Bgﬂctragrr']né%%s]copy

25 The tu Ing reed process I's also nore o
images vdibsa amynification pire200 efthedeerd . valves meecissed byraot peening

acc?(g:v!‘)ﬁﬂf‘é:]r ﬂgs%g(?@.glg%ﬂ%d%émg wﬂt?diﬁ&}éi'lteéﬁ%t Fn%&i§§ iﬁﬁl%gtﬁng dents free parts.

 The tumbling reed process is also more of a random process and very time
dependent. It needs a long tumbling time in order to achieve consistent compressive
stress and radius at the edges. Example embodiments of the invention can address this
random problem, as the parts can be shot-peened individually at controlled parameters.

The shot peening process in example embodiments of the invention can use
media that are relatively smaller in size, for example glass beads with size of about

0.253mm in diameter. The example embodiments can provide an effective process
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stress and radius at the edges. Exanple enbodi nents

of the invention can address this random problem as

the parts can be shot-peened individually at

controll ed paraneters. 30 The shot peening process

i n exanpl e enbodi ments of the invention can use

nmedia that are relatively shfaller in size, for

exanpl e gl ass beads with size of about 0253mmin :
espﬁcﬁﬂ?ﬁ’@rthlnTiiﬁtseM@Tmba”eemodidﬂiem Sischange valvégl @ndBther designs

. effecti L1y f t hi ts lik

nopparah Hrel R Orresh UPERHRPIE Ml ves and ofner
designs incorporating small slits of about 0.5nm and
Sﬁlelg&en%eix%r[f] g?’:)g%{ éé:%lcégorh 8195 sﬁ gtl ﬂ‘lgf%‘l" Fgrogéssed using an

examnie déembodimsant Iwnhhmmnbéedés&nnbbé,qumrmrpraﬂan mfdavalves in a

I

confu %g%%r%\régés 'O"lrﬁhea 3'8%950 r cﬂ’ﬁ Zf?é'new&esgg}e 1 ISBE] ?Edsl:g I'ﬁerchf'lei:lc gas-

compiessigarefrigention ieemesed in hiG-11@. Tog corrmeeaﬁ@nﬁa%g@npnses a

sué'n%ﬂqnl‘éPHB{e fu?féf:B@z aSQ&éﬂoﬂgnbméne‘is@d pa?Jd'é‘gyéﬂr%%heédrmos The

suction nmu I nder he
suatigatmeffeni 334 is disposed insidg; f@s%@lﬂ 1306 iofi thex grenRasar 1300. The

su&%g%gfﬂeF heog adness Ol ha08lindibe héQd Sk ‘Whlﬁf‘a‘fﬁéseé suction
304 caonnects to the cylinder head 1308 which has a

plegiz 18 ang} R AisAharge@Iain 4514 st i intRios| BrfuRClign plegum 1316

receivBs it Eéé Qith Ia_\hér BHigerAirePRiRUReldddharge I%hMl‘ﬁS‘l 31herecelves
gas Wit

erature | e the disg
thelcé’i'lf’r?%%e& Qf’ésfrro E’GWB%%@%@“@F 48i dg%)rﬁ‘*t 3‘?“’&%@?”“*- The
sucﬁlbﬁl”m@iung ngd@(rjm)j e cgscglhﬁge plerper #31yr ?rela'dr&ecﬁuctblamy!inder
and the di sgharge nu are
ondyR R, 5B shrTonsRd FeME R b didefis repdvave 1317
respactvelyn Theedischdrge Aldddm atfildaisdfisthearcpenedted twathgedischarge
\ 7 S tivel Th char e un11 i S
pipliT 1238 o8 it Btpbresth, S AoPS AL At O Midchalde, 1510 and
dischrege dimgr €3£ forl @i86harpiagnedrpresserb gas ail Blghateg@etmu:e for a

ge line 1312 for discharging conpressed
.ﬁﬁgggagﬁiﬁéﬁﬁﬁienperature for a refrigeration system

20 I't will be appreciated by a person skilled in the
arty t\nﬁ[mae NUTRE ST BATd BhisON Skindd H He gﬁ)dthétl %ér@t@ var[atlons

nmay be made to the present invention as shown in
and{eempglifigatiops ey %Htagethth% PresgepiEventien as shawnia the specﬂ"c

emB&Mifbhts OitieP BEpAHind RBmI INECSPiritost SopBr Aaft Wnvention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not rastrictive.
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descri bed. The present enbodi nents are, therefore, to
be considered in all respects to 25 be illustrative
and not restrictive. 13 CLAIM5S 1. A nethod of
processi ng a sheet of material, the method conpri sing
the steps of: 5 providing @3flux of particles for
i npi ngi ng on the sheet of material; and noving the
C'—é\?@t of material relative to the flux of particles
that the flux of particles inpinges on selected
areas of the sheet of material. 2. The nethod
accor Aimghbe oflprbeaskingf allshbBet ofC@ERKEE tRE M&hsd c@m‘ﬂiﬁ?ﬁg the
StehaV| ng 10 exposed areas corresponding to critical
g?@&s of the sheet of material. 3. The nethod
accptrodidir@ 4 ﬂwcdyfq:iam[cﬂes fshéngihging loe theskedt of Aa&thl; and

tog terial relative to '

fl uﬁ‘ 0 5%? OE rréaj%rﬁa rﬁlgﬁ"? k’et%f} It gpaggle[sl %1°E§hat the flux
of Parpqzlﬂ@mplmemi saleadd aresgof te $Heet sheeteriaf. mat eri al .

15 4. The nmethod according to any one of the

precedi ng clainms, wherein the selected areas of the

sheét Thsf matiodracgbrdinmisr ¢lgien dnturtber comerising usiag @asasbhaving

exﬂ_d%%d 'é?ééé%r@g?ﬁ{ dt#)hé;ﬂ) (%rg cgl';a}/rgg%] Siatﬂ shi& & ﬁeﬁﬁﬁéln g

cl ai ns, wher areas o e Sheet -
of material conprise one or nore maxi nrum | oad section

ar e@STheGmeleikﬁj E&&Sﬂg%caélm BOwheref ﬂ"\éﬂrﬁ'xa%kngné/ed together

in a first mask defines one or nore

W'te |’fh€t §h?96 mateii! relabive #)yther lueefastidesosughoihat & ﬂuwfmmcles
impiigbstorseIetist arkas gl sl BERaRMG. O nMore maxi mum

| oad maski ng areas for shot peening of said one or
nore maxi mum | oad section areas, and the nethod

cormrTrsEemesmugwdr@hbmo Ayl Bk bhened | fesbdifg &SR0 Mherein the
In% 7. tTh &ﬁ %Jfrdln to claim6, further
solgREH Bieat g HICHIFEL Pro(EtR S-BP o80SR SROTBrt MEa81 1 1 o
as a result of the inpingi ng partlcle flux. 8. The
net 2 rdin clalrrs further conprising
i rrpé;r i né’%%cé’]rrp e§§f‘ © Y %ﬂ?an é‘[e %@geq'ﬂgtqi%%‘ga%’?'ﬁ[ﬁ%? the
sel¢ded atsmardf thy sheehsf matenal comprise one or more maximum load section

areas.

6. The method according to claims 4 and 5, wherein a first mask defines one
or more masking slits for shot peening of said one or more slit areas and a second
mask defines one or more maximum load masking areas for shot peening of said
onhe or more maximum load section areas, and the method comprises sequentially
using the first and second masks.

7. The method according to claim 6, further comprising deburring cutting
edges of the slits as a result of the impinging particle flux.

8. The method according to claims 6 or 7, further comprising imparting

- compressive residual stress to the maximum load bearing areas.
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14 9. The nethod according to any one of the

precedi ng clainms, wherein the particles conprise one

of a group conprising glass beads, steel shots,

stainless steel shots, stainless steel grid, iron

power and aluniniun1oxide. 9?4 10. The nethod according

‘to claim-9, wherein the particle dinensions are -

within the range of about 0.05 to about 2.8 mm 11. '

TheSntbhsepthed Geerrdingt o amy oome! de prasegingcdaimsg wherein the
pargitids rfﬁ)rnﬁ/f'ﬁér(ﬁieﬁ of BegroBp BmPEingRgI8Ed ﬁlaa@é) "qgéélss%%g @fntess

val ves. 10 12. A system for processing

stegighots, élta'“'?%s@?bﬁr@lﬂreaﬁﬁWﬁéﬁ%a'Ungf@lﬂ% of a flux
of particles for inpinging on the sheet of material;
and ans for, novi nggthe heet of materi al relatlve

to 1Hhelh metnd ASearfiRpde dijenm O whereimEhe paficlsfdimensions are

- witpiarthé cAnge of ApbIMIRE5 @alsslted weh.areas of the sheet of

material. 15 13. The system according to claim 12,
further conprising a mask having exposed areas
cor tesfendietrpdt acavrdinhg ¢t@bnpronasofahe tohecesiit@etiaiffs, wherein the

sndBbPElallia dnp T SELgACSr i no Lo clarie 12 or
conprises an X-Y tabl e. 15 The system according to
o 2P oA s S LR WSl gl
conppewsedf a rﬂux af paiticies écrrgmpm&gl@ thA sbhetdf nodterial; and
mat gLk f&‘?ﬂcﬂﬂhgs 'tﬁégsﬁ@ei%f Y&lﬁﬁaﬁ {glraﬂ\‘?@f‘os% RECH ;ga{rpcg(tes such

to any one cl al ns ressor
that hedluy &f aﬁr’ﬂﬁ@sarn@wg@@ opfselegtaghgrans elbhp IShsetn:gj nraderihl. 30
val ves according to claim16.

13. The system according to claim 12, further comprising a mask having
exposed areas corresponding to critical areas of the sheet of material.

14.  The system according to claims 12 or 13, wherein the means for

moving the sheet compfis’es an X-Y table.

15. The system according to any one of claims 12 to 14, wheréin the
source of particles comprises the particles dispersed in a compressed fluid

discharge.

16. A sheet of material comprising reed valves processed according to any

one of claims 1 to 11.

17. A compressor unit incorporating a sheet of material comprising reed

valves according to claim 16.



