1 A VALVE PLATE FOR A COMPRESSOR FIELD OF INVENTION 5The present invention relates
generally to valve plate for a compressor, a compressor, and to a method of thermal insulation applied
in a compressor. BACKGROUND 10Gas-compression refrigeration has been and still is the most
widely used method for fridges and air-conditioning of large public buildings, private residences,
hotels, hospitals, theatres, restaurants and automgbiles etc. The gas-compression refrigeration system
uses a circulating refrigerant as a medium, which absorbs and removes heat from a location or space
to be cooled and subsequently dissipates the 15heat elsewhere. A typical gas-compression

system has four compone %\? L GONRIBSSAF & %%%@?%09@5% ' ﬁalve (also called a throttle

valve), and an evaporator. The compressor sucks low-temperature and low-pressure saturated gas
from the 20 evaporator and compresses the gas to high-pressure, resulting in higher temperature as

well. To im [%@ %tQ% voy%ﬁﬁ nd energetic efficiencies of the compressor, which is to draw larger
volume of b ) gessor's single compression cycle, it is desired to thermally insulate
the drawn low-temperature gas in the suction line from hotter parts of the compressor so that the

low-temperature 28, gastomm thrANEREARES MQW@%W%% velumeomradtstemperature is
kept low. One of the ma or causesb fntglble he tl[%ghthe nternal com onents of the compressor
S

is its disch&fYBREySEh, QS R SR §EMRHRES RIg- R

tempéra eiVels during the
compression cycle. The heat generated by the compression is dissipated to other components of the
compressoi 88k RGOS are many components along the suction line. These components include a
muffler, a cylinder head, and some pipelines, etc. Inside a commonly adopted reciprocating

compressor for a refrigeration system, the muffler is usually provided inside
10 Gas-compression refrigeration has been and sfiill is the most widely used

method for fridges and air-conditioning of large public buildings, private residences,
hotels, hospitals, theatres, restaurants and automobiles efc. The gas-compression
refrigeration system uses a circulating refrigerant as a medium, which absorbs and
removes heat from a location or space o be cooled and subsequently dissipates the

15 heat elsewhere.

A typical gas-compression system has four componentis: a compressor, a
condenser, an expansion vaive (also called a throtile valve), and an evaporator.
The compressor sucks low-temperature and low-pressure saturated gas from the
20 evaporator and compresses the gas to high-pressure, resulting in higher
temperature as well. To improve the volumetric and energetic efficiencies of the
compressor, which is to dréw larger volume of the gas within a compressor's single
compression cycle, it is desired {o thermally insulate the drawn low-temperature gas
in the suction line from hotter parts of the compressor so that the iow-temperature
25 gas from the evaporator can be pumped in larger volume when its temperature is
kept low. One of the major causes responsible for heating the intermnal components
of the compressor is its discharge system, as the refrigerant gas reaches its highest
temperature levels during the compression cycie. The heat generated by the
compression is dissipated o other components of the compressor.
30
There are many components along the suction line. These components include
a muffler, a cylinder head, and some pipelines, etc. Inside a commonly adopted

reciprocating compressor for a refrigeration system, the muffier is usually provided inside



2 the compressor shell at a gas suction side for conducting the received gas to a suction valve of the
compressor. The valve, with its valve plate, is the interface between the suction and discharge gas.
5However, it is difficult to prevent heat exchange between the low-temperature gas and other hotter
parts of the compressor because the drawn gas is present in the compressor within a narrow space
and short distances from the hotter parts of the compressor. One approach is to improve thermal
insulation for the storage or interface medium of the suction gas. These mediums can be
manufactured from 10materials of low thermal ¢ nguctivi%/%ﬁ,uch as resin;gpé% gtg:%.% ecently, there
| r.

are also sotie SHARERE s SEﬁgﬁosﬁﬁtb%\fé S |3%'ﬁeorfeﬁ$év &'suction
muffler suggested’ ithVODRHISERBINE hdvelesitindls tvedyacaatstidscHaniertster pefyigeratiegas
communicalipadnsidg fmafiierqln particular, 15 a first acoustic chamber of the muffler, which directly
receives low-temperature gas outside the compressor, is surrounded by a second acoustic chamber of
the muffler. This structure provides additional thermal insulation to the received low-temperature gas in
the firsk acoustic ctianreyer besadife et fleavdrdmediccsstangetaiveordbs kvrtsmicingtwalls of the

second acqyslic chambehidepasnthsrow-tlinRpratise 2 48 inidedhe st acoustisehamber.
However, the desrﬁiﬁ%n of two a%coustic chambers com Iiﬁaﬁs the internal Sttrucgi"ﬁ of the muffler and
the' 2k

increases tHIE HOFRTRS KL SUVAIAR 2188 QY &R 2 AR & the" T dHier.
Furthermorénethorsipresaral Strengtivrandhratidbilipobisetheutiel mewabiertdon ghentkedgg3A need

therefore existsdedrauida-solkting fal-adefagsratiussysiemuthat saeks tmaddneas-atieaskone of the
above 8roblems.. ? . . .
1 materials of low thermal conductivity, such as resins or plastics. Recently, there are

also some structural approaches to improve thermal insulation of the muffler.

One suction muffler suggested in WO02/101239A1 has designhed two

acoustic chambers for refrigerant gas communication inside a muffler. In particuiar,

15  a first acoustic chamber of the muffler, which directly receives low-temperature gas

outside the compressor, is surrounded by a second acoustic chamber of the muffler.

This structure provides additional thermal insulation to the received low-temperature

gas in the first acoustic chamber because heat flow from the exterior has to cross

surrcunding walls of the second acoustic chamber to reach the low-temperature gas

20  inside the first acoustic chamber. However, the design of two acoustic chambers

compiicates the internal structure of the muffler and increases the muffler's size

which also adversely affects the manufacturing cost of the muffler. Furthermore, the
structural strength and reliability of the muffler may be compromised.

25 A need therefore exisis to provide solution for a refrigeration system that

seeks to address at least one of the above problems.



SUMMARY In accordance with a first aspect of the present invention there is provided a 5 valve plate
for a compressor, the valve plate having a thermally insulating capability for thermally insulating a
suction muffler of the compressor from a discharge plenum in a cylinder head of the compressor.

The valve plate may comprise a first plate element made from thermally 10insulating material and a
second plate element made from metal. The figst and second plate elements may be joint by one
or more of a group consisting of press-fitting, injection molding, induction heating, bonding adhesive,
and ultrasonic welding. 15 The first plate element may be disposed to face the discharge plenum.

The valve plate may further comprise a third plate element made from metal, and the first plate
element is SaifdHiBRYd between the first and second plate 20elements. The first, second and third
plate elements may be joint by one or more of a group consisting of press fitting, injection molding,
induction heating, bondld% adhes%/h aafnd ultrasom(l; %ﬁeldlage]a? irst plate elic{ngnt may be

. t 13
configured to be r %3?/% AETeleds fo??ﬁg RRhE secdnd piate & enmlon TS e Fecess may be

formedbarovaie Fattién erifiveiregsersétone! mma%é%nm. thermlly detrid'plageaditient may
comprise agFRigRARANYoRsalgmfAsdismiaraernsilicedie therpnecess pake lanentgansdhendirst plate

element compngﬁ% g@r%%egmlgﬂf}%r Crg%%lr\gg the raised portion.

The valve plate may comprise a first plate element made from thermally

10  insulating material and a second piate element made from metal.

The first and second piate elements may be joint by one or more of a group
consisting of press-fitting, injection molding, induction heating, bonding adhesive,
and ulirasonic welding.

15
The first plate element may be disposed to face the discharge plenum.

The valve plate may further comprise a third plate element made from metal,
and the first plate eiement is sandwiched between the first and second plate

20 elements.

The first, second and third plate elements may be joint by one or more of a
group consisting of press-fitting, injection molding, induction heating, bonding
adhesive, and ultrasonic welding.

25
The first plate element may be configured to be received in a recess formed

in the second plate element.

The recess may be formed around a suction orifice in the second plate

30 element

The second plate element may comprise a raised portion around a discharge
orifice in the second plate element, and the first plate element comprises an opening

for receiving the raised portion.



4 The valve plate may comprise a first plate element made from thermally insulating material and a
metal coating on one or both sides of the first plate. 5In accordance with a second aspect of the
present invention there is provided a compressor comprising a valve plate as defined in the first
aspect. In accordance with a third aspect of the present invention there is provided a method of
thermal insulation applied in a compressor, comprjsing using a valve 10 plate having a thermally
insulating capability for thermally insulating a suction muffler of the compressor from a discharge
plenum in a cylinder head of the compressor. 15 BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be better understood and readily apparent to one of ordinary skill in

the art from the followirgverittatedayisaoIv s viafi'st SRippHeBIst drm EBRuREBIRWith the

drawings, ip¥heg2RateriaFigitre tehows:assbanatiedisgrasnituisiaiingre teawperature profile of a
refrigerant gas path inside a reciprocating compressor; Figure 2 shows schematic drawings
illustrating heat flow from high temperature discharge gas to the suction path at the suction and
dischafge interfade, arsiatitare PEEEYRIRIShasNaN @ REPERRE (H) F VNS RERSHGUERE according

to an examplg-gipradivi@Binprising a valve plate as defined in the first aspect.

In accordance with a third aspect of the present invention there is provided a

method of thermal insulation applied in a compressor, comprising using a valve

10 plate having a thermally insulating capability for thermally insuiating a suction
muffler of the compressor from a discharge plenum in a cylinder head of the

COMPressor.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

20

Figure 1 shows a schematic diagram illustrating a temperature profile of a
refrigerant gas path inside a reciprocating compressor;

Figure 2 shows schematic drawings illustrating heat flow from high femperature
discharge gas to the suction path at the suction and discharge interface, using (a) a

25  conventional valve plate and (b) an valve plate structure according to an example
embodiment.

Figure 3 shows a schematic drawing of a compressor according fo an example
embodiment.

Figure 4 shows a schematic drawing illustrating a valve plate structure according

30  to an example embodiment.

Figure 5 shows a schematic drawing illustrating a valve plate structure according
to an example embodiment.

Figure 6 shows a schematic drawing illustrating a vaive plate structure according

to an example embodiment.



Figure 3 shows a schematic drawing of a compressor according to an example embodiment.

Figure 4 shows a schematic drawing illustrating a valve plate structure according 30to an example
embodiment. Figure 5 shows a schematic drawing illustrating a valve plate structure according to
an example embodiment. Figure 6 shows a schematic drawing illustrating a valve plate structure
according to an example embodiment. 5 Figuee 7 shows a schematic drawing illustrating a valve
plate structure according to an example embodiment. Figure 8 shows a schematic drawing

illustrating a vaIveFPIate tructure acgordlngéo an ex ?nlpa? embo?lmen 5F| re 9 shoy%zs a schematic

drawing illustrating RIS PTAR 36Ut Wr%t'acé%vfdj ﬁg 54N examp Veéamab |men EPAITED

DESCRIPTHON @EmpleRefeedingetd Figure 1, the interior of a compressor 100 for hermetic

gas-compression gefligesations £xpesesiiosidicatingatagpemiergniofileabe witigerant gas along
its travelllng?path |n5|de the %rg%ﬁﬁssor 100. The present invention is applicable to both Hermetic and

semi-herm |c‘i,”%8)r<ﬁJ ?s%? be appreciated by a 15 person skilled in the art, the difference
betweén the herrﬁéﬂcrarﬂj%@miiﬁwh%ﬁm@n@&é‘%ﬂi%ﬁ@ﬁﬁ&t%@lmﬂﬁé&iéf%mﬁdfﬁ‘m@%e a
one-piece welged, L casigithaticannot be opened for repair. A semi-hermetic compressor uses a
large cast metal shell with gasketed covers that can be opened to replace motor and pump
components.

DETAILED DESCRIPTION
10
Referring to Figure 1, the interior of a compressor 100 for hermetic gas-
compression refrigeration is exposed for indicating a temperature profiie of a refrigerant
gas along its travelling path inside the compressor 100. The present invention is
applicable to both Hermetic and semi-hermetic compressors. As will be appreciated by a
15 person skilled in the art, the difference between the hermetic and semi-hermetic
compressors is that the hermetic compressors use a one-piece welded steel casing that
cannot be opened for repair. A semi-hermetic compressor uses a large cast metal shell
with gasketed covers that can be opened to replace motor and pump components.

20 The compressor 100 comprises a suction inlet pipeline 102, a suction muffler
104, and a cylinder head 108. The suction muffler 104 is disposed inside the shell 106
of the compressor 100. The suction muffier 104 connects fc the cylinder head 108
which has a suction plenum 116 and a discharge plenum 114 at its interior. The suction
plenum 116 receives the gas with lower temperature while the discharge plenum 114

25  receives the compressed gas from the cylinder chamber (hidden) at higher temperature.
The suction plenum 116 and the discharge plenum 114 are connected to a cylinder
chamber (hidden) via a suction valve and a discharge valve (not shown) respectively.
The discharge plenum 114 is further connected io the discharge pipeline 118 of the
compressor 100 via muffier cover discharge 110 and discharge line 112 for discharging

30 compressed gas at high temperature for the refrigeration system.

Along the travelling passage inside the compressor 100, initially, the low-
temperature refrigerant gas is drawn into the suction muffler 104 via the suction inlet

pipeline 102, either directly or indirectly. At the entrance of the iniet pipeline 102



20The compressor 100 comprises a suction inlet pipeline 102, a suction muffler 104, and a cylinder
head 108. The suction muffler 104 is disposed inside the shell 106 of the compressor 100. The suction
muffler 104 connects to the cylinder head 108 which has a suction plenum 116 and a discharge
plenum 114 at its interior. The suction plenum 116 receives the gas with lower temperature while the
discharge plenum 114 25 receives the compressgd gas from the cylinder chamber (hidden) at higher
temperature. The suction plenum 116 and the discharge plenum 114 are connected to a cylinder
chamber (hidden) via,a suction yalve and a discharge valye (not shown) respectively. The discharge
plenum 113?§n%r?ﬂ¥%rt§8nsnﬁeecﬁ:?te1gs %o (ﬁ%nctliﬁ??ghaegﬁlgp%ﬁﬁeyﬁéoﬂ?ﬁg%ﬁ ng%jégr[irﬂ%}é%igh?nufﬂer cover
discharge rroaresshisciacl ffe WPEy dscHaging 0ERaHesSepyas HighttentRsdture for the
lrefrigeratioargme@her t&@aﬁéh@faﬁaﬂi@@ ﬁhassagesinﬁd@ﬁ?mgoawms@a&eonmi@;ﬂIyothel
ow-temperature refriger S,is drawn into t uction muffler 104 yia t uction | ipeline 102,
either direcitw 'S?I{Hozld re%%@gz%?ﬁée %rﬁt?;ggsas of the %Fete&tﬁséﬂﬁee i%%n% %oﬁn%ﬁfngtoﬁmqeﬁgﬂﬁ {06 (point 1),
the ga$ hasrgieddnestudinpafdiiee s demessaiin csSupicalY Lotey Fsar & abit ¥ degree

Celsius. Whggrthemasiis qramn fyrbiapsiovaidsribens wiiedtdhdbis Temterumpdydbersteoundings to
typically about 47.9 degree Celsius at the entrapge (point 2). of th I 4, 5 Insi e muffler
104, the gécgat\ée 'Bgr%?urewiﬁry%%gll%%ﬁ ré\’ref’a?s{;%ﬁo F\ %)uq 8%%“ ergiﬂegegéé%iﬁ ﬁ(|\ooge;5fr’l?%é%efore
reaching th&0ylihgeichuialod FlfirecasvieshemrasidllirRppass \ihert ffeyleo@sied' et the suction
plenlém 11@;5&9%?@)@?&%’ deadd08Hhe temnperatiarie of thesgashamiyijcalbereashsesabout
66.9degree Celsius (point 4). The gas is then-drawn vi uction valve (not shoy e
compfgsse‘@ %iﬂﬁ%{/lfg)aaerp tha gée(ﬂid%g%)??ﬁg%g%h%ﬁiei%%ée \ég%/ eg%/ettf %igli\t%?g%‘f%harge valve
(not shownyalvel erviesbeme drtharjerplérudisthareptrieeyimddirada oglindsiaBape d¥tharge
pler;um 114n4he te@pREHHG0b R sOMpresseenyas-Buipisaly abaprddskd degree/pelsiys (point 5).
On leaving the cyli head 108, the gas starts te.cogl Al via muffler
cover disch%gralélﬁdf%daeg&e 3is(?:%ig'rﬁse ?r?éntil y %\%q(%%%ﬁ\gr%%epgggﬁ%ée?ﬁl%v Qfﬁgiﬂ%n rgssor 100,
the high tersfgeatarecehdioigh (ressuile Ry sitamncasls toapuiifien mysgrdecareris AP the point
(pointyg) wheye drexlisghargeinipeling @xirdhe $hedite6. 18 istaridestihaidie gas, has pidarge
temperature difference between the 20 adjacent.suctio a ' e : It has been
recognised%?/1 ﬂ?éaglf)rﬁli(aigét f%ﬁ rgﬁ%fjgrﬁ téarﬁgg%?arﬁg Sgé %gﬁt%%cglc? %}fégg@ﬁ%%ﬁgg% léé%am 114

constitutes pairsderts Whithesanhsigisrbardfy Rioatins rs i theestehgéature increase in the low
temperature suction refrigerant gas in the suction plenum 116 prior to compression. The increase in

the suction refrigeant gas eMpeIAie, £5 causes. Al NEeRse i Is preficgumeangeduces the
mass flow rate of{ e réfrigerant gas, which In turn Jeads f0 a drop in the compressor's efficiency due to

a red@étionadiaeing-gteformarred HiRChBIGR BRAYAS High- tefhPRsaRERN dEFRIREEEIY St the
discharge plepkeart Ihaasiueligs eshardnertsayrsesonidnirdhm compresaargirpaitenl @04also
ContribUteSégntsrlﬁu?gse rg”l:[t%g%ps%ﬁpélée\jv G aéga‘ainsligﬁificantiy contribute to the femperature
increase in the low temperature suction refrigerant gas in the suction plenum 116
prior to compression. The increase in the suction refrigerant gas temperature
25 causes an increase in ifs specific volume and reduces the mass flow rate of the
refrigerant gas, which in turn leads to a drop in the compressor’s efficiency due to a
reduction in cooling performance. [t is noted that the high temperature compressed
gas in the discharge plenum 114, as well as other heat sources within the
compressor structure 100, aiso contributes to the overall temperature increase in the
30 suction gas as the gas travels from the inlet pipe 102 via the muffler 104 into the
suction plenum 118, which can further contribute to an overall increase in the

suction refrigerant gas temperature.



30 suction gas as the gas travels from the inlet pipe 102 via the muffler 104 into the suction plenum
116, which can further contribute to an overall increase in the suction refrigerant gas temperature. 7
Figure 2a shows the cross sectional view of a cylinder head 202 bolted to the cylinder body 203. The
inventors have recognized that significant heat transmission takes place between the hot gas in the
discharge plenum 204 and the gas in suction muffier 205 though the valve plate 201, which is typically
made from a metal. 5 Through this the inventors have in particular recognized that, by creating a
barrier for heat transfer een the suction and d| char as at he val 0 ch a valve
plate structure caaﬁn ﬁl Ea\%}'fﬂy‘@o ﬁlﬁ{ﬂ%stgecl%)vneantv it qs%c i3 “n omg%é%ag? ga é‘% Iﬁ'p Figure 2b
shows the wsadiahbh@aﬂﬂ@wﬁhﬁmaﬁmkﬁﬁehﬁa&/mmm%t&*@Q@@@d‘rﬁ@?@ﬁ’f@ﬂ@ﬁ@ﬁd second

metal platezak%@sﬁ&@e%wgéﬂ %%&Q;aa |W|@\Te2éa§cﬂh%§§ Bremaniosuatinganaierabingbe plate
element 212 ]ﬁé)%{{% ff‘? d|n g %5? emb |metnt Tq inlet 21 functlons 5,88 a thermal
barrier to hiRderh r%?lr?t Ee asn the H%r gp e umaf% {0the gas |n ‘the suction
muﬁleﬁzlsrﬁmmamtageowmmmﬂm@wm|W@fﬁ@hd@b@rﬁﬁ%mm@%r 15

Valve platesstryciuie;Rd@astarsA §rRA hatwesniiairmgergssuieronas within thecempressor. It
contains both a SUC?IOH orlflc 220 and. a ischarge or ific 2 2 and tt}u%grovi es fluid communication

of the refrigerfCIPIEBoERSHES SERVRER TR n?%%crf rieharge FESEPS28*Whh open when
differential pegssinesidsbvredrio 2G ZAnSSeme mw‘m alﬁfw @@Se@@@fﬁﬁw\*ﬂ‘%ﬁﬁ BigRE low
pressure reggsa@%@u&m&tb@@emﬁ&@m@m%@&éedtmmel Srtuses2 valve platesstructure

210 p erably [rosion, C emical and wear res istant, as w as refer e|n ab e to withstand
high tﬁnpe?gtd?fg % “gf) pr%waes ?Hénsséia?tfo%reven ?egk%eep ik re?rllgné?an??ié nyJ?hé valve plate
structure 2 20caistingloves eirample PWsdiseahd bm@éﬁh%é\féﬁﬁéﬁﬂ% a ’ihﬁhﬁﬁﬁbb?ér B #schematic

drawings Oﬁﬁamﬁ%ﬂsﬁ%@{m&% PR mbaneNbisshows Mare RaEigutas a cylinder
head 300 is e osed P&?hr}[qg itg interjor structure and asserrkg The ﬁ%nder d 300 |sfgenerally
0

rectangularsfﬁ ouF SoPRERS RIS JRPAT (R uroc\:lgrrﬁerse our eequanQ/ea 30

apertures 3@8&@?&1@%@&/@% for bolting, using part 309a-d, the cylinder head 300 to the cylinder
body 807. Other components in the cylinder head assembly include valve plate structure 301,
comprising vaIveEE?%te 3 Ji< n%%ap Iatlngamgterla#gletggé) fe?e%' charge reed S%fh%suctlon

reed 303, and se d3a§ K dSh its into the Suc |5P1n8 enum (hidden) in

the cylindettsecriT30EEsS" it contains both a suction orifice 220 and a discharge orifice 222, and
thus provides fluid communication of the refrigerant. It is positioned between suction
reed 224 and discharge reed 226, which open when differential pressures between
20  zones are reached and aliow gases to flow from high to low pressure regions during the
compression cycie. Due to its functional attributes, valve plate structure 210 preferably is
corrosion, chemical and wear resistant, as well as preferably being able to withstand
high temperature. It also provides the seal to prevent leakage of refrigerant. Preferably,

the valve plate structure 210 also allows run-time low noise and smooth movement.

25

In Figure 3, a schematic drawings of a compressor according fo an example
embodiment is shown. More particular, a cylinder head 300 is exposed to show its
interior structure and assembly. The cylinder head 300 is generally rectangular in
shape with its four corners rounded off. At the four corners, four equal sized
30 apertures 308a-d are provided for bolting, using part 309a-d, the cylinder head 300
to the cylinder body 307. Other components in the cylinder head assembly include
valve plate structure 301, comprising valve plate 301a and an insulating materiai
inlet 301b, a discharge reed 302, a suction reed 303, and sealing gaskets 304, 305.
A suction muffler 306 fits into the suction plenum (hidden) in the cylinder head 300.



There are 2 alignment holes 310a-b at the rim of the valve plate 301a to provide reference guide
during assembly of the cylinder head 300 to the cylinder body 307. Figures 4 to 8 show
different types of valve plate structures according to different 5embodiments. Figure 4 shows a
valve plate structure 400, comprising two plates 401 and 402. Plate 401 is made of thermally insulating
material, while plate 402 is made of metal to provide strength. When assembled, the thermally
insulating material plate 401 will be 10 located towards the discharge reed (not shown). During the
compressi cIe t surface rr% val at tructure 400 facing the cylinde bore ot shown) is
made of m etgf Si"‘ét‘ee éﬁg?gr ly prevenﬁ % forhﬂ%t or?un)ggér h¥| reé)sure A flat
surface flnm‘fetﬁ-‘s‘t‘r@@ theamdiyinasesasntpin afdnalplness beas pidddealby @ﬁ@ﬁ#@d@ﬁﬁ}b%nt leakage.
The flatness of the thermally insulated valve plate can be ensured 15 through flatness control
methods such as, but not li m e I For e le, the vaIv late may be rupbed on a flat
surface with an a r'ggrvg such g4 saﬁ{:‘fi?p’)apr?a%rjE %Sreoi\érqv\f’/)eg’at% S'th Mcvement (%P kg@pmacgtme There
are prétrusimeaigBeo® formed on plate 401 and corresponding holes 408-12 formed on plate 402 to
facilitate press fitting of plates 401 and 402 during assembly. The cross sectional view 414 shows the
20 protrusions fro Iate 401 msert din t ng holes.in plate 402 401 can be
aligned and pressEf]’?? 'q wfhO ate X@ﬁe pi ure %rp r@rsga v%i\?é”&?‘t’ rgc 3%%5%58?0 J(i:%arerrpnsrng two
plates 501 BistE50, ﬁlﬁté@O@f %‘iméeydﬂﬁtiéﬁfﬁalWﬁfﬁt@l‘aﬂﬁ’g‘%ﬁ%ﬂé@%ﬁlI@?ﬁatéffﬂ)ﬂt% ihade of
metal to prev@eet%ggahwmﬁmmble@ ﬂke%@ﬁe&yydeeum@%materigla@éa@5%wa be located
towards th er not shown mpr, SSIOI’] cle, the surface valve plate
structﬂ(?e Siﬁf?icl‘:i]r?tg egc‘?y w%deqlr °8‘r‘é no?e n) o Made of me Cdnﬁﬁ)e?afmtatey %8 ﬁ%t
preferably pmt@mgfdémvm\e&@wmercnm%@m theﬂ%tthéﬁﬁ‘a@érﬁr(@t é‘f’@ﬁ@ttﬁefﬁﬁﬁﬁﬁnsulaﬁng

material plaiR{al]1 és peetemaly ansuned b?d%%@pbl@amg@e@@maﬂr@@ﬁeéshagnmmem shown in

Figure 4, there are no rotru corre ondl holes form th Iates 02, for press fitting. In
this embogﬁanen"f Bfater; &fz can eéggg%ﬂb dnﬁfreffal xam%iJq %Lﬁrnot n?t‘yte tore%n?ectlon

molding, ingtfEehheaitheg; Hmdfwg\aﬁeinﬁae pressFitintpURes dRivsveRih getdeensUERyure 6

showsg vatwemtﬂatﬂéﬁ%@@a%em@éiem theep platesirARda 692ap83g PratecR@? jeemade of
thermally msulatlr]g materlae {ﬁlatesfp? 03 are mad of metal t rowd% stren%h During the
Aadesr

compression cycle, ﬁ{é‘as‘h &VaIve pi p ae s struc uré 883¥§CSIH5 thg cs:?/ ABer bore Fnot shown)

is made of hedten.cbyrieand pTHNeeBEB Phisypredehiisly Diergents getbrriatrtheelomgachrsssure. A flat

surface finiata;@f dbe Haerewéémétatj%eematpletm@@bmu@e@m ensusesl epsaweny leakage. In
use, the met%a pate 891 6 3 e thus i in cont wﬁp the dlschar,%%griee%‘gn%t@honwr\;‘) apd the suction

urn BF 2 Cras
reed (not snown respectlve IS pretera sures gooa sur ace contact 10 an prevents Ieakage

Also, Havingreteisorfates @éﬁ&:éﬁﬁ ﬂﬁé&ﬂi@@h’aﬁﬁé SHEPSORIGAG Sols 1B sptetitidysmilde fiddh metal

preferably ingreases=raighilitinfosrexample Wue gotheonetal surface better withstanding the
reciprocating reed movements. Plates 601, 602 and 603 can be assembled by for example, but not

limited to, press fitting, injection molding, induction heating, bonding adhesive, ultrasonic welding etc.
15 Figure 5 shows a valve plate structure 500, comprising two plates 501 and 502.

Plate 501 is made of thermally insulating material, while plate 502 is made of metal to
25  provide strength. When assembled, the thermally insulating material plate 501 will be
iocated towards the discharge reed (not shown). During the compression cycle, the
surface of the valve plate structure 500 facing the cylinder bore (not shown) is made of
metal, i.e. metal plate 502. This preferably prevents deformation under high pressure. A
flat surface finish of the thermally insulating material plate 501 is preferably ensured to
30 prevent leakage. Compared to the embodiment shown in Figure 4, there are no
protrusions/corresponding holes formed the plates 501, 502, for press fitting. In this
embodiment, plates 501, 502 can be assembled by for example, but not imited to,
injection molding, inductionheating, bonding adhesive, press fitting, ultrasonic welding

etc.



Figure 7 shows a valve plate structure 700, comprising one plate 701 and an inlet 702. Inlet 702 is
made of thermally insulating material, while plate 701 is made of metal to provide strength. During the
compression cycle, the surface of the valve plate structure 700 facing the cylinder bore (not shown) is
made of metal, i.e. metal plate 701. 20 This preferably prevents deformation under high pressure.
When assembled, the thermally insulating materiaginlet 701 is inserted in a corresponding recess 704
and will be located towards the discharge reed (not shown). While a flat surface finish of the thermally
insulating material inlet 702 is again preferably ensured to prevent leakage, it will be appreciated that
the majority of the surface facing the discharge reed (not shown) 25 is made up by the surface of the

metal plate 701, Wilithepfefbratiyeeraluperldye ot eiHEc o adPHRAD tERh RIFE5IERe . SBfate 701 and
inlet 702 C%@@W&%@'@M&Qﬁ&%@fﬁﬁl@ iButinptdimianito, wres plitkecsonjenioaenaldiag, induction

heating, bonfdl eélﬁ?gohet%yl ug"reaf% talu &gf B%Ineggﬁgﬁﬁﬁdlmgguﬁgga& tOﬁJggV%s where the

SCcrews are Ins re ma 0) ormatlo under torque en screws 30 not

shown§ aresb”e'ﬁigr@l@Q&W@wgékﬁré%ﬁﬁ@ﬁbﬁ?%\?é?&éHOWédﬁ Fﬁﬁﬁ’@eOftH”@ert&I pigtel ?@iei@?ﬁus in contact
with both thﬁx@'%ﬁ@ﬁ!@ﬁimﬁ@\(mb shawmeaand (hesusianrees aorshaven)iddaigipesfetaily ensures

good surfagﬁegnqigp%cg} (Sam . r%%\éeaptﬁg nﬁi%ggo,ﬁl Q %rag{tgﬁsapééa@e&%\% %gb%qlﬁqg rge and

suction reeds’res ively meta y Increases re |a or examp e due to the

metal surfal segtar Wﬂl@ﬂﬁ%lr@@@@émﬁ@’t&ﬁﬁ@%%ﬂﬁ%&ﬁéﬁ?ﬁg@ roed Fijﬁ 8UHAIE a valve
plate structite $QQos0BRI{BIRG:HYAT AiesBRaNT B BrIate 804 inmastel el thermaliyscsulating

materjg, while plate 80% S mﬁ;%ﬁ%ﬂh Vg%% %sqgégcgw%@@c%% pres '%u&aeﬂe the

surface of tﬁe vg\ive ates r aC| g e re (not shown) iS made of metal, i.e.
metal plater8egs Wﬁ@%ﬁéﬁ%ﬁﬁﬂﬁﬁr@%’éﬁ@%‘ﬁf@%ﬁ by m%ﬂ@ﬁ@ﬁ?gﬂ%r@rﬂﬁ@rﬁ?&aﬁﬁé{b 802 in this
embodimenkgenapiisegasaisest nﬁgi@:aar&ﬁ@gar@mdl@mm@mﬂfmsﬂ.@nwrmﬁtewmmbled the

raised reglon ‘g%%i)s rec%ved in rgb?gérgipfgt %}6 r e q,g 805, Fﬂﬁ%&ei’o r‘bp%gslqﬁﬁ%tlr}%ﬁm)t@rial plate

801. This pre y “ehhanésSThe reli e due to the metal surface of the raised region
803 better Wighitenidgoies F&ﬁiﬂ?@cﬁﬁ'ﬂ@%éahﬁ%rﬁ RESNIC R SPEF &L finish of the thermally
insulatmg material inlet 802 is again preferably ensured. It will be appreciated that by having the metal
surface of the Figure 7 shows a valve plate structure 700, comprising ohe plate 701 and an
infet 702. Iniet 702 is made of thermally insulating material, while plate 701 is made of
metal to provide strength. During the compression cycle, the surface of the vaive plate
structure 700 facing the cylinder bore (not shown) is made of metal, i.e. metal plate 701,
20 This preferabiy prevents deformation under high pressure. When assembled, the
thermally insulating material infet 701 is inserted in a corresponding recess 704 and will
be located towards the discharge reed (not shown). While a flat surface finish of the
thermally insulating material inlet 702 is again preferably ensured to prevent leakage, it
will be appreciated that the majority of the surface facing the discharge reed (not shown)
25 is made up by the surface of the metai plate 701, which preferably ensures good surface
contact and prevents leakage. Piate 701 and inlet 702 can be assembled by for
exampie, but not limited to, press fitting, injection molding, induction heating, bonding
adhesive, ultrasonic welding etc. in this embodiment, because the regions where the
screws are inserted are made of metal, deformation under high torgue, e.g. when screws
30 (not shown) are being tightened, is preferably prevented. Also, in use, the metal plate
701is thus in contact with both the discharge reed (not shown) and the suction reed (not
shown). This preferably ensures good surface contact and prevents leakage. Also,

having the surfaces adjacent the discharge and suction reeds respectively made from



15raised region 803, in use, adjacent the discharge reed (not shown) preferably ensures good surface
contact and prevents leakage and may provide improved reliability. Plates 801 and 802 can be
assembled by for example, but not limited to, press fitting, injection molding, induction heating,
bonding adhesive, ultrasonic welding etc. Also, in use, the metal plate 802 and the raised region 803
are thus in contact with the suction reed (not 20 shgwn) and the discharge reed (not shown)
respectively. This preferably ensures good surface contact and prevents leakage. Also, having the

surfaces adjacent the discharge and suction reeds respectively made fro ref y increases
reliability, fg}egéaﬁgﬁfgr%gjé t'gf%?ea Sr%?eté%éahbﬁ%%e Bettér {/% %st%e‘f%i%% ﬁ‘]% %%%ST(?’(%%QS rgé rlnovements
25Figure 9wisiandinatve iseirsosaticsurReO 0 vRRMfetal coatings 902, 904 on both surfaces of a

thermally insulating material plate 906. This preferably ensures good surface contact and prevents

leakage. Also, haying the surfaces adjacent the discharge and suction re ecfi made from
metal preferably if@%&esgssge\fvasoﬁif’ﬁpg géjgrgtf)‘fgé {Jeegt{(i)%thcéa “ﬁ%ﬁ%‘f’%&’i‘g g t%egtfg%rﬂ Wﬁﬁ%gér{lzding the

reciprotatiftjatectP misvisasienes theomaiteinadiadng hatedalting i alad St isetrreifidPeRiddf the
_thet;]rgaztilpt/ i{pﬁ%}lﬁ%ﬁ%ﬂgﬁﬁﬁﬁﬁﬁhﬁemam&@gm%ﬁy be formed tt.;ls'mg ?/alﬁi@lglﬁet@(mﬂjqu% understood
ihe examplaCn 00 e MR 500, U PN (e ater i T g 802 At i
to, engineeriisiepsihiticseyants ademoNBiRyasieerbiohtuRag (PR THaitet palfe Med & (B1), Liquid
Crystal PolymgsdinteR), fokether ethelcketongidRE4K) snalyipheryiengsSulpiides(RP $Yats. The metal
The eMbodaE G el BRA RS B S B R e ror
provided byhesprdeiironmatsrialsoiafefdfn disimsaieintl anerdesidiedstahiiithpisveaiertfiermal
insulation sgigh dhatdhastictiarneasiemaperadureiicieos better withstanding the reciprocating
reed movements. A flat surface finish of the thermally insulating material inlet 802 is
again preferably ensured. it will be appreciated that by having the metal surface of the
16  raised region 803, in use, adjacent the discharge reed (not shown) preferably ensures
good surface contact and prevents leakage and may provide improved reliability. Piates
801 and 802 can be assembled by for example, but not limited fo, press fitting, injection
moiding, induction heating, bonding adhesive, ultrasonic welding efc. Also, in use, the
metal plate 802 and the raised region 803 are thus in contact with the suction reed {not
20 shown) and the discharge reed {not shown) respectively. This preferably ensures good
surface contact and prevents leakage. Also, having the surfaces adjacent the discharge
and suction reeds respectively made from metal preferably increases reliability, for

example due to the metal surface better withstanding the reciprocating reed movements

25 Figure 9 shows a valve plate structure 900, with metal coatings 902, 804 on both
surfaces of a thermally insulating material plate 906. This preferably ensures good
surface contact and prevents leakage. Also, having the surfaces adjacent the discharge
and suction reeds respectively made from metal preferably increases reliability, for
example due to the metal surface better withstanding the reciprocating reed movements.

30  Alternatively, the coating could be done on either side of the thermally insulated valve
plate. The metal coating may be formed using various techniques understood in the art,

including, but not limited to, vapor deposition, spray coating, electroless piating.



10 compressor may be reduced. Since a reduction in the suction gas temperature decreases its
specific volume and increases the mass flow rate of the refrigerant, this can lead to improved
compressor efficiency due to an increase in cooling performance. It will be appreciated by a person
skilled in the art that numerous variations 15 and/or modifications may be made to the present
invention as shown in the specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to be considered in all

respects to be illu%r?%ive and %ote %t;gtgctive. Zgﬁ 12 CI(_]F:\WS :era lvalve iE)l{ate for.a compressor, the

valve plate having a h%F%%Wﬁlnsulaﬁnyggga icf)(}ri‘%er; er?ngiﬁl mA]sHIaFfﬁ%% A &%{ﬁr}%u ¥ of the

compressoinfiofdea Bdisthatdepishiamananesiind v #ise 6fehescoiireustanesteeidalaéeplate as
claimed in giaim bneorypfishae Aidksirpiate Rigmenimade e thenmabpinrshtatngamréasial and a
second pla e e from metal. 103. alve plate as clajmed in claim 2, wherein the first
and seconﬁﬁﬁg elegrﬁqgﬁﬁse T Ig ?8;?5%’%%’1% o‘% ee(;f a_lgpoeupn%%l[ﬁlsislf?r‘?g o}n prtehses-fﬁ)fﬁlra?li%jection
molding, indudtiskriasidiAgsadading aiahbe.E i Nt istrid wesslisitered iron.

The embodiments described can provide a hybrid valve piate structure in which a
thermal barrier provided by respective materials, of thermally insulating characteristics,
can improve the thermal insulation such that the suction gas temperature in the

10 compressor may be reduced. Since a reduction in the suction gas temperature
decreases its specific volume and increases the mass flow rate of the refrigerant, this

can lead to improved compressor efficiency due to an increase in cooling performance.

It will be appreciated by a person skilled in the art that numerous variations

15 andfor modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive,

20



4. The valve plate as claimed in claims 2 or 3; wherein the first plate element is 15disposed to face the
discharge plenum. 5. The valve plate as claimed in claim 2, further comprising a third plate element
made from metal, and the first plate element is sandwiched between the first and second plate
elements. 20 6. The valve plate as claimed in claim 5, wherein the first, second and third plate
elements are joint by one or more of a group consigfing of press-fitting, injection molding, induction
heating, bonding adhesive, and ultrasonic welding. 257.The valve plate as claimed in claim 2, wherein
the first pla%gﬁﬁ%ent is configured to be received in a recess formed in the second plate element. 8.
The valve plate as claimed in claim 7, wherein the recess is formed around a suction orifice in the
second plate element. 30 9. The valve plate as claimed in claim 2, wherein the second plate element

comprises A raiseft pBMRRAIAID IRIPaCARERRTSR olifckalY SRl aeoMANS A< SERANINSHIPHRE first plate
element copapaseiyancpperingior incaiing the saised porfasr b8 Ik Thenvalvesplatecas eaimed in

claim 1, comprisi ' late.e e fr ly insulating material and a metal coating
o LG e At el
2. The valve plate as claimed in claim 1, comprising a first plate element made

from thermally insulating material and a second plate element made from metal.

10 3 The valve plate as claimed in claim 2, wherein the first and second plate
elements are joint by one or more of a group consisting of press-itling, injection
molding, induction heating, bonding adhesive, and ultrasonic welding.

4. The valve piate as claimed in claims 2 or 3; wherein the first plate element is
15  disposed to face the discharge plenum.

5. The vaive plate as claimed in claim 2, further comprising a third plate element
made from metal, and the first plate element is sandwiched between the first and
second plate elements.

20
G The valve plate as claimed in claim 5, wherein the first, second and third
plate elements are joint by one or more of a group consisting of press-fitting,
injection molding, induction heating, bonding adhesive, and ultrasonic welding.

25 7. The valve plate as claimed in claim 2, wherein the first plate element is

configured to be received in a recess formed in the second plate element.

8. The valve piate as claimed in claim 7, wherein the recess is formed around a
suction orifice in the second plate element.

30
9. The valve plate as ciaimed in claim 2, wherein the second plale element
comprises a raised portion around a discharge orifice in the second plate element,

and the first piate element comprises an opening for receiving the raised portion.



511.A compressor comprising a valve plate as claimed in any one of the preceding claims. 12.A
method of thermal insulation applied in a compressor, comprising using a valve plate having a
thermally insulating capability for thermally insulating a suction 10muffler of the compressor from a
discharge plenum in a cylinder head of the compressor.

13

10. The valve plate as claimed in claim 1, comprising a first plate element made
from thermally insulating material and a metal coating on one or both sides of the

first plate.

5 11. A compressor comprising a valve plate as claimed in any one of the

preceding claims.

12. A method of thermal insulation applied in a compressor, comprising using a
valve plate having a thermally insulating capability for thermally insulating a suction
10  muffler of the compressor from a discharge plenum in a cylinder head of the

COMpressor.



