Conpressor Power Control Background of the Invention
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[0004] One way in which the speed control is accomplished is by way of a
power electronics unit which is used to selectively vary the power to the drive
motor, and in particular, by varying the current, x}oltage and/or frequency thereto.
When using such a unit with its various electronic components, it has been
recognized that even the most robust power electronic systems are subject to
malfunction and/or failure unless they are protected from certain unfavorable
conditions. Firstly, it is recognized that the inverter must be protected against
overheating. This is often accomplished by the use of heat sinks and by providing

fans to circulate air through the electronic components to provide the necessary
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electronics unit is mounted directly to the side of a hermetic compressor, with the

compressor itself being mounted on shock mounts. In this way, the power
electronics unit derives the benefit of the compressor mounting system without the
need for its own resilient mounting system.

[0009] In the drawings as hereinafter described, a preferred embodiment is
depicted; however, various other modifications and alternate constructions can be

made thereto without departing from the spirit and scope of the invention.
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one aspect of the invention. Description of the

AP estriptien ot Buefenyed EpdodizienRef erring to Fig. 1, the

i tion i

PR i o SRR Rt B o A By R B rcina

croysr elsstomickPackage hl is Neppddatdy hitachéreio @ gpmprgsdoe 12, with the

d e r 0016] The

c?e%a(il{s él%:?g)f [?(Plge defsé'f'lbe%mla% ﬁhyﬁér&%gfgeé[ssor JNI th the motor

e[ﬁﬂl&js ed i The b@anaSom@ 1an dientmzylc b@fnlaresselcw(dt the atotargnclosed

conpressor,. a no onpr essor tg,crcol | ess0r o a Scroll

cOiprEsst” “ﬁy esa re%%’f? At %8‘1’“‘”8“8 BEVEd WP g2

r @ﬁﬂpr@emaﬂt i® opesatiseprephdeated mmmmm getatios systea thﬁtl insdades,

rel ati conde ser cqi E an. eﬁgansi evi ce

1& se%ﬂglogﬁelaﬁon 1p, a condenscr col an e’xpansmn Vice 4 and an

evaporator coil 16. It preferably also includes a receiver 18, a filter/dryer 19, an

economizer heat exchanger 21 and a liquid injection valve 22.

[0017] The evaporator coil 16 is so positioned within the cargo space 17 as
to provide cooling thereto, and one or more fans 23 are provided to circulate the air
from the cargo space over the evaporator coil 16. Similarly, the condenser coil 13 is
so positioned that its fan 24 is operable to circulate ambient air thereover fo’r
purposes of condensing the refrigerant gases within the condenser coil 13.

[0018] In operation, the refrigerant gas passes from discharge service
connection 15 of the compressor 12 along line 26 to the condenser coil 13 with the
condensed refrigerant then passing along line 27 to the receiver 18 where liquid

refrigerant can be temporarily stored. The liquid refrigerant then passes along line
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Sce;nvble%?owged %’Cottklxe? gpparatus such as a PWM (pulse width modulation) unit or
even a variable resistance power electronics package.
[0023] Referring now to Fig. 2, the compressor 12 and the mounted power
electronics package 11 is shown in greater detail. The compressor drive motor M is,
of course, operably disposed within the compressor 12, which is mounted in a
vertical position by way of a base 39 being attached to a pair of resilient shock
mounts 41 by bolts 42. In this way, the compressor 12 is protected against any

shock that may otherwise be transferred thereto by way of jarring motions or sudden
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to the suction inlet of the compressor 12. In this way, the electronic components can
be more efficiently cooled than by way of the usual method of circulating air
thereover, and will thus allow for the reduction in size and weight of the power
electronic package 11. Further, it will allow operation of the system in a more harsh
environment such as at higher ambient temperatures and higher shock loads.

[0028] Considering now in greater detail as to how the refrigerant is applied

to cool the electronic components, reference is made to Figures 3 and 4 where two



of electrical line 48, and the power electronics 44 is
el ectrically connected to the notor My way of
web®@ctisioenl |ine 49, preferably by way of a fuBCT/8S2006/023303
menber 50. [0026] A control device Cis electrically
| pltesnativerase shosimb dn oash sasehibe powsclestrariesimapkags 1415 divided
[ f
¢ Ao B8l Ly PRek Ria Tk sK s KRihOT SRRNFR). Vifhe
nmrmecﬂxnns lyeing divided byl aminteroediatgivall or beat sink 6bp Bhithin theal
PREATRIEH SR ANS b OB i e BRLOMRLAY hilgHwke the
ntro y way of various I|nhputs |n Icate
nenmxhag s5®i00{1<®@2>?q suely ef fwanplﬁpmma@ﬂdtgatdtapplarh@nmstors
: EI?}#T'S)S rnlliahr?{i[’gglgé ?‘g gegrf%fg tors att L O]:uré'l 2 olﬁ%%onrl]%ur?{ed to
Wittethiest sirlie1iam Vlmvdne Thp hew sink Icmsistscuf Iamgthhyna\H@yomiuctlve
ci r}cag £ .Elg the returning refrigerant gas
gh. That is, at one side 53 of the housing
4{110291 ovi silatheirsfrigadtion @ciidi 90 theard hplufaliovefbbatstaaéfeon

P BmEE POLSR sl sty B R o chgpd 1SS epomeie

t Besighedvey melimik rtlszarHe@ﬁra!iaéfer ahaet fr6th fegRARRk @1as tHellew
fl ows out the other_sid with the flow stream 57

t FrEwpepire Fefideerant thatflayy OBEh Thﬂﬂ segtiog 1n Hig- 3 dogsawslsy the

1 Beat kfinsidte @i cotPisetl fRehkit9 E @aﬁﬂﬁmmeﬂhé‘relﬁfﬁﬂF%ﬂ R €
effici entlé cool ed than_by vvag of the usual method of

c Peat {rpusfr glyments wmwwémlﬂaﬁ staggered paieratgd PB‘\WSfGér It he
r eﬁa&ﬁdnome I éh%@raawreﬁege&af ﬂgxl@s ihidenPRWE b4, 8LREL O Héa‘%

package . Iowoperatlon of the

sygle%%eleﬁleats §2 PeOhandstit efthe pwlehBnwhere ipasses tatthesugtien of

ahi AP

Comr?fsclgﬁl ?e:éﬁg noﬁéo?%&s?%gg%ﬁh%gﬁf@%@hﬁeé géam[vgﬁ%g;p the

r ePWergwiteling $eyn@qm§u¢t@ra belowacpécifiddeonierssmiemidactor case

C QRGRE. SMa£lﬁI1£ﬁ§fﬂg Eﬁévec‘r s%%gnciugt E L&Y Ee%ﬁ)efhhtlﬁg qu' aleegs

ternatives a n each case e power
e pe‘a@rrdaﬂmp@tsoqme’amfﬂle posved sentickadudtont and Steer¢hiyatlow agmaller
ion

gX\% sgljnggltld’ug{é ﬁgctk%écf%){ﬁ)l g%ng elﬁ% ﬂlgﬁa %;%We{ %% élog Ehe effect

i of the neding twill tetefore mimiedde the sike @ the pmbvtehswutcﬂlhg power
Igngltgn%nl cs section 58 are |ocated the power
ePERFPEHTRS and the power swi tching seni conductors

smﬂ30]as f Mefaringpl Kg. 35, ﬂﬁlpbﬁbﬁiém@@h@mbjr poter dissipation de-

transi stors wer switc

1s). .T
R TR b o bR e ogncon

that as the case temperature is decreased, the power dissipation multiplier is

proportionally increased.

[0031] It should be recognized that since the power switching
semiconductors are part of the compressor speed control there is an inherent
relationship between the amount of cooling that is required and the amount of
cooling that is provided. That is, when the compressor is operating at full speed the

. power switching semiconductors will be operating at maximum capacity and



the heat sink 6 1 as shown. The heat sink consists of
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to the speed of the conpressor. 4. A power control

appar a§ us z%c'pc?'v%r cgn ro‘i Qpﬂapau{:slag Isép f&nﬁ"fﬁ%ﬁa‘?ﬁ& W aelre(iin the amount

of refrigerant being passed through the electronics package is substantially

proportional to the speed of the compressor.

4. A power control apparatus as set forth in claim 1 wherein said

refrigerant is refrigerant gas from the evaporator.

5. A power control apparatus as set forth in claim 1 wherein said power

electronics comprises an inverter.

6. A power control apparatus as set forth in claim 1 wherein said power

electronics package is mounted on one side of said compressor.



refrigerant is refrigerant gas fromthe evaporator. 5.

A power control apparatus as set forth in claim
wdawdeneion7 sai d power el ectroni cs conpri ses an PCI/E$1006/023303

6. A power control apparatus as set forth in claim

1wher €l.n s povpwwentrobhmpetatusak e fopthck alpém il svhemkimiaed on

o) ' . sai d conpressor.7. A power contro
a%g“ ?%S (Srslgégeréngﬁc %r?rﬁ%%ss?rh claim1 wherein said

conpressor is a hernetic conpressor. 8. A power

contr apparatus as.set forth i.n_.clajm erein said
conpr Ceys‘sor %o“é?rg‘&r??ﬂ FPPRTIHS Ao 85 £orth IQ.Cia}l\néd‘\{/l‘gfe“b%‘fﬁ rol
apparaterds ascroletoni@éssdy. i N cl aim 1 wherein said drive

notor is an AC induction notor. 10. A power contro
apparatus as set forth in claim1l wherein said power

el ect roni ¢\ pAek 3@ ol Spphrabils db Yot FOHNTH @irh @ wiRicsh said drive
conpressaor.. 11. A power control apparatus as set forth

i T Wit BertoR&lolfti ng at | east one resilient mount

for resiliently nmounting and supporting the conpressor
inits installed position. 12. A nmethod of controlling
the spg8ed é¥poyeneonie! sapatsius agisehfasth in olai il whersin said power

CONBRORBS Mol i HBidR thGhfda e At LdthSXSE em having in
serial flowrelalionship a conpressor, a condenser, an

expansi on devi ce and an evaporator, conprising the
steps 19f :  prQwiedl LG afdh :
v g ne are baoPbe SRR HE ROl ELER' o hfugpe
\iggst ens resikigns axpuntyfperesiliendly indiuntngandebpmirtingcthé cqnguessor in

SRUAGAied Bgﬁ&ging a power el ectronics package for
receiving el ectrical power fromsaid electrical power

source and sel ectively providing electrical power to
SR N R e
oyotuiprasge vathin iefiperatiomsdtem having in serial flow relationship a
compressor, a condenser, an expansion device and an evaporator, comprising the
steps of:
providing an electric drive motor for driving the compressor, said drive
motor being of the variable speed type;
providing an electrical power source;
providing a power electronics package for receiving electrical power from
said electrical power source and selectively providing electrical power to said drive
motor in such a manner as to cause the compressor to be driven at desired speeds to
thereby optimize efficiency; and
conducting the flow of refrigerant from the refrigeration system to said

power electronics system for the cooling thereof.



conducting the flow of refrigerant fromthe
refrigeration systemto said power electronics system

wo evo7ttis2t ool i ng thereof.13. A nethod as set fPRPCT/HS1006/023303
claim12 wherein the amount of refrigerant flow

condug3.ed Aendifvd ap esvEsriheh @ik 0D whSrebytEé ﬁﬁ@u’ns of refngerant

ubstantially proportional to the._s
318 @%0 0 Yop PoREr RlRoHBRCE RS Fplant qb{ p&crpamﬂniléo the
@ﬁﬁﬂ@fﬂmbB@pﬁgﬁﬂ for cooling of the power electronics
systemis substantially equal to the speed of the
conpressor. 15. A power control apparatus as set forth

in cladm 1R nwaeiak Ebt?&ﬂﬁn%ﬁafrﬁ ugwha@tn thSnde@ érl HSRYF the
gas fromthe evaporator. power control apparatus

ReWEHleofIgRicHsYsiemc a%bﬁﬁaatzalbmvaé ’f%thg siegd phifte pompressor.

el ectronics conprises an inverter. 17. A nethod as set
forth in claim12 wherein said power electronics
packaye i sAweneRcerrelarpEuSsHet fgfthgwlanblé’wphe@@@w

I 12 wherein said
?gﬁg%ggg%éﬁnéﬁ&t%gf%ﬁ}¢gec ﬁ%g%ssor 19. A nethod as
set forth in claim12 wherein said conpressor is a
scrol |- conpr. . . for aim
12 whiber rieae tgpdopBlEL PR Bk Obecilleda O
dowerkleptrohiosicansprisestanfinvettar.i n ¢l ai m 12 wherein sai d
power el ectronics package is rigidly nounted to said
conpressor. 22. A nethod as set forth in claim12 and
[ ncI udlt. ng Ahestiodrat bet foréit ieolath 12 edieteinesaid ppwebelediionis
stall ed position.23. A nethod

ggckgé‘?ls (fr %a??}onc?lsger??iaig]‘é%’&p P8 udi ng the step of

conducting the fl ow of refrlgerant gas through said

Compr bEsor A mhodzs PR AR BN &b v EgelngRiisPRpITEE i

hewnerig compietser. driven conpressor, a condenser, an
expansi on devi ce and an evaporat or connect ed in seria
flow

19. A method as set forth in claim 12 wherein said compressor is a scroll

COmpressor.

20. A method as set forth in claim 12 wherein said drive motor is an AC

induction motor.

' 21. A method as set forth in claim 12 wherein said power electronics

package is rigidly mounted to said compressor.

22. A method as set forth in claim 12 and including the further step of

resiliently mounting said compressor in its installed position.
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rel ati onship and i ncluding a control apparatus for

controlling the speed of the conpressor drive notor,
w@owpneseng: an power el ectronics package conpPCHUSIP0E023303

housi ng wi th associ at ed -el ectroni ¢ conponents di sposed

t her eR2B. and hahairsabteorth inGidimy 2 aodinehiding thestepasfd dri ve

nmot or ;. apd _cool.i ng apparatus for.said power,
sPuliorf e o3l B hioter Fip Sispalat oo rdrasry
fthavintoaadwoinpregsoel ement s for conducting the flow of
refrigerant fromthe refrigeration system and through
said housing to cool said electronic conponents and

then pato A rskigkrafidh P 0P theIAiethatRER RIS hiverdsompiessor,
refrigeration systemas set forth in claim24 an :

i fOPURIR oAb PRISIoP deiEe 40\ eT HRYTHOTaRRSPd it sopigh tlow
SHPRGshB ALY i RIRE aRentid BpGRHRY BSSRkrofiAE MehsLdl R aRal d
housi ng i s supportably nounted to said conpressor. 26.
AOTETeETQ) SFiER MOWL $9@PaHiEs set forth in claim 25

wher ei i ' s ks t hat
P e T ey LA TR
$legionip gprapynents disposed dpreinpad Heing slestyisalbyrpoasectedtto faid t h
igpivE hdkdR a4 Wherein said power el ectronic package
conprises an inverter and said drive notor is an AC

i nducepdmgrppatus PBsaidipavest elegfeamitsiparkagy stid wwalmgspparatus

fimﬁdqngdﬁove ka{dmﬁgg%%ggggrrcsﬂ&&ﬁﬁg&%iffa% JeSehib ! Mom the

mount €d to sal
refrigeration system and through said housing to cool said electronic components

and then into a suction port of said compressor.

25.  Arefrigeration system as set forth in claim 24 and including a
resilient mounting arrangement for supportably mounting the compressor and

wherein said housing is supportably mounted to said compressor.

26.  Arefrigeration system as set forth in claim 25 wherein said
compressor is a hermetic compressor that is mounted vertically and said housing is

mounted on a side thereof,

27.  Arefrigeration system as set forth in claim 24 wherein said power
electronic package comprises an inverter and said drive motor is an AC induction

motor.

28. A refrigeration system as set forth in claim 25 wherein said housing

is rigidly mounted to said compressor.
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