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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
ovefheating. 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 systerh.
[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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evaporator coil 16. It preferably also includes a receiver 18, a filter/dryer 19, an
economizer heat exchanger 21 and a liquid injecﬁon’ valve 22,

10017} 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
s0 p.ositioned_ﬂthat its fan 24 is operable to circulate ambient air thereover fc;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



[0017] The evaporator coil 16 is so positioned within

the cargo space 17 as to provide cooling thereto, and
one or nore fans 23 are provided to circulate the air

fromthe cargo space over the evaporator coil 16.
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can be provided by other apparatus 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 ba;se 39 being attac;hed 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 éhock 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
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[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 coolirig 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



[0029] In the refrigeration section 59, there are a
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shoul d be recogni zed that since the. power swtching
sem conductors are part of the conpressor speed
control there is an inherent relationship between the
anmount of cooling that is required and the anmount of
cooling that is provided. That is, when the conpressor
is operating at full speed the power swtching
sem conductors will be operating at naxi mum capacity
and 6 WD 2007/ 145627 PCT/ US2006/ 023303 maxi hum
generation of heat. At the sane tine however, since
the conpressor is operating at full speed the anount
of refrigerant being circulated through the systemis
at a maximumflow rate, and therefore the maxi num
cooling effect is provided to




the heat sink 61. On the other hand, when the
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drive notor .being of ‘the . variable speed type; an

el ect ri"REF ‘b&é"f’ %@% fox Er‘,‘v‘%%e COMPERRF the dixg %Btﬁi Reing of the
paediagesdeed typegcei ving el ectrical power fromsaid

el ectrical _power source and selectively providing

el ect r *@ slPctihravet wugisdd dri ve notor in such a nanner
as to [ackiQir .| ' :
apeeds o ot e P S kOB Il Bl S84 B o

c oprgi tourek ard selortttelg pioniging lekectfitabpoveed torsaitidiigeamatmitin fuchm

th fri t t h [ | ect [
B BT R bR BRI o SRR

el &dt roni cs package is rigidly nounted to said
conpressor and including at |east one resilient nount
for r eét?sfw*gea?{ ﬁlgw ??BEH\%‘ ?%@g@Hﬁmg 58 of tegieetet from the

C ORRIB X QYstdrNthicugh al¥SloRbi R dHRR Ibhdk@R-for te coblinRQNERor;
control apparatus as set forth in claim4 wherein the
newprginyaid powet qlesonss packper ierigidly mowitedio prid kampecsios and

S u#ﬂéﬁ(ﬁﬁg dt @agtén&kgpéﬁf I‘i’lblﬂ)@ﬂ)ll 1‘e§iﬂfrﬁ]g%o§ﬂﬁgQntpsfugﬁol?t% the
conpressor. 3. power contro pparatus a set forth
i ncogipegisyer @ iwierabédpotitien. anount of refri-gerant bei ng
passed t hrough the el ectroni cs package is
substantially proportional to. the speed of the

conpr egsor . A fowehcqn@okdppaang 45 Qdt fapinel aitnswiiesdin te need for

refrj geration system hayi in serial flo
coofir?g of sai 8ectror¥ics pagilage is smﬂx tantlr;lly' proportlonalI to \t/%e speed of the

an

compressor.

3. A power control apparatus as set forth in claim 2 wherein the amount of
refrigerant being passed through the electronics package is substantially proportional to.

the speed of the compressor,

4, A power control apparatus for a refrigeration system having in serial flow
relationship a compressor, a condenser, an expansion device and an evaporator,
comprising:

an electric drive motor for driving the compressor, the drive motor being of the
variable speed type,

an electrical power source; and
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PCTKPKMﬁﬁQbﬂESQT h® a conpressor, a condenser, an expansion
devi ce and an evaporator, conprising: an electric

drive nmotor for driving the conpressor, the drive

not or being of the variable speed type; an electrica
power source; and 8 REPLACEMENT SHEET -AMENDED SHEET
- I PEALUS PCT/ US06/ 23303 16-.01- : .

ol ect + BRTIES SEEORE ok gF 1o BERII08 S B LReb ) olslagyicd

f r soieSRdUde ald@aécrtwaﬁFrov@mg\aécns@u;ron@] (8R4d 8rdle@fokdr ViRluh a
providing electrical power to said drive notor in such

a MiEF e fo cawe the compreworinke dipRAt deiert specds Ipoptimize efficighcy:
dq&Hred speeds to optimze efficiency; -and
refrigerant flow conduits for conducting the fl ow of
refri g@frlmatantfftoamonms for e:mdilcg'eg mnﬂo»syfstfeimmmfromgh said
WET BT S5 Pers BaParT sk BEr e oy T AERER ¢ ne
e el adiradaidirefiGeratiBn BOVHEEera® pdsifom tlaqaepayoaws as set forth
in claim4 wherein said power electronics conprises
an inverter. 6. A power control apparatus as set forth

in clagm 4 4 V%We%cfﬂh@%?ﬁillm\ﬁ@{et foth 66419 AivGiereRAGH BReri S
mount ed on one side of said conpressor. 7. A power

c oafachaslics gprppritset andnvaserset forth in claim4 wherein said
conpressor is a hernetic conpressor. 8. A power
control apparatus as set. forth in claim4 wherein said
D conpresdsor A pc@/eacmtrolmb;bammmpseebstb in cl@®m 4 Achprowesnid powdrr ol
e apparatus as set forth in. 4 wherein said drive
meRghon gadReAempinden o fror i CEBRSR et hod o
controlllng t he speed of a drive notor adapted to

drive a conpressor within ar l.geratiqn syst
havi ng’i n erqwel conpe)RPpagatuses &t@oﬁﬁ ciaxreél Bl corgpleqqon

copdeNs8lccoffe&Pansi on device and an evaporator
conprising the steps of

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

is a scroll compressor.

9. A power control apparatus as set forth in claim 4 wherein said drive motor

is an AC induction motor,

10. A method of controlling the speed of a drive motor adapted to drive a
compressor within a refrigeration system having in serial flow relationship a compressor, a

condenser, an expansion device and an evaporator, comprising the steps of:

[

9
REPLACEMENT SHEET

AMENDED SHEET - IPEA/US



PCTfUSO6/933[REI%LG\I:Eﬂ)@\I‘I’ SHEET AMENDED SHEET - | PEA/US PCT/ [

. TS06/ 23303 16-01-2008 providing an electric drive
motor for driving the conpressor, said drive notor
bei ng of the variable speed type; providing an
el ectrical power source; providing a pomer el ectronics
packag
Gl cct i ey ina Rt B i e e BP USHR 5P U o
el é@ngwféfalvamvepedimypsal d drive notor in such a nmanner
as to cau; ‘f q@ressor'tp be driven at desired
speeds 10 't«%ét“ét%}”c PRI YEf fi ci ency; and conducti ng

t he f1 gwevirfingraghotvbigtkadiics biRiBetifiQ@eck®ing EB@FA hoRr YR LAM
o said power electronics systemfor the cooling

t h&'Ffélb‘tﬂ PafeoBIChandlF Ectiveliaio viding elegtrnal Rosventasiddidveinptor in
ri gichlh )hamepﬂtt@&uﬁe%esc%}ngrc%m HEFRRE aHeGred gﬂ%&ls%jfhago he

further step of resil nmount’t ng sai d conpr es
i nontimizeieffisteaty: el position. |1 | _ A nethod as set

forth I, ei n the amount of frj erant
now con uc%t@lgﬂjt Jﬂ%tvheregncﬁ/\}eapt fé’F&@t ’reEWF' %°"§§?§ ngower
suheimmtwghhyﬁmﬂ@p&ﬂhgﬂBﬁM’to the speed of the
conpres% . A nethod as set forth in claim1ll

wher ei ¥PERE S‘H B BlEctionist ke righly mqyaiRa fo saif sempreeread

Syméiedng e ﬁHP&L(@@Bﬂ|@J|Ike)fdﬁr%@1hnés‘ﬂ1dtcbﬁ 1§\Q§|Qﬁitt9msl£lr&§ posjtion,
conpressor. 13 A nethod of control an the speed of a

drive notor adapted to drive a conpressor within a

refri .gglr at '@Htcl%&%s%gpfaﬁt h@lgmt B V?‘n%xgttn%e 'InLo%W ofleﬁr%mnt Mow

relati onship a conpress
dth@@wéndhammevdgmnaunwwanammnmmmﬂgpmheuemepﬂweﬁmﬁonhe

pr&Mrgkgg an electric drive notor for driving the

essor, said drive notor being of the variable
speed type; providing an electrical power -source;

provi di hg a po el ectroni cs package for _ receiving
el ectri%al %M d s oribely emel Ggeinddn nepbiRe FoolRaNT

anghwe elIREbH ek MerP s Qs AUy 8JuBICtb tHe GFbkd AN Q:ss%ﬂ' d-
drive notor in such a manner as to cause t

conpressor to be driven a(desird speeds to thereby
13. A method of controlling the speed of a-drive motor adapted to drive a

compressor within a refrigeration system 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-desircd speeds to thereby

optimize efficiency; and
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optim ze efficiency; and to REPLACEMENT SHEET
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conducting the flow of refrigerant fromthe

refrigeration systemto sai'd power——el-ect+eni-cs-system

for the cooling thereof wherein said refrigerant is

refrigerant .gas from the.evaporator...14. A power. .

control apparatus as set forth in claimO wherei n sai d

PCT/U§O6/1FGMI16 dlB@igr oni cs conprises an inverter. 15. A nethod

as set forth in claim213 wherein said power

el ectroni cs package is nounted to one side of said
conpressor. 16. A'nethod as set forth in claim13
wherein said conpressor is a hernmetic conpressor, 17,

A et h‘eg]dﬁém Bl b @0k {Eﬁlg@m&lf@h%égfn‘é@%o%'sfkte%ﬁanld power

conpressor a Scro conpressor . “A et hod

eftledrorritmy&tm i tie mocliBg thiveofeihareinanid refirigesast lﬁm‘.ltgerantgdahom :

qheégduatlon notor, 19. A nethod as set forth in
rﬁﬂ% Ind i ncluding the step of conducting the
f|OMIOf refrigerant gas through said power el ectronics
package and then into sa

d L 200 A .
P ¥ P OBh ot A pove BT ABPES (4 O A e S PRy en

CUREGISLbmpikes MONARASEr s an expansi on device and an
evapor at or connected In serial flow relationship and

including a control apparatus for controlling the

REPLACVENT: BEEER P PRt SR b B

308mdibred o SH3QBle of said compressor,

16. A method as set forth in claim 13 wherein said compressor is a hermetic

compressor.

17. A method as set forth in claim 13 wherein said compressor is a scroll

compressor,

18. A method as set forth in claim 13 wherein said drAive motor is an AC

induction motor,

19. A method as set forth in claim 13 and including the step of conducting the
flow of refrigerant gas through said power electronics package and then into said

compressor,

20. A refrigeration system of the type having a motor driven compressor. a

condenser, an expansion device and an evaporator connected in serial [ow relationship

and including a control apparatus for controlling the speed of tie compressor drive motor,

comprising:
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pcnmmo@@ﬂyppﬂﬁﬁlQb@§tronlCS package conprising-a housing wth
associ ated el ectronic conponents di sposed therein and

bei ng el ectrically connected to said drive notor; and
cool i ng apparatus ‘for said power electronics package,
sai d cooling apparatus including flow conducting
el enents for ducting the flow of. ref eragt f[om
The 1 eGSR I P P eh P tigh o G RGBS o
C 0@bmcatils @SpRSe tRF¥iCand BEROAGEH A1y shectd@Raid idF @Chdtyr; und
into a suction port of sald conpressor. 21, A
refri ge‘i"&PTlgd*ﬁP%‘V'é‘tf@rﬁﬂé§°‘§@"tﬁlcﬁtf9ﬂt°hpqckﬂgévl*&!id P08 Appdratus
in
A A A R AR A A S T
ho m@ﬁgega'tibs systappot mwbglybauﬁmmﬁ@do t@l s edtctrmmcroeg)smnts agy.
A Eheﬁl Exlr |n¥ Iao\rl}Ctl lgg?\al%C et fort h I n Cl al m 21
wherel nshl r@% MR et c conpressor that
i s nmounted vertlcally and said housing is nounted on a
side thereqof. 23. Arefrigera |o System as, set f rth
in cl ai th 20 WHEBSRON SKiea 35 Stk A o eab%ie&aafgg rent
CORRLAHE ArrdMRerhdhy R tuﬁpol aey n%@mﬁkg Helc¥BpBREQNd Wher@if sAC
i nducti on not or. refrigeration systemas set
f oReWing i seppartehl pmowirdriesaifl wmpEssAbusing is rigidly
mounted to said conpressor. 12 REPLACEMENT SHEET
AVENDED SHEET - | PEA/ US

22. A refrigeration system as set forth in claim 2| wherein said compressor is

a hermetic compressor that is mounted vertically and said housing is mounted on a side

thereof.

23. A refrigeration system as set forth in claim 20 wherein 3aid power

eléctronic package comprises an inverter and said drive motor is an AC induction motor.

2. A refrigeration system as set forth in claim 2| wherein said housing is

rigidly mounted to said compressor.
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