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REMOTE DATA A(SQUISITION SYSTEM AND
YIETIIOD

('OSS-Rl:I'IJRIJN('li 'I'0 RIJI.AI'I:.D
APPLICATIONS

llus applicduon &s a continuation of U.S. pa&cut apphca-
uon Ser. No. 10/280,774 lilcd on Oct. 2S, 2002, wluch &s a
contim&ation of 1.1 8 patent application Ser. No. 10&012,681
filed on Dec. 7, 2001. which is a conti&n&atimi of IJ 8 patent
application Ser. No 0&J/721,5&)4 filed on Nov 22, 2000 (now
IJ.S. Pat. No. 6,824,8543, which are incorpomted herein by
reference.

FIELD OF THE INVENTION

1'he present im entice relates genenslly to an apparatus and
a niethod for serv&cing an air-conditioning system More par-
ticularly. the present invention relates to an apparmis and a
metluid for servic&ng an air-conditioning system which uti-
lizes a data acquisit&on system for communicating with the
mr-cond&lioning systmn and a 1&and held computer which
analyzes thc u&formation rixmvcd from the dais acquis&lion
svsteni

13A(h((IROI JN D AND SUMMARY 0 I
'

I I I i

INVENTION

Several air-cond&uon&ng service unils arc avmlablc le ass&st

d trained lixluuc&an &n scrv&cu&g an a&r-cond&l&oning system.
)ome prior art units are adapted to be connected to the high-
and loiv-pressure s&des of the air-conditioning system and
these units include gauges for measuring the high and lov
side pressures of the system under the appropriate operating
conditions. These measured values are then mamially com-
pared with known standards fiir thc pdnicular a&r-condition-
ing system being tcstixl. From tlus manual compauson and
other observable characleuslics of thc syslmn, lhe tcclmicuu&
decides whether or not the system is operating properly If a
system malfunction &3 indicated, the technician deterntines
the possible causes of the malfunction and decides how the
system sluiuld be repaired.

Expend &vc

aud lugh-cnd large commerc&el

mr-cond &t

&oning
systems arc typ&cally prov&ded with their own soplnst&cated
clcctronics and a host of u&ternal sensors. The soplnst&cated
electronics and the host of sensors for these large commerc&al
systenis simplify the d&agnosia for these systems I lowever,
the costs associated with these electronics and rhe sensors &s

too much for cost sensitive systems like residential air-con-
d&lioning systems and small commercial inslallat&ons. In
thcsc snu&lier systems, thc scrv&cu&g cliiciency &s sl&11 dcpm&-

dent upon tlu: sk&11 ol'he technician. The louis thai the tech-
nician t)pically uses to help in the diagnosis are pressure

m& es. sew &ce units ivhich suggest possible tixes, conunon
electronic htstruments like nnilti-meters and component data
books which supplement the various service unirs that are
dvmlablc. Even though thcsc tools have improved over thc
years in tenne of accuracy, ease of usc and rel&ab&hly, thc
technicim& still has to rely on lus uwn personal sk&11 and
knoivledge in interpret&ng the results of these instnunents.
'I'he pmblenis associated w&th depending upton the skill and
knowledge of the service technician is expected ro compound
in the hm&re due in part to the introduction of many nev
relrigcranls Thus, lhc large cxpcricnce lhal lhe technicians
have gained on current day rely&gcranis w &11 not bc adequate
for lhc air-cond&uon&ng systems of the future. 11us leads to a
high cost for training and a higher incident ofmisdiagnosing
which needs to be addressed

Duru&g the process ol'ins diagnos&s by the technic&an, hc
typically relies on his knowledge and his past experience
'I'bus, accurate diagnosis and repair require that the technician
possess substantial experience. 'I'he prob 1 en& ofaccurate diag;
nosis is complicated by the lar e number of different air-
conditioning systems in the marketplace. While each air-
condil&otung sysu:m includes a bas&c a&r-cond&&ton&ng cycle,
the various systems cdn mclude components and opl&ons lhal
cmnplicate the diagnosis for the systeni as a whole Accord-

&a ingly, v ith these prior art service units, misdiagnosis can
occur, resulting in improperly reps&red systems and in exces-
sive time to complete repairs.

Although service manuals are available to assist the tech-
n&cgu& in d&agnosing and rcpairu&g thc a&r-conditioning sys-
tems. &heir use is tune-consunung and &nellie&cut. In add&l&un,

the large number of manuals require valuable space and each
manual must be kept up to date

In order to improve over the above descnbed diagnosis
procedures. service units have been designed v hich employ

to electronic processing means for initially diavgnoslng the air-
condil&otung system m&d. ihereaftcr, &I'ests or rcptfirs are
nimded, for guiduig the mecluimc to correct&on of&ls deli ctive
openstion. When using these prior art service units. the tech-
nician identifies what type of system is being diagnosed 1'he
service units are then capable of receiving signals which are
indicative of the lugh and loiv side pressures of the air-con-
ditioning system. Based upon the observed pressures in rela-
t&on to thc prograuunixl standards lor thc l)pe of a&r-condi-
t&oning system being tested, &he service un&1 &nd&cates whether

to or not the system is functioning properly If the air-condition-
ing syste&n is not functioning pmperly, a list of possible
defective co&nponents anrgor other possible causes of the
system malfunction are identitied. Tlfis list could range from
a complete seif-diagvnosis where the pmblem is clearly iden-

31 &&In:d lo uucrdctivc dialog liat lrdirows ilown lhc pose&blc
cm&ses of thc problem. Thc sysicnw thai motu &or only the lugh
and low pressure side prcssurcs ol'hc a&r-cond&tioning sys-
tem are tlms inherently limited in their d&agnost&c ability
What is needed is an air-conditioning service system which

do monitors not only the system's pressures. but the system
should monitor other conditions such as various temperatures
willun lhe system as well as opcraung parameters of thc
motor driving thc system &n order to m&able a moreaccuratc
dgignosis.

'I'he present invention pmvides the art with a diagnostic
system wliich is applicable n1 the present day air-conditioiting,
systems as weil as being adaptable to the air-conditionin
systems of the fi&ture. The present invent&on provides a data
acqu&sit&on system v inch includes a Jud&c&ous &ntcgralion of

O sm&aors Thc sensors monitor the system's prcssurcs, various
tcmpcratures w&tlun thc system as well as operating param-
eters for the motor driving the system 13y incorporating these
additional sensors and specihcally the motor operating sen-
sors, the data acquisition systeni can provide better diagnostic

11 results for the air-conditioning system. The data acquisition
svstcn& coupled with d hdud hckl cou&pule&'su&g sophis&1-
cated sofiwarc provxlcs a reasonable cost duignoslic tool lbr
d scrvtcc technician. Iu ll&e 1 cN cost sc&m&tive svslcn&s hkc
res&dential air-conditioning systems. th&s diagnostic tool

io elintinates the need for having each system equipped ivith
independent sensors and electronics, yet they will still have
the capability to assist the teclu&ician to efficiently service the
air-condiliorung system when &herc &s a problmu. Thc diag-
nos1&c tool also includes a w &rcless Interact l&nk w &th a mes ler

si 1 on&putcrwhich coulau&s &hest rv&cc u&fora» t&ou ou all of Ihc
venous systems in use In this way, the hand held computer
canbeconstantlyupdatedivithnev informationaswellasnot
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bc&ng required Io ma&ntau& tiles on every system. II'he tech-
nician encounters a system not on file in his hand held coni-
puter, a wireless Internet liilk to the niaster computer can
identity the &liissing infonuation

Other advantages and objects of the present invention w&ll

become apparent to those skilled in the art from the subse-
quent dc&a&led dcscnpt&on, appcndcd claims and drawmgs.

BRIEF DESCRIPTION OF THE DRAWINCTS

In the draw &ngs which illustrate Qle best mode presently
con&cnlplatcil for ct&I&yulg oin thc plcsc'nl hlvcntio&1.

FIG. I schcmaucally &llustratcs a typ&cal mr-co&aht&onuig
system in accordance with the present inventiim;

Fl(i 2 schematically illustrates an air-conditioning serv&ce
system in accordance with the present invention: and

FIG, 3 schemat&cally illustrates the air-conditioning ser-
1 ice system shown &n FICi. 2 coupled w &Ih thc a&r-condition-
ing system shown in FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings in which like reference
numerals designate like or corresponding parts Iluoughout
thc several v&cw s, thcrc is shown ui FIG. 1 mi mr cond&1&oning

system for usc w &th thc scrv&ce system in accordance w &th the
present invention and which is designated genemslly by the
reference mimeral 10 Air-conditioning system 10 coniprises
a compressor 12 which compresses refrigemnt as and del&v-

ers it to a condensor 14 v here the compressed gas is converted
Io a liquid. Condcnsor 14 d&schargcs tluuugha sight lass 16
w luch prov&des usual obscrvauon ol'hc till level of rcfrigcr-
dnt in thc systmn during operation. S&glu glass 16 also nor-
mafly includes a reservoir for storing liquid refrigerant under
conditions of large load fluctuations on the system. and
includes a hig&h-pressure filter and desiccant to trap and bold
any moisture or solid particles wlfich may be present in the
system. From s&ght glass 16, thc rcfhgcrant is dchvercd
tluough an cxpm&s&ou valve 18 to mi evapurator 20 where the
relrigcrant &s cvaporatcd into gaseous lorm as Ihesystcm
pmvides cooling &n a well known manner. I'rom evapomstor
20. the refri erant returns to compressor 12 to again start the
above described refrigeration cycle.

For purposes of u&itui1 charguig sysicm 10 and lbr peuodic
scrv&culg of systmu 10, compressor 12 lrds a pmr of rclhger-
ant ports 22 and 24 Port 22 is located at or near the low
pressure suction port for conipressor I 2 and port 24 is located
at or near the hipt pressure discharge po&t for compressor 12.
Ports 22 and 24 provide connections for pressure gauge read-
ings mid for thc add&t&on of rcfrigcrmit and/or lubricating o&l

dt c&ther thc suet&ou s&dc or thc discharge side ol'compressor
12.

Referring now to FICiS. 2 and 3. an air-conditioning serv&ce

system or appamtus 30 is &llustmsted. Apparatus 30 comprises
d data acqu&s&tion system 32, a hand held computer 34. a pmr
of prcssure hoses 36 and 38, mnl a plurality ol'ensors 40.
Data acquisit&on system 32 includes a micro-controller 42, a
pair of pressure sensors 44 and 46 and an Analog to l)igital
converter 48. Pressure hose 36 is adapted to be attached to
port 22 to monitor the pressure at or near the suction port of
compressor 12. Pressure hose 38 is adapted to be atmched to
port 24 Io mo&u tor the pres sure at or near thc discharge port of
compressor 12. Each hose 36 tmd 38 &s m conununication
w ith sensors 44 and 46, respect&vcly. and each sensor 44 and
46 pmvides an analog s&gnal to A/D converter 48 which &s

indicative of the pressure being monitored. A&1) converter 48

rccclvcs thc iinalog signdl floll& so&isola 44 and 46. convc'rls
dus analog signal to a digital signal which is indicauve of the
pressure being monitored and pmvides th&s digital system to
nucro-controller 42.

Sensors 40 are adapted to monitor various opemstin char-
acteristics of compressor 12. Sevemsl sensors 40 monitor spe-
c&la: Icnlpcrdtulcs in Ihc svstc&11, onc sensor alon&lors co&11-

prcssor supply voltage. onc sensor mon&tora compressor
supply amperage and one sensor monitors the &otational

&B speed (RPM) for compressor 12 'l)pical temperatures that
can be monitored include evapomstor refrigerant tempemsture,
condensor refrigerant tenlperature„amb&ent temperature and
conditioned space temperanire. The analysis of parameters
1&kc compressor voltage, compressor current, compressor
RPM and discharge temperature can provide valuable uilbr-
mat&on regarding the cause of the problen& I tach sensor 40 is
connected to A/D converter 48 and sends an analog signal
indicative of its sensed parameter to A/D converter 48 A/I)
converter 48 receives the analog sig&naia from sensors 40 and

Io converts them to a di ital signal indicative of the sensed
parmnctcr and prov &dcs th&s d&gital s&goal to m&cro-controller
42.

Micro-co nial lie&'2 Is in co&TI nlinll cat& on w&th coul pa tel'4
and provides to computer 34 the inforniat&on provided by
nucro-controller 42. Once conlputer 34 is provided with the
a&r-conditioning system configuration and the sensed pamsm-
eters from sensors 40. 44 and 46. a diag&nostic pro ram can be
pcrfomlcd. The air-conditioning system conligurat&on can bc
prov&dcd Io computer 34 manually by thc technwimi or it can

lo be p&ov&ded to computer 34 by a bar code reader 50 if the
a&r-cmlditioning system is pmvided &vith a bar code label
v hich sutficiently identifies the air-condit&on&ng system.

In order for the dia nostic pro@am to nin, computer 34
must know what the nomlal parameters for the monitored air

ls condinotung system should be. This information ctm be kept
iu Ihc memory ol computer 34. &t can bc kc)&l &n thc larger
memory of a master computer 52 or &I cau bc kept &n both
places. Mastercomputer52canbecontim&ouslyupdatedivith
new models and revised infornlation as it becomes avaihsble

do When accessing the nomtal pamsmeters in &ts own memory,
computer 34 can immediately use the saved normal pamsm-
ctcrs or computer 34 cml request thc techn&ciao to connect to
nnistcl con&porc& 52 ui confinu Bnd/or Update Ihc'. Bornldl
parmnctcrs. The co&uuxtion to the master computer 52 is
preferably accomplished through a w&reless Internet connec-
tion 54 in order to simplih the procedure for the technician
Also. if the particular air conditioning system bein moni-
tored &s not in the memory ofcomputer 34„computer 34 can
prompt the tcchnicimi to co&ulcc& to master computer 52 usulg

o w&rclcss Intcmct connccuon 54 to access the larger dani base
wh&ch &s aviulablc ul the mmuory of nuistcr computer 52. In
tlus v sy, computer 34 can include only the most popular
systems in its nlemory but still have access to the entire
population or air-conditioning systems through connection

T. 54. Wlule the present invention is be&ng illustrated utilizing
wirclcss hllclllct connccnon 54, 11 is w &Illa& thc scope of fllc
present invent&on Io commu&ucate between computers 34 and
52 us&ng a d&rixt wirelcss or d w&re connccuou &f dcsircd.

'I'he teclmician usin apparatus 30 would first hook up
io pressure hose 36 to port 22 and pressure hose 38 to port 24

The teclulician vvould then in&ok up the various temperature
sensors 40, the compressor supply volta e and current sen-
sors 40 aud thc compressor RPM sensor 40. 11&c Iixluucian
would then u&itial&ze computer 34 and launch thc ihagnostics

Ss dpphcBI&o&1 softwBrc. Thc softwiuo on shirt-lip pion&pm fllc
teclmician to set up the test session. 'I'he techn&cian then picks
venous options such as refrigemsnt type of the system and the
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system configuration, hke comprcssors dnd system model
nuinbcl'. cxparlsion device lvpc ol'thcl'nfol'ninth&il fiu'hc
confi unction system Optionally this information can be
input into computer 34 using a barcode Lsbel and barcode
reader 50 if tins option is available. The sofiware then checks
to see if the opemsting information for the system or the
compressor model exists w illun its memory. If this Inlomla-
uon is nol widlu»ts memory, computer 34 will establish a
wireless connection to master computer 52 through wireless
Intel'ilc'I connection 54 'llul Bcccss thLS information fn&nl Blus-
ter computer 52 Also. optionally. computer 34 can prompt
the teclufician to update the existing information in its
menu&ry lvith the information contained in the memory of
master computer 52 or computer 34 ctm prompl Ihe lecluu-
cian lo add thc missing information lo Its memory from thc
memory of master conlputer 52.

Once the test session is set up, the software commands
micro-controller 42 to acquire the sensed values from sin&aors

40. 44 and 46. Micro-controller 42 has its own custom sofi-
ware that venfies the integrity of the values reported by sen-
sors 40. 44 and 46. An example would bc that micro-control-
ler 42 has the ability lo detect a failed sensor. The sensors
values acquired by micm-controller 42 thn&ugh A/I) con-
verter 48 are reported back to computer 34 'I'his cycle of
sensor data is acquired contimlously thmughout the test ses-
sion. The reported sensed data is then uced to calculate a
variety of system operating parameters. For example, super-
hcaL supercoolulg, condensing tcmpcralure, evaporating
Iempcralurc. and other opcratulg pammctcrs can bc deter-
mined lite sofnvare withm computer 34 then compares these
values individually or In combination with the diagnostics
rules pmgmmmed and then based upon these comparisons,
the software denves a set of possible causec to the differences
between the measured values and the ctandard operating val-
ues. The diagnostic nilcs can range foun sunple lunits 10

fuzzy logm to trend analysnc Thc diagnostw. rules can also
rangefrom Individuul values Io a combination of values.

For exiunPI. the current dn&wn by compressor 12 is related
to the suction and discharge pressures and is unique to each
conlpressor model. Also, the superheat settings are unique to
each air-conditioning system. Further. the diagdtos tie rules are
different lor diffi:rent system conli urauons hke relrlgcrmll
type. expansion device type, compressor type, unloading
schcnul condcnsor cooing schcnlc and thc like. hl sonic
situations, the application of the diagnostic rules may lead to
the requirenlent of one or more additional parameters i&or

example, the diagnostic system may require the indoor tem-
perature which may not be currently senced. In tins case. the
tcclulician will bc prompted to acquirc tlus valve by other
a&cans dnd to a&put lm VBIUc uuo Ihc plogldnl. When lhc
cnlena for a diagnosnc rulc have bimn sdlisiicd, then a cause
or cmises of the problem Is displayed to the teclulician
together lvith solutions to eliminate the pn&blem i&or

example„a high superheat condition in combination v.ith
several other conditions suggests a low refrigerant charge and
the soluuon would bc to add refrigerant lo Ihc system. Thc
technician can Ihml carry oul Ihc sug cslcc! repmrs Imd lien
rerun Ibc icsL When Ihc system is a gaul 1uncl io lung num&ally,
the test results and the sensed values can be saved ti&r hlture
reference

While sensors 40 are discloced as bein. hard wired to A/D
converter 48. it is within the scope of the present invention to
uuhzc wirelcss dcviccs Io reduce the number ol w irulg hook-
ups thai need to bc made

Also, wlulc apparatus 30 Is beulg disclosed as a diagnostic
tool. it is lvithin the scope of the present invention to include
an mltomatic refrigerant charging capability through hoses 36

ul

and 38 il des lrixl. llus would un olve Ihc addition of a contml
loop to meter refrigerant into the system fmm a charging,
cylinder. Accunste charging v ould be accomphshed by con-
tinuously Inonitoring the system parameters during the charg;
in process.

While the above detailed description descnbes the pre-
fbrred cmbodimcnl of thc prcsmlt ulvcntlon, Il should be
understood Ihal Ihe prcsmll Invcnnon Is suscepltblc to modi-
fication, variation and altenstion lvithout deviating from the

10 scope and fair meaning of the subjoined claims

What is claimed is
I A cooling system diagnostic apparatus comprising
a first sensor operable to sense a hrst coolmg system

parameter;
a second sensor operable Io scuse u motor opcraung partun-

elcl,
a controller in communication with said first and second

sensors and operable to receive hrst sensor data from
said first sensor and second sensor data from said second
sensor

a master computer having a memory stonng a plurality of
dale sets conlaming normal operating parameters for a

plurality of systems; mid
B conlpUtcl ul conuullnlcdtlon with stud uldstcl conlpULCI

to acquire one of said plunshty of datasets from said
master conlputer and in communication with said con-
troller to receive said first sensor IL&ta and said second
sensor data, said computer comparing said first sencor
ild la Bnd said second sensor ddla w uh sBUI nollnal opci-
alulg parmnclers Io provide a dta@&osis.

2 Tlm apparatus of clmm 1, whcrcin said lirsl operatulg
parmneter is a lolv-side pressure and said motor open&ting,
parmneter is a compressor motor supply voltage

3 The apparatus of cLaim 2. further comprising a third
sensor operable to detect high-side pressure

4 Tlm apparatus ol'ldun 2, w barmn said lirst opcralulg
parmncler is a low-side prcssure and said motor opcralulg
parmncler Is a compressor motor rolauonal spixd.

5 The apparatus of cLaim 4. further comprising a third
sensor operable to detect high-side pressure

6 I he apparatus of claim I, v herein said first open&ting,
parmneter is a lolv-side pressure measurement and said motor
open&ting parameter is a compressor motor supply amperage

7 Thc apparatus of claim 6. further comprwing a third
sensor opcrablc lo detect high-side pressure

8 The apparatus of claim I, further comprising a third
sensor operable to detect an evaporator refngerant tempera-
ture.

0
0 I'he apparatus of claim I, filrther con&prising a third

sensor operable to detect a condenser refrigerant tem pe nsture
10. Thc apparatus ol'cldun 1. whcrcin said computer and

sdnl nldslcl conlputcl arc nl cinnnnuucanon Ihrough lhc
Internet

11. The apparatus of claim 1. wherein said computer and
said master computer are in wireless communication.

12. Thc apparatus of claim 1, wherein said compuler is
open&ble to output repair instnlctions

13. The apparatus ofclainl I„ further comprising a barcode
reit dcl hi conunUnicilnon w llh silld conlpUtcr.

14. A method comprising:
measuring a first cooling system operatin parameter;
nleasuring a second cooling system open&ting parameter;
measurin a compressor motor operating parameter:

sc comnulnicanng saul lirsl cooing syslmn parameter. said
second cooling system operating paranleter. and said
compressor motor operatin parmneter to a contmller:
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conununlcdfing sdul lllst cooing svslcnl pluanlclcm sdul
second cooling system parameter, and said compressor
nlotor operating parameter from said controller to a
computer;

selectin a dataset of normal opemlting parameters from a
master computer located remotely from said computer,

(townloading smd normal operating pammelcrs lrom sa&d

aid stcl conlpu le&'o saul coulpU&cl,
comparing said set of normal operating parameters to said

pmvided operating parameters at said computer: and
Outputting dil nostic results
15. The method of cia&m 14, further comprising storing

said system types in sa&d computer.
16. The method of claun 14, wherein wiid selecting

includes ulputuug a syslmn idcntiticr.
17. 'l'he method of claim 14. wherein said selecting

includes conlmunicating a selection between said computer
and said master computer

18. The method of claim 17, wherein said downloading a
selection includes communicatin throu~/& the internet

19. Thc nu:&lx&d of

cia 

&m 14. 0hcrcui said ou &pulling d&ag-

nosl&c results includes prov&du&g uislructions lor cooluig sys-
tcin I'cp;Ur.

Zg. A data acquisition system comprising:
a nla ster computer storing predefined operati ng parameters

fi&r a plumlity of system types:
a tirst sensor opemlble to sense a first coolin sysrem oper-

dlulg paldnu:lcl,
a sixond sensor opcrablc to sense a compressor motor

operating parameter;
a controller in commun&cat&on &vith said first sensor and

said second sensor and opemlble to receive first sensor
dalta from sa&d tirst sensor and second sensor darn fmm
said second sensor, and

a computer sclccnng saul prcxtcfincd operating parameters
from saul master computer and ulcluding m& ulput for
rccew ing sn&d first cooluig syslem opcraling parimietcr
and said second coolu&g system Operating parameter
from said contmller. said computer comparing said hrst
cooling system operatin parameter and said second
cooling system operating parameter to said predefined
opcldfing pBldnu:tc&s lo ihagnosc lhc cooing syslcnl

21. Thc dale acqu&s&tion system ol'laim 20, lbrd&er com-
pnsulg d third sensor opcmble to scuse d second cooling
systenl operating parameter and comnnuiicate said second
cooling systenl operating paratneter to said computer,
wherein said monitored operating parameters include said
first cooling system opemlting pamlmeter, said second cooling
sv'sti nl opi rallng pdl Iun na, dnd saul con&pl cssol n&010& opcl-
d ling pa&dun:ICl.

22. Thc data Bcqu&sinon system of clmm 21, v,hcrem sa&d

firs I cooling system operating parameter is low -side pressure,
said second cooling systenl Operating parameter is high-side
pressure. and said compressor motor opemting parameter &s

conlpressor motor supply volta e.
23. Thc data acqu&s&tion system of clmm 21, whcrem smd

lira& cooling systemopcranngparamcleris low-side prcssure,
said second cooling systmu operatuig pariuneler &s high-side
pressure. and said nlotor operating parameter is compressor
motor supply anlperage

24. The data acquisition system of claim 21. wherein said
first coo lin system operating parameter is low-side pressure,
smd second cooing system opcraung parameler Is high-s&de
plcssulc. Bnd sB&d conlpn:ssol nlolol opcldlulg pill'Bnlclcl Is
compressor motor rotnt&onal spccd.

Z5. 'I'he data acquisition system of claim 2l„wherein said
firs I cooling system Operating parameter is 10&v side pressure,

sa&d second cooling system operating parameter is h&gh s&dc

pressure, m&d further conlprisin a fourth sensor operable to
sense an evaporator refrigerant temperature, wherein said
monitored operating parameters fi&rther include said evapo-
rator refrigerant temperature.

26. The data acquisition system of claim 21, wherein said
lirst cooling system opcraung paramctcr is low s&dc prcssure,
sa&d second cooling system operating parameter is lugh sule
pressure, and further comprising a fourth sensor operable to

&0 sense a condenser refrigerant temperature, wherein said
nxonitored Operating parameters further include said con-
denser refrigerant temperature.

27. The data acquisition system of claun 20, wherein said
conlpU tel lac la iles B nu nlolv'0l s tining sa& 8 pic dclinix! Upi I-

I dlulg palanu:ICIS.
28 The data acquisition system of clainl 20, wherein said

computer and said master computer are in co&lln&uilication
thlough IhC hite&liat

29. The data acquisition system of claim 20, wherein said
10 computer and said master computer are in wireless conunu-

n&cation.
30. Thc data acqu&sil&on systmu of clanu 20, whcrcul said

cmnputer is operable to provide reps&r instructions
31. 'I'he data acquisition system of cia&n& 20, wherein said

cmnputer is a hand-held computer.
32. A method for monitoring a system including a relbig-

erant compressor. evaporator„and condenser. said method
conlpnsulg:

ale&&su&lug (I 81st opcldlulg parauu:lcl of lhc nlonllolix!
system:

nleasuring a second Operatin parmneter of the monitored
system:

measuring a motor operating parameter of the monitored
system;

ls comnu&nice&&ng smd lirst operating paramclcr, smd second
operating paramclcr, and said motor opcral&ng param-
eter to a conlrollcr.

providing at least one of said first operating parmneter. said
second operating parameter, and said n&otor Operating

do parameter from said controller to a computer:
retnevin a dataset ofpredefined operating parameters for

lhc monitored syslmn from a plural&ty ofprcdclernunod
opcralulg paramctcrs from a master computer,

comparulg sard prcdcfincd opcrauug parameters from said
selected d ate set &vi th said at least one provided opemlting,
paran&etcr ofthe nlonit0red systenl at said computer; and

providing diagnostic results based on said comparing.
33. The method li&r monitonng a system in accordance

w&th claim 32, whcrc&n sa&d rctncvu&g u&cludcs u&puuuig an
0 ulcnllficr of lhc alon&lolcxl sv'steal

34. Thc method lbr monilonng a system in accordance
with claim 33, &vherein said inputting includes reading said
identifier ivith a barcode reader

35. The method for nu&nitoring a system in accordance
ls with claim 32. &vherein said retrieving includes cnmnn&nicat-

lng thlough lhc hllclncn
36. The method for momtonng a system &n accordance

with claim 32, wherein sa&d rctncving &ncludcs wirclessly
coul&nun&catulg

(0 37 The method for monitonng a systenl in accordance
v ith claim 3Z„wherein said prov&ding d&ay&ost&c results
includes providing repair instn&ctions.

38. Thc method lbr monilonng a system in accordance
w&th claim 32. further compnsuig perform&ng a test sess&on

Ss pnor to companng smd sct of pr(xtctincd opcrat&ng param-
eters with said provided Operating parameters of the moni-
tored system.
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39. A system comprisulg
a master computer including predefined operating param-

eters for a plurality of cooling systems;
a microcontrollcr In commulucatlon wilh a Iirst sensor

nlonitoring a motor operating parameter of a monitnred
cooling system and a second sensor monitoring a tem-
perature or pressure parameter of said nlouitored cool-
ing system( and

a computer in colnnlunication with the Iuicnlcontroller to
receive at least one of said motor pammeter and said
tempenlture or pressure parameter. in communication
with and remotely located from said master compmer to
rccenc saul prixlctcmlincd operating paramclers from
said nlaster computer and to compare said motor. tem-
perature or prcssure parameter with xdld prcde(ined
operatin paranleters of one of the plurality of cooliag
systems, and opcrnble to diagnose smd momtorcd cool-
ing systenl based on conlparing said at least one motor,
tempemlture or pressure pamlmeter to said predefined
opcldtulg pardon:teil.

4(l. 'I'he system of claim 39. wherein said micmcontroller
receives said motor parameter and at said tempenlture or
pressure parameter of said monitored cooling system.

4h Thc system of claun 39. wherem saul nucrocontrollcr
recco ca said motor parameter and both of saul temperature or
pressure panlmeters

42. The system of claim 39, wherein said computer is a
hand-held computer.

43. Thc system of clnim 39, whcrcln smd communication
betlveen said master computer and said computer includes
communication via the Internet.

44. The system of claim 39, wherein said conumlnication
bctwcml said master computer and said computer ulcludes
A'Irclcss conuuunuultlon.

45. Thc ay stem of claim 39. further composing a diagnostic
pmgram executed by said master computer to diagnose said
monitored cooling system

46 The system of claim 39, wherein said motor openlting,
parameter includes at least one ofcompressor supply vo itage,
compressor supply amperage and compressor rotational
spccd.

47. Thc system of clmm 39. whcrcln snul tcmpcrature or
pressure parameter includes at least one ofevaponltor refrig-

lc emlnt tenlperature, condenser refrigerant tenlperature. ambi-
ent temperature, conditioned space temperature, superheat
temperature. super cooling temperature. compressor dis-
charge temperature, compressor suction pressure, and com-
pressor discharge prcssure.

48. Thc system of claim 39. further composing a diagnostic
pmgram executed by said computer to diagnose said moni-
tored cooling systenl

49 'I'he system ofclainl 39. Ivherein said plurality of cool-
in systems are differentiated by system confi urations

Io including at least one of refrigerant type. expansion device
type, compressor type. unloading scheme, mid condenser
cooing schcnlc.

5(I. The system of claim 39. wherein said first operating
paranleter is a lov, -side pressure measurelnent and said motor
opemlting parameter is a compressor motor supply amperage

51. The system of claim 39. wherein said first operating
parameter is a lolv-side pressure and said motor operating
parmnetcr is a compressor motor rotational spimd

52. The system of claim 39, further compnslng a third
Ic sensor operable to detect an evaporator refngenlnt tempera-

ture
53 The system of claim 39, further compnsing a third

sensor op era hie to detect a condenser refngerant temperature.
54. The system of claim 39, wherein said cnmputer is

li opcrablc to output repnir ulstructions.

s s s s


