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QEPRGFED STRUCTURE  OF LI NEAR COVPRESSOR BACKGROUND OF THE | NVENTI ON }p0s co oRy
Technical Field of the Invention 5 -~ The present invention rel ates
generally to an inproved structure of a |inear conpressor which nmay be used
in refrigerators or air conditioners. 2 Background of Related Art Japanese
Patent First Publication No. 8-247025 discloses a 1 O |inear conpressor
for use in arefrigerator which is designed to keep a top cl earance between
a cylinder head and the head of a piston whéen’lying at the top dead center
constant for avoiding an overstroke of the piston. The |linear conpressor,
however, has the drawback in that a decrease in anbient tenperature or

thermal load 1 5 of (MPROEVEDNSERUCTERE OF DINEARCOMPRESHORgEr ati ng
capacity because of the constant top clearance. The conventional |inear

conpressor al so encounters another drawback in that the efficiency of a
| i near notor which noves the piston linearly is poor because of an

i ncreased copper |oss of a cBACKGROUND OF THE INVENM@RY OF THE
INVENTION It is therefore a principal object of the present invention to
avoi d the di sadv@iechgdealoFieldeofpthednyentiont is anot her object of the

present invention t rovi de an | nproved structure of a conpressor whi ch
has a hi gh ®ffici enggﬁ)e @gesen e té?ﬂl?ﬁja & 8ﬁ§e dp #n ImpRroret ent

i nventi on, ther r a |linear r h conpr.i se a). a
her et i ¢ %‘ructd)re a 1near compresso eh ?1 may %e used inre n rgtors

or air conditioners.
2 Background of Related Art
Japanese Patent First Publication No. 8-247025 discloses a
10 linear compressor for use in a refrigerator which is designed to
| keep a top clearance between a cylinder head and the head of a
piston when lying at the top dead center constant for avoiding an
overstroke of the piston. The linear compressor, however, has the
drawback in that a decrease in ambient temperature or thermal load
15 of the refrigérator results in excess of a refrigerating capacity
because of the constant top clearance.
The conventional linear compressor also encounters another
drawback in that the efficiency of a linear motor which moves the

piston linearly is poor because of an increased copper loss of a coil.

20 SUMMARY OF THE INVENTION
It is therefore a principal object of the present invention to
avoid the disadvantages of the prior art. | _
It is another object of the present invention to provide an
improved structure of a compressor which has a high efficiency.
25 According to one aspect of the present invention, there is

provided a linear compressor which comprises: (a) a hermetic



tasing; (b). a block having forned therein a cylinder wi thin which a piston
oscillates to change a volune of a conpression chamber; (c) a linear notor
nmeving the piston within the cylinder in a first direction; (d) an elastic
unit which is connected at a first portion to 5 the block and at a second
portion to the piston to urge the piston in a second direction opposite the
first direction in response to the novenent of the piston through the
linear nmotor so that the piston oscillates in“the cylinder; (e) a pi ston
position sensor detecting a position of the piston to provide a position
signal indicative thereof; 1 0 (f) a top dead center position determ ning
circuit detern nasingn(bdct bidvck davingdormedethaeinta eylinkderheithistwhidlased
on the position signal provided by the piston position sensor; (g) an

osci |l ati on conpistiorcpscilliates dntchangag welvinhe aifi @ confprdssign siamber; ([@ta a
difference between the actual top dead center position and a 1 5 reference
top dead cent er lipgarimetonmeviagthe @iston ydthimibe;cydintemin a fisster ence
top dead center circuit, changing the reference top dead

center positiond %%Fit{"iﬁgn ?@%ﬁ%‘%i%ﬁbﬁd‘f’hi%w weanected afna dinstepertion to
tenper at ur o 5 ThERF S1BFk A K SERANAPREIOR 48 (IRt HEES thegpiston n
Cemperat ure mead rasiny Prétlin amud 3o A5 A32R00R 1\ 185BEREE No the

compr es90r out piSyRicht df e bstpH' tiBiadh e UMD Ptof REHIE Fhie histon

tcﬂgngio%r glsg c gi'gﬁfig%{teg%ntﬂi‘e cplipidRRe ¢e)t 2Ppidesy Fuitith BO364} ARtdATRE LN
position of the piston to provide a position signal indicative thereof;
10 () a top dead center position determining circuit determining an
actual top dead center position of the piston based on the position
signal provided by the piston position sensor; (g) an oscillation
control circuit controlling oscillation of the piston so that a
difference between the actual top dead center position and a
15 reference tdp dead center position of the piston is. decreased; and
(h} a reference top dead center position changing circuit changing
the reference top dead center position. |
In the preferred mode of the invention, an ambient
temperature sensor is further provided which measures an ambient
20 temperature. The reference top dead center position changing
circuit changes the reference top dead center position based on the
ambient temperature measured by the ambient temperature sensor.
An operating condition determining circuit is further
provided which determines a compressor output request. The
25 reference top dead center position changing circuit changes the

reference top dead center position based on the compressor output



-3 - request determined by the operating condition determining circuit.
According to the second aspect of the invention, there is provided a |inear
coenpressor which conprises: (a) a hernetic casing; (b)a block having fornmed
therein a cylinder within which a 5 piston oscillates to change a vol une of
a conpression chanber; (c) a linear notor including a stator and a rotor,
the rotor being connected to the piston to noye the piston within the
cylinder in a first direction; (d) an elastic“unit which is connected at a
first portion to the block and at a second portion to the piston to urge 1
O the piston in a second direction opposite the first direction in response
to the novenent refjuebe detetminetriopghet bperatingr comditiors @etbaminiieg Wifdom.
oscillates in the cylinder; (e) a pressure chanber forned in the block; (f)
a stator novi ng nmenbékcdeardimg) tdi o sedondaasmectt dfttlse dhwentibnt, derenisar
notor, the stator noving nenber 1 5 being nounted within the pressure
chanber sl i dabl prowidesd & lingar gampsessar wihicht comprigas; @) rastheametiecond
back pressure chanbers defined in the pressure chanber on_both sides of the

stator noving nERSERE Ee bigch hadng thersinng qydisder withisnwhdchiag
Chanber s 10 i ALS( OSCURIES 10 r SR Re AR TR P8 FORBD SR DRI IR 8 &
has Tormed t her drat P EoRERdRE TRTRNE ahiva LS U beti bR ' °°
Gt Rl shes and Brineele 8GR Wi SORS ibys MRS Bibig HRCCTERAEF hoa
pressure Chameﬁr@f“ﬁi?@éﬂﬁ%“(d)_%%l&éﬁ& @9 ¥B%ch is connected at a first

portion to the block and at a second portion to the piston to urge

10 the piston in a second direction opposite the first direction in
response to the movement of the piston through the linear motor so
that the piston oscillates in the cylinder; (e} a pressure chamber
formed in the block; (f) a stator moving member having disposed
thereon the stator of the linear motor, the stator moving member

15 being mounted within the pressure chamber slidably in the first and
second directions; (g) first and second back pressure chambérs
defined in the pressure chamber on both sides of the stator moving
member; and (h) a pressure controlling mechanism controlling a
difference in pressure between the first and second back pressure

20 chambers to shift the stator moving member, thereby moving the
stator to a desired position. |

In the preferred mode of the invention, the block also has
formed therein an inlet and an outlet communicating with the
compression chamber. The pressure controlling mechanism

25 selectively establishes and blocks communicétions between the inlet

and the first back pressure chamber and between the outlet and the



-4 - second back pressure chanber. An urging mechanismis further provided
whi ch urges the stator of the linear notor away fromthe conpression
chanber. According to the third aspect of the invention, there is 5
provided a |linear notor which conprises: (a) a rotor; and (b) a stator

i ncluding a coil and-an annul ar yoke retaining therein the coil, the yoke
bei ng made of a plurality of arc-shaped bl ockg each of which has forned
therein a groove in which a peripheral portioffof the coil is fitted. 1 0

According to the fourth aspect of the invention, there is provided a |inear
not or which conprises: (a) a rotor; and (b) a stator including an annul ar
yoke, the yoke kecondfbacikdpresstre dhlammberty of bl ocks each constituting a
circunferential portion of the yoke, each of the blocks including a central
section and first andi igisganachanisn isefifrithes pliovided dvivichbatrpesithes of
the central section, the central section being made consisting of

| ami nati ons madétdtornehthedgan motor myay firemethe eompitesisiary chamberr st
and second outer sections each being made froma material having a

permeabi lity | ower tHaeording dp &h?e%wdt aspecleef ithe imveniion| thare is

resi stance reafer. than that of the central section. In the preferred
nmode of thez‘?nvg’ﬁf’ d ?EEHF%IHQ‘EQTOW ighGargraiseshdakaatar: aBé (R of

crrcunt ex enti al HiGcieQRabtE &G ol SmgnBis PuEieleBing el the e
bl ocks of the yakg e§70§<e fid r? ﬁ?&&%: 3 egi)?@fﬁ}lil&:%:%?c-%ﬁqalp%%cﬁlo%fkst 0%et 1JfSt

and second outer séctions is Trfangurar .
which has formed therein a groove in which a peripheral portion of

the coil is fitted.

10 According to the fourth aspect of the invention, there is
provided a linear motor which comprises: (a) a rotor; and (b) a
stator including an annular yoke, the yoke being formed with a
plurality of blocks each constituting a circumferential portion of the
yoke, each of the blocks including a central section and first and .

15 second outer sections disposed on both sides of the central section,
the central section being made consisting of laminations made from
a material having a higher permeability, the first and second outer
sections each being made from a material having a permeability
loWer than that of the central section and én electric resistance

20 greater than that of the central section.

In the preferred mode of the invention, the laminations
making up the central section of each of the blocks of the yoke are
laid to overlap each other in a circumferential direction of the yoke.

The central section of each of the blocks of the yoke is '

25 quadrangular prism-shaped, and each of the first and second oﬁter

sections is triangular prism-shaped.



-5- The central section and the first and second outer sections are joined
to each other using resin. The first outer section of each of the bl ocks of
t he yoke has a protrusion formed on a surface facing in a circunferenti al
direction 5 of the yoke. The second outer section has fornmed in a surface
facing the circunferential direction of the yoke a groove in which the
protrusion is fitted for joining the blocks tq each other to conplete the
yoke. According to the fifth aspect of the invention, there is 1 0

provided a |inear notor which conprises: (a) a rotor; (b) a stator

i ncl udi ng an annul ar yoke, the yoke being formed with a plurality of bl ocks

each constituting a cThe¢ehersinééctiorneirid ¢hedfirgthend dekonkPoeitef skbBoblsocks .
being forned with | am nati ons made froma nmaterial having a higher

pernmeabi | ity; arade(joined tancadinother aisieg resirmi ning 1 5 the bl ocks on an
I nner surface thereof at regular intervals in a circunferential -direction
of the retainer, the The firseputexsadtiog of each pfrthebklocksdofthelaoke has a
strip menber being nade froma material_ having a perneability |ower than

that of the yokd®I@Eusienciarared on assuriagedaginginra wirgumiereniial divegtion,

each of the holders 2 hqol,di ng therein one of the plocks and being glued
on the stri pglrrer?%eﬁ".ey €h EFEPNE P SHSEFIM &5 sdin % suntage faging

o e 5 e gl R B S, TBRE LR W SRS
invention w il Be URAGHA! RORHEY forl Jhiknk "B bleks to each other to complete
| the yoke.
According to the fifth aspect of the invention, there is
10 provided a linear motor which comprises: (a) a rotor; (b) a stator
including an annular yoke, the yoke being formed with a plurality of .
blocks each constituting a circumferential portion of the yoke, each
of the blocks being formed with laminations made from a material
having a higher permeability; and (c) an annular retainer retaining
15 the blocks 6n an inner surface thereof at regular intervals in a
circumferential direction of the retainer, the retainer including a
strip member and holders, the strip member being made from a
material having a permeability lower than that of the yoke and an
electric resistance greater than that of the yoke, each of the holders
20 holding therein one of the biocks and being glued on the strip
member.
In the preferred mode of the invention, each of the holders is
made of a C-shaped member having disposed therein one of the |

blocks.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from the



-6 - detailed description given hereinbel ow and fromthe acconpanyi ng

drawi ngs of the preferred enbodi nent of the invention, which, however,
shoul d not be taken to Iimt the invention to the specific enbodi nent but
are for explanation and understanding only. 5 In the drawi ngs: Fig.
1 is an illustration which shows a |inear conpressor according to the first
enbodi nent of the invention; Fig. 2 is a graph which shows the efficiency
of a linear conpressor and a reference top dé&d center position in terns of
1 0 the refrigerating capacity; Fig. 3 is a cross sectional view which

shows a |inear GRFR{IEESQEsAIHALA ehOhteP@inwe&daﬁabﬁehg&F&te a&c&lg@)r?p%g .

I nvention; Fig. 4 is a cross sectTonal view which shows | near

accordi ng to theiraihgseshede Frferted BmBIUBNMOBE thedinventiod $/hiehl S a
partially cross sectional view which shows a |inear notor nay be used in

| i near - conpr essdravedtert, Fhduldshot bd takeh estlagiiteAe SnvEh@iorbtd $he &vecificew
whi ch shows an outer yoke of the linear notor of Fig. 5; 2 0 ig. 7

i s a | ongitudi n&mbedssentduitomsd fori explaaladioralany uniderstaredivig enlyt. in Fi g.
6; Fig. 8 is_a perspective view which shows fabrication of a coil fitted in
t he outer y&e of Fi g8 the grawimgsig. 9 is a perspective view which shows

one of separate 2 5 ocks. naki up the outer yoke of Figs. 6 and 7;
P li’lig. is an iﬂ%stlpation whic sﬁows a linea% compressor

according to the first embodiment of the invention;
Fig. 2 is a graph which shows the efficiency of a linear
. compressor and a reference top dead center position in terms of
10 the refrigerating capacity;
Fig. 3 is a cross sectional view which shows a linear
compressor according to the second embodiment of the invention;
Fig. 4 is a cross sectional view which shows a linear
compressor according to the third embodiment of the invention;
15 Fig. 5 is a partially cross sectional view which shows a linear
motor may be used in linear compl:essors of the first to third
embodiments;
Fig. 6 is a top view which shows an outer yoke of the linear
motor of Fig. 5;
20 Fig. 7 is a longitudinal cross sectional view taken along the
line VII-VII in Fig. 6;
Fig. 8 is a perspective view which shows fabrication of a coil
fitted 1n the outer yoke of Figs. 6 and 7;
Fig. 9 is a perspective view which shows one of separate
25 Dblocks making up the outer yoke of Figs. 6 and 7;
Fig. 10 is a top view which shows a modification of the outer

yoke in Fig. 5;



Fig. 10 is a top view which shows a nodification of the outer yoke in Fig.
5; -7 - Fig. 11 is aside viewof Fig. 10; Fig. 12 is a perspective
vi-ew whi ch shows one of the separate bl ocks of Figs. 10 and 11; Fig. 13 is
a top view which shows a second nodification of the 5 outer yoke in Fig. 5;
Fig. 14 is a perspective view which shows one of separate blocks in Fig.

- 13; and Fig. 15 is a perspective view which sbows a block retainer in Fig.
13. 10 DESCRI PTI ON OF THE PREFERRED ENMBODI MENT Referring now to
the drawi ngs, particularly to Fig. 1, there is shown a |inear conpressor
(also called a vibrating conpressor) according to the present invention
whi ch. The fol | ow ng Rigsdusis asidt vieweaSfeFigt A0;he |inear conpressor as
being used in a refrigerating 1 5 systemsuch as a refrigerator, but the
present invention is Kigt 12 is aepenspechivesdew whiehlshmwus amepf dhsoseparate

i ncl udes generally a hernetic casing 1 and a conpressor nechanism 2. The
conpressor mechdipeks »fiRigsud@sand|iHear notor 3, a 20 cylinder 4, a
piston 5, a hollow block 6, a cylinder head 7, and a spring assenbly 8 and

i s supported within tHE dasisng P We grhishspaews i sependgaiodiieatinb pf) they
| ubricating gil 1]t IS etllcﬁd og t he bottom of the casing 1.
outer yoke in Fig. 5;
Fig. 14 is a perspective view which shows one of separate
blocks in Fig. 13; and
Fig. 15 is a perspective view which shows a block retainer in

Fig. 13.

10 DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the drawings, particularly to Fig. 1, there is
shown a linear compressor (also called a vibfating compressor)
according to the present invention which. The following discussion
will refer to the linear compressor as being used in a refrigerating
15 system such as a refrigerator, but the present invention is not -
limited to the same.
The linear compressor includes generally a hermetic casing 1
and a compressor mechanism 2. |
The comipressor mechanism 2 includes a linear motor 3, a
20 cylinder 4, a piston 5, a hollow block 6, a cylinder head 7, and a
spring assembly 8 and is supported within the casing 1 through
suspension springs (not shown). A lubricating oil 11 is settled on
the bottom of the casing 1.
The block 6 has formed therein the cylinder 4 within which
25 the piston 5 reciprocates to suck, for example, a fefrigerant from

the inlet 7a into a compression chamber 9 and to discharge it from



The bl ock 6 has forned therein the cylinder 4 within which 2 5 the piston 5
reci procates to suck, for exanple, a refrigerant fromthe inlet 7a into a
conpressi on chanber 9 and to discharge it from -8- the outlet 7b to the
refrigerating system The notor 3 consists of an annular stator 3a and a
rotor 3b nounted on the piston 5. The stator 3a is nounted in a peripheral
wall of the block 6. Instead of the notor any ot her known noving 5
mechani snms nay be used which are capable of ?e0|procat|ng t he piston 5. The
spring assenbly 8 which consists of four spring discs 8a laid to overlap

each ot her andiRetfitiengpl fmqheq@ﬁq éfatﬁﬁé%‘%f g#) and 8c di sposed between
adj acent two of the spring discs 8a: 1-0 the spring discs 8a has

formed therein, for Texamdter ReenskePE =51 hhsnilar dehidie3gRIdd ASteE 3Wd s
connected at the center to the periphery of the piston 5 and at an outer

edge to an i nnemowatdd oh tle pistorn®. bThekstator 32 i AtAInteel R @S periptesal
I ncl udes a piston position sensor 1 5 14, an A/D converter 15, a top dead

cent er det er m walo€ithe blockes. dnstéad efdhe nptoed] arytcthepdsiéwanmoving
determning circuit 23, an oscillation controller 18, and an ac power :
supply 17. hemgechanismemayhe vsedrwhich mbmm‘tderdcrqmpmaﬁmgg rthei on
controller 21 and a base driver 22. The reciprocating notion controller 21
i ncl udes a 20 PI¥SP& ence top dead center position nmenory 19, an anplifier

20, a conparator 25 The i Ston tion,sensor 14 is_i | emented by a
di ffer en[rip al gng assepmf)i 8 which consists of forg)r spring discs 8a

laid to overlap each other and outer and inner annular spacers 8b
and 8c disposed between adjacent two of the spring discs 8a. Each
10 of the spring discs 8a has formed therein, for example, arc-shaped
slits to define spring arms and is connected at the center to the
periphery of the piston 5 and at an outer edge to an inner wall of
the hollow block 6.
The linear compressor also includes a piston position sensor
15 14, an A/D converter 15, a top dead center determining circuit 16,
a reference top dead center position determining circuit 23, an
oscillation controller 18, and an ac power supply 17. The oscillation
controller 18 includes a reciprocating motion controller 21 and a
base driver 22. The reciprocating motion controller 21 includes a
20 reference top dead center position memory 19, an amplifier 20, a
comparator 25.

The piston position sensor 14 is implemented by a differential
transformer and consists of a cylindrical coil 14a and a core 14b
made of a permanent magnet. The cylindrical coil 14a is connected

25 to an inner end wall of the hollow block 6. The core 14b is
connected fco the bottom of the piston 5. The movement of the core

14b (i.e., the piston 5) causes the coil 14a to output an electric



transfornmer and consists of ‘a cylindrical coil 14a and a core 14b nade of a
per manent magnet. The cylindrical coil 14a is connected 25 to an inner end
wal-l of the hollow bl ock 6. The core 14b is connected to the bottom of the
piston 5. The novenent of the core 14b (i.e., the piston 5) causes the coi
14a to output an electric -9- signal indicative of the position of the
piston 5 in an analog formto the A/D converder 15. The A/ D converter 15
converts the input signal into a digital sf&%hl and outputs it to the top
dead center determning circuit 16. The top dead center determning circuit

5 16 noni t or ssiizhal RAdIddtaR 6f théHduigbANOHRApestopNstikEas! MRdlod fdreh ttBe
A/ D converter 15 to output a top dead center signal to the reciprocating

motion contr ol ey AYZD Woenettts D55t Dhe A fBscoreatiied 16heohoertdeie aepher . The
reci procating notion controller 21 conpares through the conparator 25 an

actual top deasignahtinto 2 digifadsighahanfl ohEpypissitotw the ndpodead centéde t op
dead center signal with a reference top dead center position stored in the
reference top isingrcipogitt 16n Maeotgp Idead cehdeydathomining taceuisf a
voltage signal_ outputted through the anplifier 20 to the base driver 22
accor di ng go t he mppitars{he pegitiaan of thezpisten & hasedagncidin signalsfrom
position and t&%preflf)rence t op gead center positiogn. The base driver 22
controls the s copyRELET (19 do outpwa fop Jerd seater signahite theer

rovemint of 1 HECHPERaHTeE SBOBRm ConBoHleH 2l cREetoEIIRRR S AT EFAAE dead
center Posi Ll ¥hé¥p! dad YeRltBPo ThERreR1rockifify $iBHiSh BBRLIIRL b3

compares through the comparator 25 an actual top dead center

10 position of the piston 5 indicated by the top dead center signal with
a reference top dead center position stored in the reference top
dead center position memory 19 to change the amplitude of a
voltage signal outputted through the amplifier 20 to the base driver
22 according to the difference between the actual top dead center

15 position and the reference top dead center position. The base
driver 22 controls the supply of power (i.e., an output voltage) from
the power supply 17 to the motor 3 based on the inputfed voltage
signal to adjust the movement of the piston 5 so that the difference
between the actual .top dead center position and the reference top

20 dead center position is decreased to zero.

The reference top dead center position determining circuit

23 is connected to a temperature sensor 70 and an operating
condition sensor 75. The temperature sensor 70 measures an
ambient temperature. The operating condition sensor 75 monitors

25 a given operating condition such as a required thermal load (i.e., a
refrigeration demand) of the refrigerating system as a function of

the temperature within a refrigeratihg chamber of the refrigerating



The reference top dead center position determining circuit 23 is connected
to a tenperature sensor 70 and an operating condition sensor 75. The
tenperature sensor 70 neasures an anbi ent tenperature. The operating

. condition sensor 75 nonitors 25 a given operating condition such as a
required thermal load (i.e., a refrigeration demand) of the refrigerating
systemas a function of the tenperature MAEBHS a refrigerating chanber of
the refrigerating -10- system (e.g., a reffigerator). The reference top
dead center position determning circuit 23 alters the reference top dead

center positiog §{&heg3_'g.r3 4 hefriBdmryr)l9 according to the anbient
t enperat ure meagured y the 5 tenperature sensor 70 and the operating

condi tion of the refTHeeeRirengest Advatdeeheére pditibhedepaimining esaditi on
sensor 75. In operation, when the power supply 17 is turned on, the rotor.

3b of the noto233altersxitic eeferericattopadead ¢enterhpositiont storded indilreect i on,
as viewed in the drawing, along with the piston 5, pressing the spring
assenbly 8. Thenemorygl 2 ssmertling tortdetugebiant dempemtiwe cneasured &y fibe
piston 5 in the opposite direction, thereby causing the piston 5 to

osci | | ate, 9 nctemnergturel sgpspead) mqd fbevepening comglitionpeesbeon chanber
9 alternately. 1.5 . _The oscillation controller 18 adjusts, as

descri bed abov&efrigerating system mpnitersd e the gnerating gondition: $ensek or 3
so that the di %flser ence between the actual top dead center position of the
pi ston 5 nonitodred by the piston position sensor 14 and the reference top

In operation, when the power supply 17 is turned on, the
rotor 3b of the rhotor 3 is excited and attracted in a horizontal

10 direction, as viewed in the drawing, along with the piston 5,
pressing the spring assembly 8. The spring assembly 8 produces a
reactive force to move the piston 5 in the opposite direction,
thereby causing the piston 5 to oscillate, increasing and decreasing
the volume of the compression chamber 9 alternately.

15 The oscillatiori controller 18 adjusts, as described above, the .
output voltage from the power supply 17 to the motor 3 so that the
difference between the actual top dead center position of the piston
5 monitored by the piston position sensor 14 and the reference top
dead center position stored in the memory 19 may be decreased to

20 zero. The top clearance of the piston 5 (i.e., the gap between the
head of the piston 5 at the top dead center and an inner wall of the
cylinder head 7) is, thus, kept constant.

When the ambient temperéture and/or the required thermal
load monitored by the temperature sensor 70 and the operating

25 condition sensor 75 are decreased, it will cause a required
refrigerating capacity of the linear compressor to be lowered. The

reference top dead center position determining circuit 23 selects



dead center position stored in the menory 19 may be decreased to 2 0 zero.
The top clearance of the piston 5 (i.e., the gap between the head of the
pirston 5 at the top dead center and an inner wall of the cylinder head 7)
I's, thus, kept constant. When the anbient tenperature and/or the required
thermal | oad nonitored by the tenperature sensor 70 and the operating 2 5
condition sensor 75 are decreased, it mﬁllhiqqse a required refrigerating
capacity of the linear conpressor to be | owered. The reference top dead
center position determining circuit 23 selects one of reference top dead -
center positiopfiedf tefetende tisp dead ﬁ&ﬁ)tel?a?@ﬁtwhst be kaagrﬁgu%T‘al BiHp
tenperature and the thermal | oad of the refrigerating systemand alters the
reference top dased canthe rpositored ambiienbteshperatitee aEDtNe theeindload

reci procating notion 5 controller 21 so as to increase the top cl earance of
the piston 5. ehthearefrdgerating gystemaaadcalterstthe peferencd topudeadtdenter
refrigerating capacity .of the |inear conpressor to be | owered, thereby
avoi di ng t he eResiiprnawistesediasdiomemonyily of theeetipregatingrmetienr
(i.e., the capacity_ of the refrigerating system). 1 0 The |i near
conpr essor drayCRTElERcE Lide 25 40i1BRTERTT HaR tapi elsanancelofdlia pisteRo®. shBun)
QUi ck 1 of 11 gor MGRSPALAE CHATERCRLOL the RSt By CAHSERdPsTsgeRating
ot or ence top FaaEENSnd BBenk SRBHEh e BerloF etk ey ks Swidtg o
capacity rogar s CEoEre CRe ehibaBhoRl epa Rl BHE % Gob Rt odfh ™, 1’
(i.e., the capacity of the refrigerating system).
10 The linear compressor may also include a quick refrigeration
manual switch (not shown) which is installed in an operation panel
of the refrigerator. When the quick refrigeration manual switch is
turned on by an operator, the reference top dead center position
determining circuit 23 alters the reference top dead center
15 position stored in the memory 19 so as to decrease the top
clearance of the piston 5 for enhancing the refrigerating capacify
rggardless of the outputs from the temperature sensor 70 and the
operating condition sensor 75.
Fig. 2 shows results of tests performed by the inventors of this
20 application and shows that a change in reference top dead center
position to increase the top cleafance of the piston 5 causes the
refrigerating capacity of the linear compressor to be lowered, but
the efficiency of the linear compressor hardly changes until a ratio
of the volume of the top clearance of the piston 5 to the volume of
25 the cylinder 4 reaches 10%. Specifically, within a range of the ratio

of the volume of the top clearance of the piston 5 to the volume of

the cylinder 4 of 10%, the refrigerating capacity may be lowered to



operating condition sensor 75. Fig. 2 shows results of tests perforned by
the inventors of this 20 application and shows that a change in reference
top dead center position to increase the top clearance of the piston 5
causes the refrigerating capacity of the |linear conpressor to be | owered,
but the efficiency of the Iinear conpressor hardly changes until a ratio of
the volune of the top clearance of the pistqqéé_to the volune of 25 the
cylinder 4 reaches 10% Specifically, within range of the ratio of the
vol une of the top clearance of the piston 5 to the volune of the cylinder 4

of 10% the ref hipgoRtmAde§ARAN Adcdt@inBetd MM & iFéhmernta] %n@%fﬁgémi&g y
hal f according t0"the envifonnental and refrigerating conditions wThout

degradi ng the eltbnditiony withHdift Hegealingothie eficlentylof Re dihéde
refrigerating system Fig. 3 shows a |inear conpressor according to the
second 5 enbodi eentprdssolreandvidig eatire efrigeratingf systeer. nunbers as
enployed in Fig. 1 refer to the sane parts, and explanation thereof in
detail will be onittd&ighérshowsea lingear compreesen Accordingeto dheasenoinat
stator noving base 27, a pressure control system 25, and a controller 100.
10 Thé st gMbPodsneny ddde Twentipny yIine|saame referenas nganbers as ot or
3 on an inner wall thereof and_is _disposed within an annul ar chanber 50

formed in a per epmeloyed i Figs 1ineder £ (LB sAmmerparisTiRMd sxplanatinnniharegh
has first and seco ck..pressur anbers 26a and 26b defi ned between
Fetattiubesifed

ends of the anndf T®ends of the stator noving base 37,
respectively.

The linear compressor includes an annular stator moving base

27, a pressure control system 25, and a controller 100.

10 The stator moving base 27 rigidly holds the stator 3a of the
motor 3 on an inner wall thereof and is disposed within an annular
chamber 50 formed in a peripheral wall of the hollow block 6. The
annular chamber 50 hés first and second back pressure chambers

~ 26a and 26b defined between ends of the annuiar chamber 50 and

15 ends of the stator moving base 37, respectively.

The pressure control system 25 includes pressure control
valves 25a, 25b, 25¢, and 25d, connecting pipes 25e, 25f, 25g, and
25h, and pressure pipes 25i and 25j. The connecting pipes 25¢
arid 25f connect a suction pipe 24 which leads to the inlet 7a of the

20 compressor mechanism 2 with the pressure control valves 25a and
25b, respectively. The connecting pipes 25g and 25h connect a
discharge pipe 10 which leads to the outlet 7b of the COmMpressor
mechanism 2 with the pressure control valves 25¢ and 25d,
respectively. The pressure pipe 25i connects the pressure control

25 valves 25a and 25c with the back pressure chamber 28b through a

back preséure pipe 26b extending through the casing 1. The

pressure pipe 25j connects the pressure control valves 25b and 25d



The pressure control system 25 includes pressure control valves 25a, 25b,
25c, and 25d, connecting pipes 25e, 25f, 25g, and 25h, and pressure pipes
25i and 25j. The connecting pipes 25e and 25f connect a suction pipe 24
which leads to the inlet 7a of the 20 conpressor mechanism2 wth the
pressure control valves 25a and 25b, respectively. The connecting pipes 25g
and 25h connect a discharge pipe 10 which qufg-to the outlet 7b of the
conpressor mechanism?2 with the pressure contrbdl valves 25c and 25d,
respectively. The pressure pipe 25i connects the pressure control 2 5

val ves 25a and ZpghMHd balk &E%ﬁé&hﬁe?%ﬁ’%r&rﬁghtd"b‘&‘éﬁhg?e%ﬁ%zg}pe

pressure pipe 26b extending through the casing 1. pressure pipe
connects the prexGarextendingthrabhglethdStasing 25dEach-df e Prédsihe cBatkl
pressure chanber 28a through a back pressure pipe 26a extending through the
casing 1. Each ofalvés Qfets @5el ix)rfor exavaplec s 86keriond 2dvée whilchrisciefipdted a
sol enoi d val ve which is actuated by the controller 100. 5 The |inear
conpressor of t s thebeetitrelleral3® i ncl udes a tenperature sensor 70
nmeasuring the anbient tenperature and a pressure sensor 77 measuring the
pressure of @ refri géﬂamlm%rhc@nmr@swrs@ﬁahg@epnlp@dmz?huala%anelmmect eg
to the controller 100. Wien the apbi ent tenperature and/or the pressure o
the 1 0 refriger&RPERAILRE OO Ohpasyingthe grabienitezpppraiayerand a
mechani sm 2 are decreased, caus pi ston 5 t.o be_noved I_et%, as

it owill e t ,
viewed in the drpa’iﬁsﬁb‘fecﬁ?é}slqhﬁtrﬁﬁaﬁ\éﬁﬁlgcgﬁ? Sres3Ure & & refrgerant IRt h

the inner wall gt H?sc(i'}’alrjg%dﬁfpeh‘iﬁdwiiicﬁha?xreet:gﬁ%ected to the controller 100.

When the ambient temperature and/or the pressure of the

10 refrigerant discharged from the outlet 7b of the compressor
mechanism 2 are decreased, it will cause the pistoﬁ 5 to be moved
left, as viewed in the drawing, over the top dead center so that it
may collide with the inner wall of the cylinder head 7. Therefore,
when either or both of oﬁtputs from the temperature sensor 70 and

15 the pressure sensor 77 exceed given lower threshold values, the
controller 100 opens the pressure control valves 25a and 25d while
it clbses the pressure control valves 25b and 25c to establish
communications between the back pressure chamber 28a and the
outlet 7b and between the back pressure chamber 28b and the inlet

20 7a of the compressor mechanism 2. The inner pressure of the back
pressure chamber 28a is, thus, increased, while the pressure of the
back pressure chamber 28b is decreased, thereby causing the stator
moving base 27 to be urged right, as viewed in the drawing, to- shift

- the center of oscillation of the piston 5 away from the cylinder block

25 7. This avoids the collision of the piston 5 with the inner wall of the -

cylindef head 7 which will contribute to unwanted mechanical noise

and damage of the piston 5.



when either or both of outputs fromthe tenperature sensor 70 and 1 5 the
pressure sensor 77 exceed given |lower threshold values, the controller 100
opens the pressure control valves 25a and 25d while it closes the pressure
control valves 25b and 25c to establish comunicati ons between the back
pressure chanber 28a and the outlet 7b and between the back pressure
chanber 28b and the inlet 2 0 7a of the co E&ssor mechani sm 2. The i nner
pressure of the back pressure chanber 28a i$§,' Thus, increased, while the
pressure of the back pressure chanber 28b is decreased, thereby causing the

t at ing base 2%y ight i evied Qi i ng.. hi f t
Tha centor of oac) | FiE04 oW A 1 corib P dckordify ( Bk Ward 0 ST1
7. This avoi ds thebs@ichént oF 8k ihertich PhRnvid Rtk ﬁf‘ﬁ%fﬂ’\ﬁ{é otfe 5§8m

cylinder head 7 which will contribute to unwanted nechani cal nol se an

damage of the pirstRig. 3 only irl that B 6oil 4pHeyDRid diSHesDBREFEEA 2 H1QEF Ng
to the third enbodi nent of the invention which is different fromthe one
shown in Fig. 346nmoumtechan an dnher syall nd the helldwsbhwkd6hatdadie tdter &l
45 mounted on an _inner wall of the hollow block 6 and the stator 3a 5 of
the |inear rotopf3heHineapmolipred whiniy prgdpces suspring poessute tsthaildr tisa
frombeing shifted left, as viewed in the drawing. Qher arrangenents are

i dentical, and &l@hoEnia ifserm: heingshiftedidefti ps\wiewegein thetduawimgs. Otfher t he

| i near conpressor_of the second enbodinment in Fig. 1 0 3 is turned off the
| i near notor 3 ﬁﬁ&ﬁrb%e@ﬁagi@aewﬂsﬁtmé. ang; explanation dhereof iy dedail wilk be

viewed in the d(r)gwtpe% l_iam_vvaey froma desired

When the linear compressor of the second embodiment in Fig.
10 3 is turned off, the linear motor 3 may be stopped with the stator 3a
being shifted left, as viewed in the drawing, away from a desired
center of oscillation of the piston 5. When the linear compressor is
turned on from this state, it may cause the piston 5 to pass over the
top dead center and collide with the inner wall of the cylinder block
15 7. The coil spring 45 of this embodiment, as described above, holds
the stator 3a in-a desired position (e.g., the desired center of
oscillation of the piston 5) when the pressures within the back
pressure chambers 28a and 28b are balanced after the linear
compressor is turned off, thereby avoiding the collision of the piston
20 5 with the inner wall of the cylinder block 7 immediately after the
linear compressor is turned on. | |
Instead of the coil spring 29, an elastic member such as
rubber may be used.
| Fig. 5 shows a linear motor 3 which may be employed in the
25 above embodiments.
The linear motor 3 consists essentially of a stator 3a and a

rotor 3b. The stator 3a includes an annular inner yoke 101, an



center of oscillation of the piston 5. Wen the |inear conpressor is turned
on fromthis state, it may cause the piston 5 to pass over the top dead
centeer and collide with the inner wall of the cylinder block 1 5 7. The
coil spring 45 of this enbodi nent, as described above, holds the stator 3a
in a desired position (e.g., the desired center of oscillation of the

pi ston 5) when the pressures within the back pressure chanbers 28a and 28b
are bal anced after the |linear conpressor is turned off, thereby avoiding
the collision of the piston 2 0 5 with the inner wall of the cylinder block

7 immedi atel y afdrafuldi€olitdiepoke QU 58P £6il 10BN InhES yBRE 0H1 3
spring 29, an elastic nenber such as rubber may be usetltlr.1 Fié;’;6 5 g?uovégﬁﬂé‘{ﬁé

linear motor 3 whiteh yoke hO4eaqd syeirdd ohhthe? holloar BlSE @i L8 Bhewn i Fig.
| inear notor 3 consists essentially of a stator 3a and a rotor 3b. The
stator 3a incl udes Tre amter yokenh@4 hask ewdhagaetic peless102namidal03utEhe
yoke 104, and a coil 106. The inner yoke 101 and the outer yoke 104 are
secured on the HotenWhhinglkrdes asylindmical ipdiimganént Thagoet 407 akd had ties
two magnetic_pol es 102 and 103. The rotor 3b includes a cylindrical

per manent magnetPiston Mpagadhraugh the betiem thessothr ough™ t he bott om

Separ at e bl ocks 1045 110 8HLen Hake k1 0NARn R amTiin Fibed. 8 Baralty pfp,
Fo onahas " sadeRlafah w0 1690048, 848, A0 104ERhode &8 SuIESs 104
114a, 114b, 114c, and 114d are glued or welded to each other.
Each of the blocks 104a to 104d has, as shown in Figs. 7 and 9,
10 formed in an inner wall thereof a groove 113. in which the coil 106
is fitted.
The outer yoke 104 may be formed with at least two separate
blocks. |
In fabrication of the coil 106 and the outer yoke 104, the coil
15 106 is, as shown in Fig. 8, first made by tensioning and winding
wire around a bobbin 150 outward in a radial direction at high |
density. Next, the bobbin 150 is drawn from the coil 106 and fitted
into the grooves 113 of the blocks 104a to 104d of the outer yoke
104. Finally, the blocks 104a to 104d are glued or welded to each
20 other to make up the outer yoke 104.
The coil 106 may be impregnated with a resin liquid for
avoiding deformation and protection thereof.
In conventional linear motors, a stator is usually made by
winding wire within a groove formed in an .inner wall of a one-piece
25 annular outer yoke inward in a radial direction. It is, thus, difficult
to wind the wire under high tension. In contrast to this, the stator

3a of this embodiment is, as described above, made by fitting the



10 formed in an inner wall thereof a groove 113 in which the coil 106 is
fitted. The outer yoke 104 may be fornmed with at | east two separate bl ocks.
In fabrication of the coil 106 and the outer yoke 104, the coil 1 5 106
is, as showmn in Fig. 8, first made by tensioning and wi nding wire around a
bobbin 150 outward in a radial direction at high density. Next, the bobbin
150 is drawn fromthe coil 106 and fitted into the grooves 113 of the

bl ocks 104a to 104d of the outer yoke 104. FﬂH%TIy, t he bl ocks 104a to 104d
are glued or welded to each 2 0 other to make up the outer yoke 104. The

coil 106 my becoili 6aNnfiadhnd Rrindd Hy whibithd the'whCbatRrd b {HE rhofar

and protection thereo n conventi on 'i'near®notors, a s I s usually

made by wi ndi ng difdcion UNderrhiBW WAsIR], "B the ddovBEer 1 3 tHY bloQne1Rigece
2 5 annular outer yoke inward in a radial direction. It is, thus,

difficult to w id 10vedvdnicd joiing tHablé@as10%a t6 XM t8Séorhplétel the ldifter
stator 3a of this enbodinent is, as described above, made by fitting the

-1 6- coil 106, yokechO4s Thenmuil P6vofithixy enlibodirnentutiverefore) e a4 higlaér
direction under high tension, in the grooves 113 of the blocks 104a to 104d
and j oi ni ng & he spaseKectiaandea dataranumipteof tathes @ererolyaike as0domfbared
coil 106 of this enbodi nent, therefore, has a higher 5 space factor and a
greater nunber Stk thescopyenidonatklincaromoters vihis nedhiaesnaerapreraloss near
T omt 1o e SHAF s Jrophetonal 15 the squard of tirrent Howing through the

coil, thereby resulting in greatly improved efficiency of the linear

motor 3. _

10 Figs. 10, 11, and 12 show the first modification of the outer

yoke 104 used in the linear motor 3.

The outer yoke 104 of this embodiment includes twelve fan-
shaped separate blocks 104a identical in size and shape with each
other. Each of the separate blocks 104a consists of a central

15 portion 80 and first and second outer portions 90 and 101. The
central portion 80 is.formed with quadrangular prism-shaped
laminations 70 made from a material having a higher permeability.
The first and second outer portions 90 and 101 are each formed
with a triangi.llar prism-shaped member made from, for example,

20 resin having the permeability lower than that of the central portion
80 and the electric resistance greater than that of the central
portion 80. Each of the blocks 104 is fabricated by sandwiching the
central portion 80 between the first and second portions 90 and
101 and impregnating them with resin.

25 - Each of the first outer portions 90 has, as shown in Figs. 10

and 12, formed therein a circular recess or groove 210. Each of the

second outer portions 101 has, as clearly shown in Fig. 12, formed



coil, thereby resulting in greatly inproved efficiency of the |Iinear notor
3. 10 Figs. 10, 11, and 12 show the first nodification of the outer
yoke 104 used in the linear notor 3. The outer yoke 104 of this enbodi nent
i ncl udes twel ve fan- shaped separate bl ocks 104a identical in size and
shape with each other. Each of the separate bl ocks 104a consists of a
central 1 5 portion 80 and first and second outer portions 90 and 101. The
central portion 80 is fornmed with quadrangurdf7prisn}shaped | am nations 70
made froma material having a higher perneability. The first and second

ﬁghﬁérfﬁ?ﬂé"??o%ﬂe?%?* éﬁé&%ﬁ%ﬁsifgréﬁéﬁﬁf%%g e RPN, ¢ B3O8 L
Lhat of the confon® Rom DACRUTHERHEEEDS FEriing 85, By PR Gl Rty

sandwi chi ng t he gz iofaladiobf itA8 Skeobrl Waes: b%?tit:h@,ﬁ%gggltée&ﬁﬂéir%&m ons 90

and 101 and inpregnating themwth resin. 2 of the first outer

portions 90 hasgrasve 2V of rorfe gf théd Firsbulter petitad 90 &fceham@ BHAT Ul ar
recess or groove 210. Each of the second outer portions 101 has, as clearly
shown in Fi g 1diréctiomdhereofltd joirhallethe blagks Ad4zcal protrusion 220. The
assenbly of the outer yoke 104 is acconplished by inserting the cylindrical
protrusi on 220 of eadbrdt of Hheshlosks b anapdpe istwfacesfinisihed thefore thel ar
groove 210 of one of the first outer f)ortion 90 froman axial 5_direction
thereof to join OMteT (yokey L @dids aspeanbled. Alternatively, the outer yoke 104 may

be surface-finished after being assembled.

The eddy current loss of a linear motor is usué.lly proportional

10 to the square of the thickness of a yoke, but decreased greatly in
this embodiment by the formation of the central portion 80 of the
outer yoke 104 with the laminations 70 having the higher

permeability, which results in greatly improved efficiency of the
linear motor 3.

15 Each of the blocks 104, as'described above, has disposed on
both sides of the central portion 70 the first and second outer
portions 90 and 101 each having the lower permeability and higher
resistance, thereby minimizing the leakage of magnetic flux from
the central portion 70 of each of the blocks 104 to adjacent one,

20 thus resulting in a decrease in copper loss.

The outer yoke 104 of this embodiment does not have the coil
106, but may have the same as needed.

The inner yoke 101 shown in Fig. 5 may be fabricated in the
same manner as described above.

25 Figs. 13, 14, and 15 show the first modification of the oﬁter
yoke 104 used in the linear motor 3.

The outer yoke 104 of this embodiment includes twelve



Each of the bl ocks 104 may be surface-finished before the outer yoke 104 is
assenbl ed. Alternatively, the outer yoke 104 may be surface-finished after
bei ng assenbl ed. The eddy current |loss of a linear notor is usually
proportional 1 O to the square of the thickness of a yoke, but decreased
greatly in this enbodi ment by the formation of the central portion 80 of
the outer yoke 104 with the | am nations 70 ﬂgving t he hi gher perneability,
which results in greatly inproved efficiency®sf the linear notor 3. 1 5
Each of the bl ocks 104, as descri bed above, has di sposed on both sides of

the central paiddaatd blbRs 2115 hndNsh SEEPREOY Rk ﬂ%h%&“m%o ga¢K1gd trach

havi ng the | ower perneability and higher resistance ereby m n| m zi ng the

| eakage of nagslecke 215sf aompléddy GHuvmlinPPid i R4 HRnd %ﬁm Shgeks
104 to adjacent one, 2 O thus resulting in a decrease in copper Ioss The

outer yoke 104pm$mni-shapediagnirtiornt®@d Maiade forhhe ragtdrid0Ra

the sanme as needed. The inner yoke 101 shown in Fig. 5 may be fa r|c ed |n
the same mannepermealedityi bEledilovk. re2amer 216, kisgeleatR; shéwrand Hig. Sifw t he
first nodification of the outer yoke 104 used in the linear notor 3. The
out er yoke5101PQ§’¥Slﬁtﬁ of enplodp meambercR ifeandviwelve C-shiaped hepder 2181 ocks
215 and an annuyl ar bl ock retainer 216. Each of the bl ocks 215 is, as
clearly shown SLEP ngSFr?e]cQ\lﬁtﬂﬁ)abkﬂjm@gm%ﬁe ofi for exapeple, aeshat i ons

217 made fr Omvarhﬂﬁl Has P eh%\élrﬂlgea%1ﬂt39 Tower than that of the blocks 215 and

the resistance greater than that of the blocks 215. This avoids the
flow of magnetic flux through the strip member 219 between
10 adjacent two of the blocks 215, thereby minimizing the copper loss.

The C-shaped holders 218 are glued on an inner surface of the
strip member 219 at regular intervals and hold therein the blocks
215, as shown in Fig. 13, in a circumferential direction with regular
gaps 220. The formation of the gaps 220 between adjacent two of

15 the blocks 215 increases a surface area of the outer yoke 104,
thereby facilitating the cooling of the linear motor 3.

The outer yoke 104 of this embodiment does not have the coil
106, but may have the same as needed.

The inner yoke 101 shown in Fig. 5 may be fabricated in the

20 same manner as described above.

While the present invention has been disclosed in terms of
the preferred embodiment in order to facilitate a better
understanding thereof, it should be appreciated that the invention
can be embodied in various ways without departing from the

25 principle of the invention. Therefore, the invention should be
understood to include all possible embodiments and modification to

the shown embodiments which can be embodied without departing



perneability. The block retainer 216, as clearly shown in Fig. 15, 5
consists of a strip nenber 219 and twel ve C shaped hol ders 218. The strip
menber 219 is flexible and nmade of, for exanple, resin which has the
perneability | ower than that of the blocks 215 and the resistance greater
than that of the blocks 215. This avoids the flow of magnetic flux through
the strip nmenber 219 between 10 adjacent t of the bl ocks 215, thereby

m ni m zi ng the copper |oss. The C shaped holfders 218 are glued on an inner
surface of the strip nenber 219 at regular intervals and hold therein the
bl ocks 215, as shown in Fig. 13, in a circunferential direction with

regul ar gaps 2fem the prinuviplieoof dhe tineegtips 23Gdicfortie inatheepperided of 1 5
t he bl ocks 215 increases a surface area of the outer yoke 104, thereby
facilitating telainwsol i ng of the linear nmotor 3. The outer yoke 104 of this
enbodi nrent does not have the coil 106, but may have the sane as needed. The
i nner yoke 101 shown in Fig. 5 nay be fabricated in the 2 0 same manner as
descri bed above. While the present invention has been disclosed in ternms of
the preferred enbodinent in order to facilitate a better understanding
thereof, it should be appreciated that the invention can be enbodied in
various ways w thout departing fromthe 25 principle of the invention.
Therefore, the invention should be understood to include all possible
enbodi nents and nodification to the shown enbodi nents which can be enbodi ed
wi t hout departing -1 9- fromthe principle of the invention as set forth
in the appended



claims.  Substitut Uhe 2001 20 WHAT IS CLAIMED IS 1. A

| i near conpressor CONQYkdwiuhiIfE c casing; a block having forned
therein a cylinder V\/Inm“ﬂmmumml‘mn“n oscillates to change a volune of a
conpressi on chanber; a'#imnean mdtof nbving the piston within the cylinder
in a first direction; an elastic unit which is connected at a first portion
to said block and at a second portion to t piston to urge the piston in a
second direction opposite the first directinh in response to the novenent

of the piston through said |inear notor so that the piston oscillates in
the cylinder; a piston position sensor detecting a position of said piston
to provide a PIHAT 68 GLAMMED t8i cati ve thereof; a top dead center position
determning circuit determ ning an actual top dead center position of said
pi ston based on the position signal provided by said piston position
sensor; an oscillation control circuit controlling oscillation of the

pi ston so thatl-a dif fEIeaic EOPRTIRSEAT OMENBEISIAE: t op dead center position and

a reference top dead,center posjtion of the piston is decreased; and a
reference top dead %m&}fo§?§’r% changing circuit changing the reference

Lo dead EMer D03 il Roufh YaEhER chlyet | PO ERGHR AR Puldf ol o

ol ence o0 80 REPlR R el 190 £ i BRARASA SRRt once

head of said bl ock 2fdhearNeatoLnéNRgPii Piston within the cylinder in a first
direction; ' '

an elastic unit which is connected at a first portion to said

10 ©block and at a second portion to the piston to urge the piston in a
second direction opposite the first direction in response to the
movement of the piston through said linear motor so that the piston
oscillates in the cylinder;

a piston position sensor detecting a position of said piston to

15 provide a position signal indicative thereof;

a top dead center position determining circuit determining an
actual top dead center position of said piston based on the position
signal provided by said piston position sensor;

an oscillation control circuit controlling oscillation of the

20 piston so that é difference between the actual top dead center
position and a reference top dead center position of the piston is
decreased; and

a reference top dead center position changing circuit
changing the reference top dead center position.

25

2. A linear compressor as set forth in claim 1, further

I —
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This Sheet Has Been Replaced
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\A,Hen the | oad

anbi ent tenperature sensor which nmeasures an ambi ent tenperat _
wherein said reference top dead center- position changing circuit changes

A linear conpressor as set forth in claiml1, furthe -21- C“!mmlmu“"ﬂll" l"l
't L *

the reference

on the linear conpressor is reduced. REPLACEMENT SHEET 2.

top dead center position based on the anbient tenperature

nmeasured by said 5 anbient tenperature senﬁgr_. 3. A | inear conpressor
perating

set forth in claim1, further conprising an

circuit which

condi tion determni
determ nes a conpressor output request, and wherein said 1

s

as

ng
0

reference top dead center position changing circuit changes the reference
top dead cent ecompgpsisingnahasabiant térmperaprressensautitithr egassireseirer n ned
by said operating condition determning circuit. 4. A | i near conpressor
conpri sing: 1 @&nbient tempenadure, and winerairblsaddt refererge topretead eeniter a
cylinder within which a piston oscillates to _change a volune of a

conpression c

Hae@ition ghanging ¢isewit changes theareferenee 4ap deadtesnterhe

rotor being connected to the gilston to npve the piston within the_cylinder
cdpp

ina 20 firstPof bas

§AMbICH; teriReratyre megsseeddonsaids i rst

portion togsaid Iocr and at ,a _second portion to the piston to urge the

piston in S

SUoRICH

FSBW%&%E%(??PF@H he first direction in response to

t he novenent of the piston through said |inear notor so that the piston

10

15

20

25

3. A linear compressor as set forth in claim 1, further
comprising an operating condition determining cifcuit which
determines a compressor output request, and wherein said
reference top dead center position changing circuit changes the
reference top dead center position based on the compréssor output

request determined by said operating condition determining circuit.

4. A linear compressor comprising:

a hen;netic casing;

a block having formed therein a cylinder within which a
piston oscillates to change a volume of a compression chamber;

a linear motor incIuding a stator and a rotor, the rotor being
connected to the piston to move the piston within the cylinder in a
first direction;

an elastic unit which is connected at a first portion to said
block and at a second portion to the piston to urge the piston in a
second direction opposite the first direction in response to the
movement of the piston through said linear motor so that the piston
oscillates in the cylinder;

a pressure chamber formed in said block;



25 oscillates in the cylinder; a pressure chamber formed in said bl ock;

-2 2 - a stator noving nenber having di sposed thereon the stator of said

| irnear notor, said stator noving nenber being nounted within said pressure
chanber slidably in the first and second directions; fi rslummlﬂﬁmﬂﬂllrmﬂll
pressure chanbers defined in said 5 pressure chamber on boWmiE i
stator noving nenber; and a pressure control_gié;_g nmechani sm coft rbl I nd a
difference in pressure between said first an econd back pressure chanbers
to shift said stator noving nenber, thereby noving the stator to a desired
position. 1 0 5. A linear conpressor as set forth in claim4, wherein

sai d bl ock al so has fostakdr rhevizighmeembet diaving disposetethereomuithie statoy of
w th the conpression chanber, and wherein said pressure controlling

mechani sm sel ecsaigklipeast motosheaidaathtor cokying mcmhc:nlir:]cia@ nlrmllb'mdé\ﬂéﬁhirhe
inlet and the first back pressure chanber and between the outlet and the
second back pre8aid presstsechagber alidahbain dhephesisandasecond direqtions;

claim4, further 20 _copprising ap.,urging mechanj smwhich urges the stator
of said |inear not orﬁéﬁggnl‘fﬁ?f&?‘?@ Pg%%sf‘b‘f? ehamRers 3?5113&1& not or

compri sin9: e 1 9Ll AenZniber on bi SR of Hb a0 TSl ARG MY

a pressure controlling mechanism controlling a difference in

pressure between_ said first and second back pressure chambers to
shift said stator moving member, thereby moving the stator to a
desired position.

10
5. A linear compressor as set forth in claim 4, wherein said
block also has formed therein an inlet and an outlet communicating
with the compression chamber, and wherein said pressure
controlling mechanism selectively establishés and blocks

156 communicafions between the inlet and the first back pressure
chamber and between the outlet and the second back pressure

chamber.

6. A linear compressor as set forth in claim 4, further
20 comprising an urging mechanism which urges the stator of said

linear motor away from the compression chamber.

7. A linear motor comprising:
a rotor; and
25 a stator including a coil and an annular yoke retaining therein

the coil, the yoke being made of a plurality of arc-shaped blocks



the coi |, the yoke being nade of a plurality of arc- sha@‘d‘tl—ocks\ﬁ’_l?,“

each of which has forned therein a groove in which a per| of
the coil is fitted. 8. A linear notor conprising: 5 M'gm"m U’I[HU
stator including an annul ar yoke, the yoke being fornmed wt f
bl ocks each constituting a circunferential portion of the yoke, each of the
- blocks including a central section and first pnd second outer sections

di sposed on both sides of the central sectiof;"1 0O the central section
bei ng made consisting of |am nations nade froma material having a higher
perneability, the first and second outer sections each being made froma
mat eri al havi ng eacpeofredtichi has |fommed teereiha gobovddncowhictala periphetabnd
an electric resistance greater than that of the central section. 1 5 9. A
| i near not or asp@@ﬁombpgﬁhbﬂxdlé$dﬂ$¢dmherein the | am nations making up the
central section of each of the blocks of the yoke are laid to overlap each
other in a circunferential direction of the yoke. 2 0 10. A linear notor
as set forth in_claim wherei.n t he central section of each of the bl ocks
of the yoke is <§Jadr eﬁﬂz’lﬂeﬁr MM CARBPSHEand each of the first and second
outer sectigns is tri_an Iar I smshaped. 2 5 11. A linear notor as set
forth in clalm8§, whér & entral section and the first and second

outer sections are jg¢ Qf‘ﬂo&‘qn‘éﬁf&ng an annular yoke, the yoke being formed with

a plurality of blocks each constituting a circumferential portion of
the yoke, each of the blocks including a central section and first and
second outer sections disposed on both sides of the central section,

10 the central section being made consisting of laminations made from
a material having a higher permeability, the first and second outer
sections each being made from a material having a permeability
lower than that of the central section and an electric resistance
greater than that of the centrai section.

15 |
9. A linear motor as set forth in claim 8, wherein the laminafions
making up the central section of each of the blocks of the yoke are |

laid to overlap each other in a circumferential direction of the yoke.

20 10. A linear motor as set forth in claim 9, wherein the central
section of each of the blocks of the yoke is quadrangular prism-
shaped, and each of the first and second outer sections is triangular

prism-shaped.

25 11. A linear motor as set forth in claim 8, wherein the central

section and the first and second outer sections are joined to each



-24- other using resin. 12. A linear notor as set forth in claim8, wherein

the first outer section of each of the bl ocks of the yoke-has—a—protrusion
formed on 5 a surface facing in a circunferential di rectigmﬂﬁ “I

and the second outer section has forned in a surface facin J ﬂimmnn”“l
circunferential direction of the yoke a groove in which th uSimn ¢ s+

fitted for joining the blocks to each other hg conplete the yoke. 1 0 13. A
| inear notor conprising: a rotor; a stator i ﬂﬂding an annul ar yoke, the
yoke being formed with a plurality of blocks each constituting a
circunferential portion of 15 the yoke, each of the bl ocks being forned

wi th | am nat i onothedeusingnresinnat eri al having a higher perneability; and an
annul ar retainer retaining the blocks on an inner surface thereof at

regular intervals in a circunferential direction of the retainer, said
retainer including a strip nenber and holders, the 2 0 strip nenber being
made from a mat &3-al Ahdinesy moler msaset fargh| imnelainn & whereiof thefirgdloaitend
an electric resistance grea er than_ that qof the yoke, each of the_hol ders

hol di ng t her ei n SSEIO3 of ach) efcthe blrclserhihginlie basta@retrugionefarscd o5
NGRS A% SRR T R ML
second outer section has formed in a surface facing the
circumferential direction of the yoke a groove in which the
protrusion is fitted for joining the blocks to each other to complete
the yoke.
10
13. A linear motor comprising:
a rotor;
a stator including an annular yoke, the yoke being formed with
a plurality of blocks each constituting a circumferential portion of
15 the yoke, each of the blocks being formed with laminations made
from a material having a higher permeability; and
an annular retainer retaining the blocks on an inner surface
thereof at regular intervals in a circumferential direction of the
retainer, said retainer including a strip member and holders, the
20 strip member being made from a material having a permeability
lower than that of the yoke and an electric resistance greater than

that of the yoke, each of the holders holding therein one of the
blocks and being glued on the strip member.

25 14. A linear motor as set forth in claim 13, wherein each of the

holders is made of a C-shaped member having disposed therein one



25 - of the bl ocks.

Iy
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of the blocks.



