METHOD AND SYSTEM FOR TESTI NG PERFORMANCE OF ELECTRI C APPLI ANCES Fﬁﬁmm ‘3
THE | NVENTI ON The invention relates to a nethod and an apparatus for y
determ ning the performance or quality of assenbled electric appli ar‘g&s S
before they are conpletely assenbled iy assenbly [ines. BACKGROUND OF TIGPPY.
| NVENTI ON Most commonl y, -el ectric appliances such as air conditioners are
~first assenbled in assenbly lines and then brought to an independent test

“station, wher e yROHGTFANTS SYGTIVSPORMESTING PERIORMARGE OF quali ty.

The test line is I ncor por at e assenbly |Iines because such tests
must be done while the air coRHEOTREC ARRIFANGES is operating in a steady
state condition in order to obtain reliable test data, and because the

assenbly |lines cannot stand by until the air conditioner reaches the steady

state on t | b e tests are preferably carried out

sequent i aI%ﬁﬂﬂ%@M@out interruption after the air conditioner
has been put in TReHidn®ibn FdlAfed tol & elethsd andan eppatutusdot deterpainimpt ers
of the tests m ght change during the tests, which nakes the te
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| ow down on n f I odi .
sl ow do c%mp% (ﬁl}J’ ansgmb?ee i géscembly lines.

BACKGROUND OF THE INVENTION

Most commonly, electric appliances such as air conditioners are first
assembled in éssembly lines and then brought to an independent test station,
where they are tested to see whether they have required quality. The test
line is not incorporated in the assembly lines because such tests must be
done while the air conditioner under test is operating in a steady state
condition in order to obtain reliable test data, and because the assembly
lines éannot stand by until the air conditioner reaches the steady state on
the assembly lines.

These testé are preferably carried out sequentially in a given time
without interruption after the air conditioner has been put in operation,
since otherwise some of the control parameters of the tests might change
during the tests, which makes the tests unreliable. In actuality, however, the
assembly lines are often stopped and slow down on account of periodic
recesses, for example, and occasional troubles. : |
' " Therefore, it has been difficult to inéorporate -a test line within -
assembly lines from the point of production efficiency of the assembly lines

_ for air conditioners. ' |

It. is therefore an object of the present invention to provide a method
for testing the performance of an electric appliance while it is still in the
assembly lines.

" It is another object of the present invention to provide a test system



recesses, for exanple, and occasional troubles. Therefore, it has been
difficult to incorporate a test line within assenbly lines fromthe point
of production efficiency of the assenbly lines for air conditioners. It is
therefore an object of the present invention to provide a nmethod for
testing the perfornance of an electric appliance while it is still in the
assenbly |ines. I s anot her object of the present invention to provide a

t est t t
el ectri o iﬁﬁp?amg e R s
with the invention, there is provided a nmethod for evaluating the

performance of an eI ectric appliance, conprising steps of: providing within
assenbl y ISHM;MARY@QFH]HEIWHON operating the appli ance in a
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val ues of Reh Ry Q\ﬂhuﬁﬁi'&t ﬂ}feypéjx‘f{n‘n%néé'@f an electric appliance, comprising
steps of: providing within assembly lines a test line capable of operating the
appliance in a simulation mode and measuring at least one physical quantity
observable for the appliance in the simulation operation;
automatically measuring the values of the physical quantity during the
simulation mode operation a predetermined time (referred to as delay time)
after the start up of the simulation mode operation; and
determining whether a currently measured value of the physical quantity
falls within a first reference range having preset upper and lower limits until
the number of measurement of such physical quantity reaches a first
predetermined number, and, after the number of the measuremenf_. has
reached the first predetermined riumber, whether the currently meésure‘d
value falls within a second reference range which is calculated from the
predetermined number of consecutive measurements that precede the
current measurement.

With this method, the manufacturing line may adequately
incorporate a quality test line which may carry out required tests without
mterruptmg assembly hnes thereby improving its production efﬁclency

It would be appremated that the reliability. of the test may be
improved by not counting those sample data which were determined to be
out of the reference ranges in the first and the second predetermined
numbers of consecutive measurements.

The second predetermined ieference range of the physical quantity
may be defined such that it is centered at the mean value of the maximum
and the minimum of the second predetermined number of consecutive

measurements that precede the current measurement and has a width which



sinmul ati on node operation a predetermned tine (referred to as delay tine)
after .the start up of the sinulation node operation; and deternining

whet her a currently .neasured val ue of the physical quantity falls within a
first reference range having preset upper and lower limts until the nunber
of neasurenent of such physical quantity3reaches a first predeterm ned
nunber, and, after the nunber of the nmeasurenent has reached the first

pr edet ermi ned_nu .. Whet her the currently neasuned val ue fa ML Rin a -
second ref%%é@%ﬁ@%?&?W?eEa@@m mﬁt% W@M&’#&Z‘Hﬁ %&fber of
consecuti t at h & AsterBiTREd - refidehcb hi S
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| i ne whi chratige magrhe definedguch dhiat 46 is centelred tati latestregltie rof thesseebng

lines, thereby inproving its production efficiency. It | d be appyeciated
that . t he rexedgtenmingdonumper; Ofr cCoRSPCHEVE nmw@ae%’yn%t%u REFRSCt ﬁbge

sanpl e data_which wer ' t 0. b8 Ot fRh e hn the
first and ?Wgeggwﬁ%ug?nggéfé%mﬁg(? %ﬁ%@e@%}?ég%%%é@ Etllﬁée neasﬁéigei&ngg?s. The
second preget @l dopdeditivy ceastmental hiidtiphedi 43! @ ueotrbttyomrafadber.
defined such that it is centered at the nean val ue of the nmaxinu a%d t he
ni ni num of Obkiousl;ortie preliabidityi wEdtheintest anayobeedurthes increased by

simultaneous adoption of these two test criteria.
‘In another aspect of the invention, there is provided a test system for
testing the quality or performance of electric appliances, comprising:
a test line incorporated within assembly lines for testing the electric
appliances assembled in the assembly line;
means provided on the test line for running the electric appliance in
a simulation mode;
means provided on the test line for measuring at least one.physical
“quantity observable with the electric é.pplianée under test a predetermined
time after the electric appliance under test is started in the simulation mode;
and
means provided on the test line for determining the performance of
the electric appliance by first determining whether a currently measured
value of the physical quantity falls within a first reference range having
preset upper and lower limits until the number of the measurements reaches
a.ﬁrst predetermined _number, and after the_ number of the measurements
‘has reache& the first predeterﬁined number, whether current value falls
within a second reference range which is defined such that it is centered at
the mean value of the maximum and the minimum of the second
predetermined number of consecutive measurements and has a width which
equals the difference between the maximum and the minimum, multiplied
by a correction factor, and, second, determining whether the currently

measured value falls within a third reference range which is defined such



measurenents that precede the current neasurenent and has a w dth which
3 equal's the difference between the maxi mum and the mninum mnultiplied by

a correcti
range nmay

on factor. Alternatively, the second predetern ned referenc
be defined such that it is centered at |atest value of the

e
second

predet er mi ned nunber of consecutive neasurenents that precede the current
measur enent and has a wi dth which equals the nmaxi mumvariation in the
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physi cal

(hereinafter simply referred to as refrigeration unites) having a compressor,
a condenser, a decompress, and an evaporator, and capable of undergoing
refrigeration cycles, but the invention is not limited to cooling/refrigeration
units.

| It has been known that an important factor in the proper evaluation
of the performance of a refrigeration unit is the refrigerant pressure at the
low-pressure end of the compressor of the unit. This pressure is the lower
pressure of the refrigerant experienced in the cooling/refrigeration cycle, as

discussed in detail later. Another important factor is the electric current

.through the compressor, which is indicative of the electric power consumed

by the'compressoi'. Thﬁs, ‘the means for measuring at least one physical
quantity may comprise a pressure sensor for detecting the pressure of the
refrigerant, and a current measurement device for measuring the electric
current.

Prior to the determination of the performance in accordance with the
invention, it is recommended to preset upper and lower limits of the
reference range in sampling measured data of the physical quantity so that

anomalous fluctuations or improper samples may be eliminated -ﬁom the

‘predetermined number of measurements.

The delay time may be established from the relationship between the
traveling speed and the traveling distance of the electric appliance on the
test line. '

In order to make the simulation mode operation stable and make the
measurements reliable, it is recommended from our experience to run the

refrigeration unit once in a heating mode prior to the cooling mode operation

st one



gquantity observable with the electric appliance under test a predeterm ned
time after the electric appliance under test is started in the sinulation
nmode; and neans provided on the test line for determ ning the perfornmance
of the electric appliance by first determ ning whether a currently neasured
val ue of the physical quantity falls within a first reference range having
preset upper and lower limts until the nunber of the nmeasurenents reaches
a first pﬁ£d£$ gnlned nunber, and after the nunmber of the measurements has
reached t ? predeternlned nunber, whether current value falls within

a second ref ereqﬁeaﬂcﬁﬁeﬁaﬁ‘ﬁé&fbﬂtﬁe @ﬂ&ér{t%h Shefe idp¥ovided & teéstyetad foi t he
nmean val ue of the maxi num and the mni mum of the second pr edet er m ned

nunber of testingdheignality of eleehrionpplinvces; comprising: whi ch. equal s the

di fference between th i num and t m ni nu i ed rection

factor, and, secbfft ﬁé‘gaﬁﬂ’(ﬁgnﬁnv\ﬁé &% cf’ﬂgen‘ltﬁ %{:wsn%rggﬁeéﬁwﬁ%%% falls

within a thi ﬁ%ﬁﬁgf Q:Ca?tﬁr as['gg?éﬁﬂ diptéﬁnﬂﬁlfl'fﬁ? eedi¢thg ele%tﬁ@aépﬂliaﬂcés
est value o

centered a e second predetermned nunbé
from a first assembly line on which the electric appliances were assembled

and an exit terminal for releasing the appliances to a second assembly line
after they are tested;
means for connecting the import and export terminals with the first
and second assembly lines in response to a run signal instructing the
operation of the test line;
test line initiation means for mounting each of the electric appliances
received at the import terminal onto one of the multiplicity of carts and for
_circulating the carts in intermittent movements in response to the run
signal; _
| a mﬁltipliéity of test stations located along the endless éonveyor,
each test station adapted to carry out required tests when the apbliances are
transported to the station;
regulation means for prohibiting repetition of the same test on one
electric appliance once the test has been done on the electric appliance in the
test line ;
means for disconnecting the endless conveyor from the first and
second assembly lines in response to a stop signal instructing the st}opping of
the test line, thereby fehdering the conveyor independent in operation from
the assembly lines and circulating the electric appliances in the test line; and
means for stopping the test line, in response to the stop signal, when
each of the electric appliances has made a complete circulation through the
test line, starting from the position located at the time of reception of the
stop signal. _
With this test line, it is possible to incorporate the test line in



consecuti ve neasurenents that precede the current neasurenent and has a
wi dth which equals the maxi numvariation in the consecutive neasurenents,
mul tiplied by a correction factor. An exanple of such electric appliances
is a cooling/refrigeration unit (hereinafter sinply referred to as
refrigeration unites) having a conpressr, a condenser, a deconpress, and
an evaporator, and capabl e of undergoing refrigeration cycles, but the

invention is n llimted to,cQoling/refrigeratio nits. known
that an i r?&é?’l“glx lings; §¢ W&tht&’é*sﬁgg'b%sr et ?‘Bﬁ %ﬂpt ﬁ@%@?#@?‘ﬁié%g% of a
refrigeratyg i yed 1 I > | ow pressure end of
the conpr ggiély%?‘bﬁle? %}Eﬁf’{%ﬂ?‘g@%@g&g%ﬂ?iﬁg g gtalnggvxir pressure_ of the
refrigerant expéfhenests ito thee paformmed riaf rthpertesi cstatipose mag tadedgsed in

detail later. Another ippqrtant, fagtor is the,electric current through the . -
conpr essornrmr%mon%fqrrmpga&nﬁ)@eeffﬂq ¢pnnectons F’E:V‘gm\%i?n %gﬁéé’y@e?ﬂg o
conpressor .., Thu . TE, o I t | ity
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current. Prior to the determ nation of the performance in accordari;cg wth
t he i nventstoring thei xesnlsfiibediests, andr meking ppeavesatl defoppination of the( e

tests based on the results.

Each of the carts is provided with an appliance information processor
(AIP) unit and a controller described below. The AIP unit is adapted to:
store information that concerns the electric appliance carried on the cart and
is input in a monitor at the reception terminal; '
retrieve such information as the type of the appliance, needed for the test to
be performed at each test station; provide the information to the controller

~when the cart is detected at the test station so that the controller may

. cdntrol the appliance based on the informatidn; store the results of the test;

and provide the results to a general determination unit at the exit of the test
line.

With these AIP unit and controller, it is possible to carry out speedy
and appropriate quality tests on the electric appliances with minimum
manpower, and maintain high quality of the products.

Information that needs to be exchanged between the test stations

" and the ATP unit and the controller on the cart may be attained by a radio
communication system. Such radio communication system will facilitate
data transfer between moving carts and fixed test stations.

When dealing with outdoor units of air conditioners, each of the cart
may have an indoor unit which may be fluid-mechanically and electrically
connected with the outdoor door unit by means of a tube/wire connector when
the outdoor unit received from an assembly line is mounted on one of the

carts. The test line preferably has four test stations so that the outdoor unit



ref erence range in sanpling nmeasured data of the physical quantity so that
anonmal ous fluctuations or inproper sanples nay be elimnated fromthe
predet er mi ned nunber of neasurenents. The delay tinme nay be established
fromthe relationship between the travelling speed and the traveling

di stance of the electric appliance on the test line. In order to nake the
simul ati on node operation stable and nake the neasurenents reliable, it is
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testing the qu ctric appl'tances, conprising: a test |ine having
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may be recovered at the first post-test station, and the outdoor unit is
stopped at a second post-test station. The tube/wire connector is then

disconnected from the outdoor unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be best understood by reference to the
following detailed description of exemplary embodiments when considered in
conjunction with the drawings in which:

Fig. 1 a schematic view of a test systerh em‘bodying the invention
used in conjunction with an air conditioner. ' -

Fig. 2 'is a block diagrafm representation show'ing” the general
structure of an air conditioner including an outdoor unit EX, an indoor unit
DM, and tube/wire connector PD.

Fig. 3 is a block diagram showing the basic structure of a cart for
carrying the air conditioner in the test system.

Fig. 4 is a block diagram showing the basic structure of an
information processing unit of the test system. |

Fig. 5 is a block diagram showing the basic structure of a_control

‘system for the cart. . - '

Fig. 6 is a block diagram representation of a data processing system
of the test system.

Fig. 7 is a block diagram showing the basic structure of test stations
ST1 through ST4. |

Fig. 8 is a block diagram showing the basic structure of post-test
stations ST5 and ST6. |



after they are tested; neans for connecting the inport and export termnals
with the first and second assenbly lines in response to a run signal
instructing the operation of the test line; test line initiation means for
nmounting each of the electric appliances received at the inport term nal
onto one of the nmultiplicity of carts an@ for circulating the carts in
intermttent novenents in response to the run signal; a multiplicity of

test stations lqcated.alo t he engdl ess,conveyor, each test s{atign adapted
to carry out re&'&gr §d1§ @s?‘g’v‘wﬁ@ﬁ?ﬂﬂﬂsﬁ'ﬁﬂ"igaﬁﬁ PIPECSEIE PFBFE ‘Hetgortﬁe
station; r iﬂa@%{amﬁedﬁ{ Kgggytlgg%gi&g. repetition of the sane test on
one el ectrrc appl1ance once the test has been done on the electric

appl i ance in theFiges10|isne; bivensdiagrani showingt the basic estituchsrec ofivayor

fromthe first and second, assenbly lines in resaon.sg. t@ a stog si gnal -
i nst ruct i rkgfrigeraiiampnHgwish itseutdegr ynif sonpegied Jyith & dummy 1deor Wnley or
I ndependent_in | O assenbly lines and circulating the
electric a%tb(#log%c)ag{sféinn ghcéé@%ﬁ}—eﬁe; and neans for stopping the test line,
in response to thig 910 & Moler diigtaastithef ovtdeor edt widickhiplcoaneetsdhas

made a conplete circulation through the
with the dummy indoor unit in the cooling mode.

Fig. 12 is a table form of data showing abnormal symptoms in terms
of the electric current (indicative of power consumption) and the
corresponding refrigerant pressure at the low-pressure end of the
COmpressor. _

Fig. 13 is a graphical representation of a sequence of electric currents

" obtained in consecutive measurements over a given period of time.

Fig. 14 is a flowchart illustrating a data processing procedure in the

capacity test. o
' F1g 15 is a ﬂowdhart ﬂlnstrating a reference shifting procedure for
compensating changes in environmental factors.

Figs. 16 and 17 altogether show in flowchart a trend test procedure.

Fig. 18 is a schematic view of the quality test line immediately after
the test line is put in a stopping operation.

Fig. 19 is a flowchart showing the steps carried out in the test station
ST1 immediately after the test line is put in the stopping operation.

Fig. 20 is a flowchart shpwing the steps carried out in the test station
ST2 immediately é.fter the test line is put in the stoppihg operation

Fig. 21 is a flowchart showing the steps carried out in the test station
ST3 immediately after the test line is put in the stopping operation.

Fig. 22 is a flowchart showing the steps carried out in the test station
ST4 immediately after the test line is put in the stopping operation...

Fig. 28 is a flowchart showing the steps carried out in the post-test
station ST5 immediately after the test line is put in the stopping operation.



test line, starting fromthe position |located at the tinme of reception of
the stop signal. Wth this test line, it is possible to incorporate the
test line in 6 assenbly lines so that these |ines may run and stop
together and may greatly shorten shipping tinme for the electric appliances.
The tests to be perforned in the test staions may include preparations for
fluid and el ectric connections involved in the tests by neans of tubes and
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det erm nati on of tests based on the res he carts is
provi ded with arFigpi25 é@eflowchantshowing thesseps (CArfpd unitt iradgeneral
control |l er _descri bed below. The AIP unit |s ada ted to: store |nformat|on
t hat conce‘iﬁgrmh’éaféWéd%debFBBﬁ#aéﬂ]é’ea@;ﬁFr %YF?el"ci’Ht 1Bnthe STORINE i n a

noni tor at tggt §cept|on termnal; retrieve such I nformation as the type of
t he applla% M8eded for the test to

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Fig. 1, there is shown a test line provided within
assembly lines for electric appliances, more particularly for outdoor units EX
of separate type air conditioners. The test line is capable of carrying out
quality tests or capacity tests for different types of refrigeration units having
different refrigeration powers.

A conveyer CV having a multiplicity of carts CD (as many as twenty
five carts in this example) is capable of transporting the carts in intermittent
movement in the counterclockwise direction for 6 seconds, for example, after

: every 12-second péuse. -

Each of the carts is provided on the underside thereof with a dummy
indoor unit DM (which will be described in detail in connection with Fig. 2).
An outdoor unit EX is fed from a preceding assembly line (not shown) to the
conveyer CV. At the import end of the conveyer, the outdoor unit EX is
mounted on a palette PL (not shown) which is in turn mounted on one of the
carts CD. The outdoor unit EX is then connected with the indoor umit

~installed on the cart. using a tube/wire connector PD. The tube/wire
cohnecfor PD is designed to provide fluid connection and electiic power
connection as well as signal connection between them. The cart CD is
further provided with a slider (not shown in Fig. 1), through which electric
power is supplied to the indoor unit and the outdoor unit EX.

Fig. 2 shows a basic structure of an exemplary air conditioner that
comprises an outdoor unit EX, an indoor unit DM, and a tube/wire connector

PD described above. As shown in this figure, the outdoor unit EX includes a



be perfornmed at each test station; provide the information to the

controller when the cart is detected at the test station so that the
controller may control the appliance based on the information; store
results of the test; and provide the results to a general determ nati
unit at the exit of the test line. Wthiohese AIP unit and controller
is possible to carry out speedy and appropriate quality tests on the

electric
products.
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on one of the carts. The test line

preferably has fDhe tubsiwité adonaestoscPDhadclades: cutndsnoualuvalve NV1 and a

large-diameter tube PM1 for connecting the EC of the indoor heat exchanger
MI with the manual valve MV1; the manual valve MV2 and a small-
diameter tube PM2 for connecting the P of the indoor heat exchanger MI
with the manual valve MV2; and a signal line PL for connecting the
controller MD of the outdoor unit EX with the controller MS of the indoor
unit DM.

As any one of the carts CD of Fig. 1 is advanced by two moves or two
steps by the conveyer CV from the import end thereof to the location of an
operator OP1 in the test line, the operator OP1 connects the outdoor unit EX

dat a

r -unit
ut door

Q?ﬂ'ifiKOfanﬁéb@ﬂfrﬂlé MEpnnect or when the outdoor unit received
y TThe Is nounte

Witli the tubes PM1 and PM2 of the tube/wire connectoi' PD which have beén '

already connected with the indoor unit DM of the cart CD. The cart CD is
then moved two steps further to a first test station ST1 by the conveyer CV,
where the outdoor unit EX is tested to see if the unit EX has required
insulation resistance against a prescribed high voltage impressed on the
electric terminals (not shown) of the outdoor unit EX.

The cart CD is then moved two steps further by the conveyer to a

second test-station ST2, where the outdoor unit EX is subjected to start up .

test for idw-voltage, in which the outddor unit EX is energized by, for
example, 85% of the nominal voltage to see if the compressor MP of the
outdoor unit EX can start its operation as required. It should be noted that
in this test the air conditioner is set in a heating mode.

Next, the cart CD is moved four steps by the conveyer CV to a third
test station ST3, where a heating capacity test is conducted on the outdoor

unit EX to see if the unit has required heating power at the time 60 seconds



7 is tested to see if the unit: has required insulation resistance, at the
first test station; nay start up at a | ow voltage at the second test '
station; may operate in a normal heating node at the third test station;
and operate in a normal cooling node at {Qe fourth test station. The test
line has further stations, a first and a second post-test stations. The
refrigerant of the outdoor unit may be recovered at the first post-test
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without stopping the compressor MP.

The cart CD is again moved by five steps to a fourth test station ST4,
where the outdoor unit EX is tested if it has sufficient refrigeration power 78
seconds after the start up of the cooling mode by measuring the electric
power consumption by the compressor MP (or electric current through it) and
the refrigerant pressure at the low-pressure end of the compressor MP.

Afterwards, the cart CD is advanced one step further by the conveyer
CVitoa bost-test station ST5, where the outdoor unit EX is put in a first

'refrigerant recovery procedure for recovering the refrigerant that has flown
out of the outdoor unit EX to the dummy indéor unit MD back to the outdoor
unit EX. The refrigerant is pumped down by machine for collecting
refrigerant (not shown) from the indoor unit MD to the outdoor unit EX.
The procedure is started while the cart is in this station by shutting down
the manual valve MV2 of the small-diameter tube PM2 and pumping down
the refrigerant from the indoor unit MD.

As the cart CD is move by the conveyer CV three more steps, it
reaches a sixth station or i)ost-test station ST6 whe_re a second rgfrigerant
.r'ecovery proce‘din‘e is initiated to finish the pumping down of the refrigerént; :
At the end of the second refrigerant recovery procedure, the machine shuts
the large-diameter tube PM1, and stops the operation of the compressor MP.

When the cart CD is moved two step further to the location of a
second operator OP2, the operator 0.P2 makes a general determination, after
which the cart CD is further moved by one step by the conveyer CV to a third

operator'0P3, who disconnects the tube/wire connector PD from the outdoor



Fig. 4 is a block diagramshow ng the basic structure of an information
processing unit of the test system Fig. 5is a block diagramshow ng the
basic structure of a control systemfor the cart. Fig. 6 is a block diagram
representation of a data processing systemof the test system Fig. 7 is a
bl ock di agram showi ng the basic structure2of test stations STl through ST4.
Fig. 8is a bIock di agram showi ng the basic structure of post-test stations
ST5 and ST6 t Fig. 9is a flowhart illustrating data processing
procedure H X:typical test conducted in the test station. Fig. 10 is a

bl ock di agr am S heHe Nt f(m%%hcpﬁdcw&é Hwd Rlord Ft8hS it Tha! &0 part tofviteh i ts
outdoor unit connected with a dunmmy i1 ndoor unit and operating in a cooling
nmode. Fi g. cdiveysr CVWpmitiere thieamrtdoonfunit&Xas diemounted firone thescaxbrBct ed
' together with the palette, and carried away toa subsequent assembly line.
It is worth while to note that a monitor PC1 (referred to as object
monitor) is provided in the neighborhood of the operator OP1 to indicate to
the operator OP1 such data as the type of an object (which is in this example
an outdoor unit EX) on the cart, modes of connections of the tubes and the
electric wires involved. The data have been stored in an appliance
information processor (AIP) unit ID described later for each type of objects.
A general determination unit PC2 is installed near the operator OP2
to indicate to the operator OP2 necessary data and the results of the tests
done on the outdoor unit EX on the cart CD in front of him, so that the
operator OP2 can make his determination easier. The data and the test
results to be indicated on the general determination unit PC2 have been also .
stored ixi the AIP unit ID. o
Referring to Fig. 3, there is shown a basic structure of a typical cart
CD. As shown in this figure, the outdoor unit EX mounted on a palette PL is
further mounted on the cart CD. The cart CD is provided with a tube/wire
connector PD, a controller CC, and an antenna AT for transmission/reception
of necessary data between the wireless communication system (described
later) of the cart and the stations ST1-ST6. The palette PL is provided with
an AIP unit ID (in the form of IC card, for example) for storing information
concerning the outdoor unit EX. - ' . _
Fig. 4 shows a basic structure of the ATP unit ID. The AIP unit ID is
provided with a controller CCa for controlling the AIP unit ID, a memory
MMa for storing information concerning individual outdoor units EX on the
palettes PL. Included in the information are such data as the type, model
number, and body identification code of the outdoor unit EX as well as kinds

of tests and post-test operations to be performed in the test stations ST1-ST4



wi th the dummy indoor unit in the cooling node. Fig. 12 is a table form of
data showi ng abnormal synptons in terns of the electric current (indicative
of power consunption) and the corresponding refrigerant pressure at the

| ow pressure end of the conpressor. Fig.,13 is a graphical representation
of a sequence of electric currents obtained in consecutive neasurenents
over a given period of time. Fig. 14 is a flowhart illustrating a data
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I medi ately after the test line is put 1n the stopping operation.
system I0a which is capable of exchanging various data with the stations
ST1-ST6 needed by the controller CCa. The data includes information
concerning the outdoor unit EX, results of the tests, and the determinations
made for the outdoor unit EX.
Fig. 5 shows a basic structure of the control unit CC of the cart CD._
The unit is provided with a controller CCb for controlling the operations of
the control unit CC. A wireless communication system WRa is provided for
radio communication with the stations ST1-ST6 for exchanging necessary
information, via an antenna AT (Fig-. 8). It is noted that the stations ST1-
ST6 are adapted to instruct the cdfltroller CCb to undertake necéssary
actions to carry out the tests and post-test operations based on the data
stored in the AIP unit ID. Upon completion of the tests, the controller CCb
returns the results of the tests and post-test operations to the stations ST1-
ST6 as required. The stations then store the test results in the AIP unit ID.
A slider SD, which is in contact with a power line LL installed on the
conveyer CV, is provided for taking in electric power for the outdoor unit EX.
'The electric energy is provided to the outdoor unit EX via a switch SWa and
three power lines L1, L2, and L3 connected with the tube/wii'e connector PD.
These power lines LL. may provide power in different modes (for example,
two-phase alternating currents of 100 Volts and 200 Volts and three-phase
alternating currents of 100 Volts and 200 Volts). Based on the information
on the outdoor unit EX received from the stations ST1-ST6, the controller
CCb controls the switch SWa to deliver necessary electric power to the
outdoor unit EX through the power lines L1, L2, and L3.



Fig. 22 is a flowhart showing the steps carried out in the test station
ST4 imredi ately after the test line is put in the stopping operation...

Fig. 23 is a flowhart showi ng the steps carried out in the post-test
station ST5 inmedi ately after the test line is put in the stopping

oper ati on. 9 Fig. 24 is a flowhart sHowing the steps carried out in the
post-test station ST6 imrediately after the test line is put in the

stoppi ng operatign. Fig, 25 (s a flowhart showi ng the ste caryl.ed out in
a general deter n‘gﬁatmmf‘%ﬁ?i CincHHe '&té’P?nﬁﬁtlear witle thesconfrpllers ¥n the
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The switch SWb is turned on when the controller CCb of an
automated unit for variable-capacity type air conditioner, for example. In
this case, the outdoor unit EX is equipped with a microcomputer to control
the controller CCb. On the other hand, when the outdoor unit EX is one
whose compressor MP is turned on and off, the switch SWb is switched off.

Referring to Fig. 6, there is shown a control system of the test system.
It is shown in the figure that a bus SB is provided to connect not only the
stations ST1-ST6, but also an object nionitor PC1, a general determination
unit PC2, an integration unit PC3, and an operation monitor PC4 together,
so that necessary data may be exchanged between them through the bus SB.

| The integration unit PC3 may control the operations of the test and
the post-test stations ST1- ST6, the object monitor PC1, and the general
determination unit PC2 in an integrated manner. The integration unit PC3
is also capable of storing a given number of the results of the tests in a
historical order for each type of the outdoor units EX.

The integration unit PC3 includes a common memory which is
accessible to any of the stations ST1-ST6 and the devices such as the object
monitor PC1, the general determination unit PC2, the integration unit PC3
and the operaﬁdh monitor ,PC4, since they are connectéd with the bus SB. -
Through the common memory it is possible to organize the operations of the
above mentioned stations and the devices and control the operation of the
individual stations and the devices.

The operation monitor PC4 may serve as an I/O device for inputting
various types of information for the test system and for storing the

information in the common memory, so that the monitor PC4 is preferably



five carts in this exanple) is capable of transporting the carts in
intermttent novenment in the counterclockw se direction for 6 seconds, for
exanpl e, after every 12-second pause. Each of the carts is provided on the
underside thereof with a dummy i-ndoor un % DM (which will be described in
detail in connection with Fig. 2). An ou? oor unit EX-is fed froma
precedi ng assenbly line (not shown) to the conveyer CV At the inport end
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outdoor unit EX includes a

station ST1 in connection with Fig. 7 is true for other test stations ST2-ST4,

and description for them will not be repeated. The test station ST1 is under
the control of a controller CCc. A limit switch LSa may detect the cart CD
when the cart has arrived at the test position associated with the test station.
A wireless communication system WRb may exchange data necessary for the
station ST1 with the wireless communication syétem WRa of the control unit
CC of the cart CD.

A wireless communication system IOb may exchange various data
with the wireless communication system IOa of the AIP unit ID as required.

Reférring to Fig. 8, theré is shown an exemplary post-test station
that may be used as any one of the stations ST5 and ST6. A controller CCd
controls the pbst-test station. A limit switch LSb detects the cart CD
arriving at the test site of the post-test station. A wireless communication
system WRc may exchange various data with the wireless communication
system WRa of the control unit CC of the cart CD. A wireless
communication system IOc is provided for exchanging data with the Wireless

_ communication system IOa of the ATP unit ID. A machine RB for collecting
reﬁigérant may recdver, from the dummy indoor unit to the outdoor unit EX;
the refrigerant that has flown out of the outdoor unit EX into the dummy
indoor unit.

Referring to Fig. 9, there is shown a sequence of steps performed by
the controllers CCc and CCd during the tests and post-test operations in the
stations ST1-ST6. .

When a cart CD is detected b'y the limit switches LSa and LSb (Step
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10 conpressor MP, a four-way val ve M-, an outdoor heat exchanger MX, a fan
MM a capillary tube MC, a nodul ator/strai ner MD, manual valves W1 and
M2, an accunul ator MA, and a control unit MD. The indoor unit DM includes
an i ndoor heat exchanger M, a cross fl fan MK, and a controller MsS. The
tube/w re connector PD includes: a manual valve NV1 and a | arge-di aneter
tube PML for connecting the EC of the indoor heat exchanger M with the
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are given to the control unit CC of the cart CD (Step 103).

Given the control data, the control unit CC actuates the outdoor unit
EX such that the station ST1-ST6 performs required tests or post-test
operations, and obtains corresponding results (Step 104).

The station ST1-ST6 then writes the results of the test or post-test
operations in the AIP unit ID (Step 105), and at the same time transmits the
results to the general determination unit PC2 along with other data such as
the identification code of the outdoor unit EX tested.

It should be noted that in the example herein shown, the invention
determines the heating capacity of the outdoor unit EX from the evaluation
of data obtained in sequential measurements of the electric current and the
refrigerant pressure at the low-pressure end of the compressor MP during a
transient period which begins at a time after the start up of the heating
mode, while the refrigeration capacity of the outdoor unit EX is determined
from the evaluation of data obtained in sequential measurements of the
electric current and the refrigerant pressure during another transient period
whlch begins at another time after the start up of the refrlgeratlon cycle.

The principles lying behlnd the determinations of the heatmg/'
refrigeration capacity based on the transient behaviors of the outdoor unit
EX will now be described in detail.

Fig. 10 depicts the basic structure of an air conditioner comprising
the outdoor unit EX connected with a dummy indoor unit DM, operating in a

cooling mode.
A gaseous refrigerant, compressed in the compressor MP to a state of



I nsul ation resi stance against a prescribed high voltage inpressed on the
electric termnals (not shown) of the outdoor unit EX. The cart CDis then
noved two steps further by the conveyer to a second test station ST2, where
the outdoor unit EX is subjected to start up test for |owvoltage, in which
.the outdoor unit EX is energized by, foriexanple, 85% of the nom nal
voltage to see if the conpressor MP of the outdoor unit EX can start its

operation as.required. It .should be noted that in. this test the afr
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PP4. In the heat exchanger MI>,/ the refrigerant is allowed to evaporate by
absorbing heat from the surroundings. The evaporated gaseous refrigerant

is returned to the low- pressure end of the compressor MP through a pipe 5,

where it is compressed. again in the next cycle.

Fig. 11 show a Mollier diagram for the refrigeration cycle described
above. A curve SC represents the saturation curve for the refrigerant. The
curve is obtained by plotting the absolute pressure of the refrigerant gas as a
function of enthalpy.

If in a refrigerant cycle the unit is operating in a normal operating
condition, the refrigérant undergoeé changes in state starting from a point A
through points B, C and D, and back to the point A on the Mollier diagram.
The side AF of a shaded triangular region as defined by the three points A, B,
and F, represents the work-equivalent of heat or the amount of heat
equivalent to the net work done by the compressor MP, from which the |
refrigeration cycle may be determined.

The Mollier diagram does not change for the refrigeration cycle so
long as the lower pressure Pl(pressure at point D) and the work-equivalent
AF of the compressor MP remains unchanged. In other words, éhuold any
abnormalitiy takes place in the refrigeration cycle, at least one of the
pressure P1 and the work-equivalent AF is changed.

For example, if the output pressure of the compressor MP is lowered
due to some malfunction of the compressor, point B will move downward

towards point A along the line BA, resulting in a change in length of the side
AF If the capillary tube MC is clogged, the lower pressure P1 will decrease.



W t hout stopping the conpressor MP. The cart CD is again noved by five
steps to a fourth test station ST4, where the outdoor unit EXis tested if -
it has sufficient refrigeration power 78 seconds after the start up of the
cool ing node by neasuring the electric power consunption by the conpressor
MP (or electric current through it) and *?e refrigerant pressure at the

A

| ow- pressure end of the conpressor MP. erwards, the cart CD is advanced
one step further

by the. conveyer to ost-test stati ST5, where the
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described above, we have found from repeated experiments that there are

nofable correlations between the types of malfunction and the capacity of a
refrigeration cycle in terms of the refrigerant pressure at the low-pressure

end of the compressor and the electric power consumed therein, as shown in

Fig. 12. In this figure, "Rise" and "Fall" mean rise and fall in electric

current through the compressor or in refrigerant pressure at the low-

- pressure end of the compressor. ~ It should be noted, however, that the "Rise"

: and "Fall" of the preséufé can be easily overlooked, especially when the
change in pressure is "a little rise", if the pressure has a rising and falling
trend, respectively, since the rising and falling trend can easily smear small
characteristic changes. The same is true for the electric current. In Fig.
12, such indiscernible changes are referred to as "NG" (as described in detail
later). In order to discern these characteristic changes from the trend
without failure, simultaneous measurements of the pressure and the electric
current as well as trend tests thereof are inevitable, as described in detail .

" below. ~ Such simultaneous measurements are recommended also for most
commonly observed symptoms of type "1" and type "2" as shown in Fig. 12.

. Similarly, it is possible to diagnose the heating capacity of an outdoor
uﬁit EX by measuring the lower pressure in the refrigeration cycle of the
compressor and the electric current through it during a heating cycle.

It is well known that the electric current through a compressor and

the refrigerant pressure at the low-pressure end of the compressor of the



When the cart CDis noved two step further to the |ocation of a second
operator OP2, the operator OP2 nmakes a general determ nation, after which
the cart CDis further noved by one step by the conveyer CVto a third
operat or OP3, who di sconnects the tube/wi re connector PD fromthe outdoor
12 unit EX. The cart CD then proceeds tw® nore steps to the exit port of
the conveyor CV, where the outdoor unit EX is di snmount ed fromthe cart CD

together with the palette, carrie ubse sse lin
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tests the capacity tests under these variable ambient conditions. Hence, the
invention employs a new test procedure, as described in detail below.

Referring to Fig. 13, a general procedure for evaluating a set of
values obtained by a sequence of measurements. Fig. 13 shows such an
example of measured values (which will be referred to as reference data)
obtained in consecutive measurements of a physical quantity such as electric
current through a compressor MP, over a period of time. The following
description of such measurements mainly concerns the electric current, but
it would be understood by persons skilled in the art that it will apply equally
well to the l_ower pressure in the refrigeration cycle of the comp‘ressbr.

The valﬁe of the electric current to be evaluated in the capacity test
is referred to as current value and denoted by Sn. Sample values that
precedes Sn are denoted by S(n-1), S(n-2), ---, S(n-9) in the order of reverse
time.

From these measurements it is possible to set an upper and a lower
limits GX and GI, respectively, of a region (referred to as trend test reference
range) for testing the validity of the current value Sn, as described below..
If the current value Sn falls within the trend test reference range, Sn is

" determined to be prop‘ér. Otherwise, it is determined to be improper. Such
determination of the validity of the current value based on the reference data
that precede Sn will be referred to as trend test. The trend test reference
range may be defined such that it is centered at the mean value, Sm=(Sx +
Si)/2, of the minimum Si and the maximum Sx of the preceding values S(n-1)
through S(n-9), and has a width which is equal to the difference, (Sx - Si)
multiplied by a factor K1.  Thus, the upper limit GX may be defined by (Sx



done on the outdoor unit EX on the cart CDin front of him so that the
operator OP2 can nake his determ nation easier. The data and the test
results to be indicated on the general determi nation unit PC2 have been

al so stored in the AIP unit ID. Referring 2h° Fig. 3, there is shown a basic
structure of a typical cart CD. As shown in this figure, the outdoor unit
EX nounted on a palette PL is further nDunted on the cart CD. The cart CD

is provided wWth.a tybelw.re connector tro er, and an,.ant enna
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kinds of tests and post-test operations to be performed in the test

stations SI1- Thus, the current data Sn may be tested two-fold by seeing if the

data falls within the first reference range and if the variation falls within the

second reference range. The test based on the second reference range will be

referred to as trend test.

The trend test may provide an adequate evaluation of a time
dependent variation of a physical quantity. From the trend tests for the
electric current and the refrigerant pressure, the capacity of an outdoor unit
EX may be determined quite well.

Actual evaluation of measurement data follows the above general
procedure. -

Fig. 14 shows a procedure taken by the general determination unit
PC2 for processing the measured data in the tests.

At the beginning, a counter C is initialized to zero every time the
model or type of the compressor under test is changed. The counter is
incremented by 1 every time a test is repeated for the outdoor units of the
same model (Step 201). Thus, the count stored in the counter represents
the number of the tests repeated. _

In Step 202 a query is made if the trend test reference range must be
modified for the outdoor unit under test. This is because measured values
often depend on the length of the period of operation prior to the
measurement. Normally, the conve;ter carrying the outdoor unit ES is
driven at a constant speed and hence the length of simulation mode that the

outdoor unit EX has experienced while it is carried by the conveyer (which

equals transport time between the two test stations) is substantially



13 and the post-test stations ST5-ST6. The stations ST1-ST6 carry out
respective tests and post-test operations based on the individual data. The
results of the tests and determ nations nade are witten in the AIP unit ID
by the test stations ST2, ST3, and ST6, while the other data are stored in
the menory Mva when the outdoor unit EX iA nounted on the palette PL. The
AlP unit IDis also provided with a wireless conmuni cati on system | Ca which
i s capabl e of exchangi ng various data with the stations.ST1-ST6 nee ed by
the cont r siomstantca Howeverathe sonsieyar somatimeinesds Wprailova dormdue toor
unit EX, result . L he 1. At ; t door
anit Bx g esiablalses ipdeTestiatior hothRl 07 cheaseRaR, high, diskeby! (00
CD. The urvéx?'m% Ehoybsied oficpbratiewof tled batddorturiio beforetthel heagntengent.
operations of the control unit CC. A wireless conmmunjcation system is
provi ded fTBhus,za erdestmperform arpropen trend sesd: t%m@hﬁs@mnpgrtis #B%gi ng
necessary inforpation, via an _antenna AT (Fig. 3). 1Lt | t he
stations §Pf{; ere LARESt By PEECTSALY rla’cf"g?%%a%%tvbtl&ﬁ Qr?e g%t%tq% {;J!ﬁglel%t ake
necessary '\gfh"o i ASth 8PSperativh, 4B ¢S dbhes Steped on
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control | er2@Zb

If the answer is YES in the query 202, a further query is made if the
period of heating or cooling between two successive test stations is preset
transport time T1 (Step 203), where T1 is set to twice the period required for
the outdoor unit to move from one station to another, for example from the
test station ST2 to the test station ST3, under a normal operating éondition.

If the answer is YES in the Step 203, an offset value OFt is
calculated in Step 204. The offset value OFt represents the magnitude that
the trend test reference range (described in detail later) must be shifted to-
compensate excessive heating or cooling that has taken pié.ce in connection
with the Step 203. The magnitude of the offset OFt is determined based on
empirical data established for that type of outdoor unit EX under test. On
the other hand, if the answer is NO in either the Step 202 or 203, it means
that the physical quantity is not affected by the transport time, and the Step
204 is skipped. The offset value OFt is then set to zero.

Next, a query is made if the trend test reference ranges are affected
by the environmental factors (Step 205). If the answer is YES, a decision is
made if the environmental factors listed below have changed (Step‘ 206). In
the example shown herein, the decision made in Step 206 concerns if at
least one of the three parameters has changed: (a) the compressor
temperature exceeds the preceding temperature in excess of a predetermined
value; (b) the temperature of a dry thermometer in the test station exceeds a
predetermined value; and (¢) the humidity in the test station exceeds a

predetermined value.



returns the results of the tests and post-test operations to the stations
ST1- ST6 as required. The stations then store the test results in the AP
unit ID. Aslider SD, which is in contact with a power line LL installed on
t he conveyer CV, is provided for taking 2a electric power for the outdoor
unit EX. The electric energy is provided to the outdoor unit EX via a
swtch SWa and three power lines L1, L2, and L3 connected with the

tube/wire conneqyRen e dRGIEr ROWHS ih 188 Step06,P4 Rtdys! of RAMEIonnlexntal f er ent
nodes (for exanple, two-phase alternating currents of 100 Volts and 200

Vol t s and fabtozanplifivation: Stopt207) is dnitéated tofrei@dculate factors Kzoand|Kp) .
Based on the informat]jon on the_outdoor unit [ ecel Vi romst.he ations
ST1- ST6, tWRickoRKe Uee Fnégﬁ trgnd tgpts tﬂ%%%@% @\glee%&g@ r\'/erﬁ:’n%‘bgégary
electric p t ;< B t t : ; L§n and
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provided fibiis exseheeofactord K a andt Kp talte sestoti at ed outdoor unit EX  The
interface circuit IFa is connected with the power lines L1 and L2 via a

switch SW so t H¥ext, iihe yakhua of therconmten®yis sheekadjwhebher itas greater than e
outdoor predetermined value, which is normally 9 (Step 208). The value of the

counter C is initialized to zero at the beginning of a working day or when the
type of refrigeration unit changes during the working day. If, in the Step
208, the answer is No for the outdoor unit under test, a query is made if the
tests have been done for the same type of the outdoor units at the test station
and the test results have been stored in the integration unit PC3 (Step 209).
If the answer is NO, an initial value for the test reference range is obtained
from the integration unit PC3 for that particular model of the outdoor unit
EX, and initial determination of the capacity is made (Step 210). _
| If the answer is YES in the Step 209, a trend test is made (Step 211)
. using the trend test reference range obtained from the preceding test results
and stored in the integration unit PC3, in a manner as described in detail
below.

Coming back to the Step 208, if the answer is YES, a trend test is
made (Step 208) using the reference data mentioned previously in connection
with Fig. 13.

An example of Environmental Reference Modification step (Step 207)
is show'n. in Flg '15. The procedure starts with Step 221 where the
temperature Yc of the compressor of the current outdoor unit EX, dry
thermometer reading Yd, and wet thermometer reading Yw are input. The
values of Ye, Yd, and Yw are normalized to Yc¢', Yd', and Yw', respectively, in
Step 222.

In the next Step 228, changes dYc', dYd', and dYw' of the Yc', Yd', and

Yw' relative. to the preceding values Yc, Yd, and Yw , respectively



unit EX only when the switch SW is closed. The switch SW is turned on
when the controller CCb of an automated unit for variabl e-capacity type air
conditioner, for exanple. In this case, the outdoor unit EX is equi pped
with a mcroconputer to control the contrgller CCb. On the other hand, when
the outdoor unit EX is one whose conpressor MP is turned on and off, the
swwtch SW is switched off. Referring to Fig. 6, there is shown a control
system of the test system It is shown in the figure that a bus SBis

provi ded t(bereinafter referred| fo tase difference s3] -8F6caloulatetlsty ahtain the

nonitor PCl, a ner gl ..determ on unit P n_integration unit PC3, and
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manner. The integration unit PC3 is also capable of storing a given nunber
of the resdnesvay te estakligh the, ngurakneiwerk opgragionsds asfollompye Frstide
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unit PC3 and the operation nonitor PC4, since they are connected with the
bus SB. step until the functional relationship converges so that one may obtain, for a

set of given differences, a desirable set of values for Ka and Kp. This
enables the network to yield proper values for the Factors Ka and Kp for an
arbitrary set of reference data.
Figs. 16 and 17 altogether show a procedure for the trend test of the
Step 212. As seen in the figures, the procedure starts with Step 301 where
a number Rm, indicative of the number of reference data used in
constructing a treﬁd reference range, is set to a predetermined number,
which is 9 in this example. The pi‘ocedure then procee'ds'to the f'ollowing.
steps in sequence: Step 302 where Trend Test Data D_g is set to 1.5; Step
303 where Max/Min Correction Factor H_g associated with the trend test
reference range to 1.2 (Step 303); Step 304 where a flag F_f for a
predetermined Filter Operation described below is set; Step 305 where
Lower Limit Factor M_w, which is a factor to define the lower limit of the
reference range for the trend test, is set to 0.5 amperes; and Step 306 where
a factor X_f to define the_ nmber of data to be included in the reference data,
to L.5. | | N |
When all of the initialization steps 301 through 306 are finished in
this manner, a current data D, which corresponds to Sn, is input in Step 307,
so that a difference dD between the current data D and the preceding data
S(n-1) may be calculated and stored in a memory (Step 308).
Next, the maximum variation is obtained for the reference data (Step

309) by calculating the difference between two successive data, along with



Through the common nenory it is possible to organize the operations of the
above nentioned stations and the devices and control the operation of the

i ndi vidual stations and the devices. The operation nonitor PC4 may serve as
an |/O device for inputting various types of information for the test
system and for storing the information24n the common nenory, so that the
nmonitor PC4 is preferably 15 installed in a product quality control

room for exanple, where a manager - E/ easily access the stored |nforrrat|on
for cont r dihei mgxnmunstaad tdxesmmmump the@eompmremﬁnts dPtercd10hd

general dete P Ref errd n wn a
basic str eﬁleégt %‘é‘&tmssﬁ "9%3# Eﬁﬁlgh%‘i Dﬂgﬁeﬁﬁﬂgﬁstood
that the t #a%t(ﬁ{t'hgﬁeﬂ testbferdnge QBné@ﬁré BhRuifiéd Wsind the folldwing sehat is
descrlbed ow on the test station In connection wmth Fig. 77is true
for other ¢fagjuatioaisi@s ST2- ST4, and descrl ption for themw Il not be
repeated. The test station ST1'is under the control of a controller CCc. A
limt switch LSa may detect the cart CD when the cart has arrived at the

test position asEE&iiﬁt:_e&_vg -UNH)PZ t ﬁit_a§t1@££)%'x Hg
Dmax=X a+N_a)/2+ (X a-N_a/2)xH. g ...... ¢))

D_min and D_max correspond to GI and GX of Fig. 13, respectively.

In the next Step 312, a decision is made if the flag F_fis set. If the
flag is set, the following operation is performed to modify the D_min and

D_max using the following equations (ii).

‘D_min = (D_min + D_min' x Cf) / (Cf +1)
D_max = (D_max +D_max'x C) / (C£+ 1) cone..... (id)

where D_min' and D_max' are the lower and upper limits of the trend test

reference range, respectively, obtained in the preceding calculation. A

quantity Cf is an appropriate factor to modify D_min' and D_max' to D_min

and D_max, respectively. This modification (ii) is called Filter Operation.

A default value of Cf may be arbitrary chosen, which is 2 in this example. It

should be noted that, when the flag F_f has not been set (resultmg in NO in
~ Step 312), Step 313 is skipped.

In Step 814, a decision is made if the calculated trend test reference
range is smaller than the Lower Limit Factor M_w (Step 314). Ifit is, then
the calculated lower and upper limits of the trend test reference range,
D_min and D_max, respectively, are clamped or modified such that the
width of the trend test reference range becomes a prescribed minimum
values (Step 315). However, if the decision is No in Stgp 314, Step 315 is



A wirel ess communi cati on system WRb may exchange data necessary for the
station ST1 with the wirel ess communi cation system WRa of the control unit
CC of the cart CD. A wireless comruni cation system | Cb nay exchange vari ous
data with the wirel ess conmunication syste&2f 10a of the AIP unit ID as
required. Referring to Fig. 8, there is shown an exenpl ary post-test
station that nmay be used as any one of the stations ST5 and ST6. A
controller ontrols the post-test station. Alimt switch LSb detects
the cart rrving at the test site of the post-test station. A wireless

comuni cati on syFhe Prifsdureytiacproeseds o6 Sesr 318; avHGrbftHehmmimaheaad
communi cation system WRa of the control unit CC of the cart CD.

wirel ess cﬂ:amxcmnm,nDspnnand Brmag, pespectizely; are axaliimligdby aasmomveh t he
wireless c ni cat i m | ma e r
col | ecti ng%rggu : @r cﬁ% xFS&ﬁP?hE% I}PJBS’&H?M‘ Iﬁ%
out door unjifyifX D Hﬁ]‘fn ra?fdrmﬁfﬁptreéﬁ@ﬁzwgﬁs a{r’e%tl%i‘t mlifidte bﬁlﬁcﬂﬁﬁ'bn%ﬂ t EX
into the dumy’in unit. Referring to Fig. 9, there is s own a sequence

of steps pefféetrvadde Ft toeeanbnof thielrg ramd(ﬁ]rthemto(&tépo&fr& wherd the folowingd

post-test operations_.in the s | ons ST1- ST6. nacart CDis detected by
the linmt 8¢9 H@guﬂgﬁeﬁh%aﬂEﬁe‘i current teSt\qﬁa%

dD>MdxD_g
and

Cmin>D or C_max<D ..... (iii)

A decision is made in Step 319 to see whether the above inequalities
is TRUE or FALSE. If the result is TRUE, implying that the current data is
proper and that the outdoor unit EX passed the test, an OK sign is passed to .
the integration unit PC3 (Step 320). But if the decision made in Step 319 is
NO, implying that the current data is improper or "NO GOOD", an NG (NO
GOOD) sign is passed to the integration unit PC3 (Step 321) and to the
operator OP2 (Step 322).

In the next Step 3283, a decision is made whether the current data D
is to be saved so that it is incorporated in the reference data to update the
test reference ranges for the next test. The data D is saved if it falls in the
trend test reference range, that is, between the lower and the upper limits,
D_min and D_mazx, respectively, multlplled by a factor X f The reason why
the current data D is used in updating the reference data is to incorporate
the varying nature of the measurable physical quantity in the tests.

If the decision is YES in Step 323, the reference data is updated in
Step 324, which completes the procedure. If the decision is NO in the Step
323, the Step 324 is skipped.

The foregoing procedure is applied to the electric current and the



16 101), the controller retrieves fromthe AIP unit ID information
regarding the type of test (referred to as test type information) or
post-test operation that will be performed in the associated station
ST1-ST6 (Step 102). Next, various contro56data required for a particular
type of test, for exanple, a procedure to start up the-air conditioner in
accord with that type of the test, are retrieved fromthe integration unit
PC3. The control data are given to the control upit CC of the cart (Step

103). G verelrigeranhpressumduringfhechpnting madeanstte the seding modeafddsr uni t

EX  such . [ T1c ST6 0 equit e - t
oper at i ons?ngér?gyég?gfk% g%rorﬁéé%%?dlfe%gﬁsé%? gép %'%%%4@@&% ugjggst xlnga

ST1- ST6 t hpe detdrndinel®itlefdfbienceitolthe digshostic tabié shewh iaMRigatigons in the
AP unit 1D (SteﬁI1055, and at the sane tine transmts the results to the

general det er ni nkt shouldhbe @ppresiated vhathintther edample shoves herein the _
I dentification d . the,out door unjt.,EX tested. houl d be not t hat
i the. exaRBTERRARE ) 18R A O {HPTORGEN i€ GAVHBDBIAFCAL NS Bve T ¥ibact 1y
of the outdoor ugfferF¥hd RB2hBEy MRl #EicPPed for some reason, e.g. for lunch

time recess, the test line will be stopped, not instantly but only after a

stopping operation has taken place to prevent a sudden interruption of the
tests currently conducted.. Fig. 18 illustrates a test line immediately after
the test line was instructed to stop its operation, and has entered such
stopping operation. This stopping operation is initiated manually by an
operator by pushing the stop button on the control panel. When the
stopping operation is initiated, the test line is disconnected from the
assembly line with which the test line has been connected for the tests. (The

. test line is connec_ted with the assembly line at the time of its start up.) - As
~ a result, the conveyer CV of the test line ciiéulates by itself in the form of

endless conveyer.

Under such circumstances, the operators OP1, OP2, and OP3 would
have walked away from their positions, so that there will be some outdoor
units EX on the carts (such as carts "1", "2", and "3" shown in Fig. 18) not
connected at all or only partially with the respective tube/wire connectors
PDs. |

In the example shown herein, the following step is taken for
automatically circulating the carts on the endless donveyer, subséquent to
the initiation of the stopping operation.

In the circulation step, the outdoor units not connected with the
tube/wire connectors PDs will not be tested, and after a complete rotation of
the conveyor subsequent to the stopping operation, they come back to their
original positions; outdoor units that have been already tested will be

exempt from the tests; integral determination for the unit that has finished



of data obtained in sequential nmeasurenents of the electric current and the
refrigerant pressure at the | ow pressure end of the conpressor MP during a
transi ent period which begins at a tine after the start up of the heating
node, while the refrigeration capacity of27t he outdoor unit EX is determ ned
fromthe evaluation of data obtained in sequential neasurenments of the
electric current and the refrigerant pressure during another transient

peri od whi ¢ch begi pns,at anoth time after the start_ up. of, the refrjgeration
cycl e. Theﬁkﬂeﬁgﬁ 15 done many hanORerafor éh“i&' ﬁh??&hg%&e }t‘%r?i*é’é??‘i&/s
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an air condirbéteddy 40 GperatoRJo the nest d9smbly lin&X connected with a dummy

i ndoor unit DM operating in a cooling npde. A gaseous refrigerant,
conpressed in t hBig:d@shawse mpcedure carsies ot in the testgytapioaslTl andhg nhi gh
tenperature, "is liberateddromthe outl of .t.he compresso t

out oot heSioPBig ARETATI SRRAHS Rox Hiashe oGy SRR AR cdffs 'Cald'8

had been connected with the respective indoor units and the unit on the cart

5 had been under test at the test station ST1, as shown in Fig. 18. If the

test station ST1 receives a notice from the integration unit PC3 that the test
line will be stopped, the notice is detected (resulting in a decision YES in
Step 411 and initialization of the counter C to 1 in Step 412) only after the
test is completed for the current outdoor unit on the cart 5 and the next cart
4 is detected. When the counter C is queried if the counter value is equal to
or greater than 2 in Step 413, the answer is presently NO, which implies
that the detected outdoor unit 4 has been connected with the indoor unit but
not tested yet at the test station ST1. The outdoor unit EX on the cart 4is -
then tested in the test station ST1 to see if it has required insulation
resistance and pressure (Step 414). On the other hand, if the answer is YES
in the Step 413, the Step 414 is skipped.  Similarly, the Step 414 is skipped
for the carts that follow the cart 4 so long as the answer is YES in Step 413.

After the tests in Step 414, the test station ST1 waits for the next
cart to arrive (Step 415). When the test station detects the next cart, it
increments the counter C by 1 (Step 416), and queries the counter C if its
value is greater than 25 (Step 417). If the answer is NO, the procedure
returns to the Step 413 and repeats the same Steps- 413417, until the
answer becomes YES in the Step 417, when the procedure is ended.

Fig. 20 shows a procedure carried out in the test station ST2 in the
stopping operation. Referring again to Fig. 18, there are four carts "7", "6",
"5", and "4" that await the tests in the test station ST2. Of these carts, cart
7 is under test at the beginning of the stopping operation. If the test station
ST2 receives the stop instruction from the integration unit PC3, the



t he gaseous refrigerant passes through the heat exchanger MX, it is cooled
by a fan MM (Fig. 2) and condenses to liquid. The liquefied refrigerant is
passed into a capillary tube MC through a pipe PP2, and then to an indoor

heat exchanger M through another pipe PP4. In the heat exchanger M, the
refrigerant is allowed to .evaporate by absorbing heat fromthe

surroundi ngs. The evaporated gaseous refrigerant is returned to the | ow
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tes st%.%mn 872 to see if the unit may start-up properly at a low-voltage
(Step 424). On the other hand, if the answer is YES in the Step 428, the
Step 424 is skipped.

The test station ST2 then waits for the next cart to arrive (Step 425).

When the test station detects the next cart, it increments the counter C by 1
(Step 426), and queries the counter C if its value is greater than 25 (Step
427). If the answer is NO, the procedure returns to the Step 423 to repeat
the same Steps 413 717, until the answer becomes YES in Step 427, when. E
the procedure is ended. - '

Fig. 21 shows a procedure carried out in the test station ST3 in the
stopping operation. Referring again to Fig. 18, there are shown seven carts
numbered "11" through "4" having outdoor units connected with the
respective indoor units and awaiting the tests in the test station ST3. The
cart 11 is currently under test. If the test station ST3 receives the stop
instruction from the integration unit PC3, the instruction is detected after
the completion of the test for the cart 11 and the next cart 10 is detected
(resulting ina decision YES in Step .43 1), and the counter C is initialized to 1
(Step 432). The precedure advances to Step 433, where a query is made if
the value of the counter C is equal to or greater than 8. If the answer is NO,
it implies that the next outdoor unit has been connected with the associated
indoor unit but not tested yet at the test station ST3, so that the outdoor unit
EX on the cart is tested to see if it may exhibit a required heating capacity
(Step 434). On the other hand, if the answer is YES in the Step 433, the



|l ong as the | ower pressure Pl(pressure at point D) and the work-equival ent
AF of the conpressor MP renai ns unchanged. In other words, shuold any
abnornmalitiy takes place in the refrigeration cycle, at |east one of the
pressure P1 and the work-equival ent AF is changed. For exanple, if the
out put pressure of the conpressor MP isz¢owered due to sonme mal function of

the conpressor, point B wll nove dowward towards point A along the |line
BA resulting in,a chan in length of the side AF.If the capillary tube MC
is cl ogged%st‘imég*é%\éﬁllpﬁggssure P1 will decrease. 18 It should be
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the procedure is ended.

Fig. 22 shows a procedure carried out in the test station ST4 in the
stopping operation. Referring to Fig. 18, there are shown thirteen carts
numbered "16" through "4" having outdoor units connected with the
respective indoor units and awaiting the tests in the test station ST4. The
cart 16 is currently under test. If the test station ST4 receives the stop
instfuction from the integration unit PC3, the instruction is detected after
the completion of the test for the cart 16 and the next cart 15 is detected

- (resulting in a decision YES in Step 441), and the counter C is initialized to 1
(Step 442). The procedure advances to Step 443, where a query is inade if
the value of the counter C is equal to or greater than 13. If the answer is
NO, it implies that the outdoor unit EX on the cart 15 has been connected
with the associated indoor unit but not tested yet at the test station ST4, so
that the outdoor unit EX is tested to see if the unit exhibits required
refrigeration capacity (Step 444). On the other hand, if the answer is YES
in the Step 443, the Step 444 is skipped.

The test station ST4 then waits for the next cart to arrive (Step 445).

When the test sfation detects the next cart, the counter is incremented C by
1 (Step 446), and queries the counter C if its value is greater than 25 (Step
447). If the answer is NO, the procedure returns to the Step 443 to repeat
the same flow of steps until the answer becomes YES in the Step 447, when
the procedure is ended.

Fig. 23 shows a procedure carriéd out in the post-test station ST5 in

the stopping operation. There are shown in Fig. 18 fourteen carts



descri bed above, we have found fromrepeated experinents that there are

not abl e correl ati ons between the types of nmalfunction and the capacity of a
refrigeration cycle in terns of the refrigerant pressure at the

| ow- pressure end of the conpressor and tH#® el ectric power consuned therein,
as shown in Fig. 12. In this figure, "R se" and "Fall" nean rise and fal

in electric current through the conpressor or in refrigerant pressure at

the | ow pressure_epd of the compressor. It shoul d. be noted,  howsver, that
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and the el gfl bhewolid RO, it LpHOILthdt G dtBobr DR XD &irt 17 has been
connected with the associated indoor unit, but not processed yet at the
station ST5, so that the recovery process is started with the outdoor unit EX
(Step 454). On the other hand, if the answer is YES in the Step 453, the
Step 454 1s skipped.
The post-test station ST5 then waits for the next cart to arrive (Step
455). When the test stati_dn detects the next cart 16, it increments the
counter C by 1 (Step 456), and queries the- countei' C if its value is greater
than 25 (Step 457). If the answer is NO, the procedure returns to the Step
453 to repeat the same Steps 453-457 until the answer becomes YES in the
Step 457, when the procedure is ended.
Fig. 24 shows a procedure carried out in the second post-test station
ST6 in the stopping operation. There are shown in Fig. 18 seventeen carts
numbered "20" through "4" having outdoor units connected with the
respective indoor units and awaiting the processing in the station ST6. The
cart 20 is under the second refrigerant recovéry process.‘ if the station STG
receives the stop instruction from the integration unit 1’03, the instruction is
detected after the completion of the process for the cart 20 and the next cart
19 is detected (resulting in a decision YES in Step 461), and the counter C is
initialized to 1 (Step 462). The procedure advances to Step 463, where a
query is made if the value of the counter C is equal to or greater than 17. If

the answer is NO, it implies that the unit has not been processed yet at the



It is well known that the electric current through a conpressor and the
refrigerant pressure at the | ow pressure end of the conpressor of the 19
outdoor unit is greatly affected by the anbient factors such as atnospheric
pressure, and roomtenperature during a,fjest, and also by the duration of
operation. This is because the tenperature and the humdity in the testing
roomare affected by the outdoor tenperature and hum dity and ot her

climatic condjti . Threfﬁre, a single test criterion cannpt b lied
Lo the capstian SI8; go thab the peeond xpitigarant weeavery DIAGHSSIS fOne R ES | he
i nvention ey t ocC . k | '

Rt o1 | g PURgRY Suly BR(SE5 aadh " ORI othdy MG DA dblkel AYEBEMe

obt ai ned bgtep 468, uhecStepl46irskippedit s. Fig. 13 shows such an exanple of
measured val ues (which will be referred to_as reference data) obtained in

consecut i ve measkheratationc$Th thepsweils fpuahe noxtsgart b aprye(Ster dd)ent
of such oL G Pl ntify YordkeR Bhe Aewd catt, Fp cd0tmr i MAAREREET) 7]
under st ood 1bgtes UB6) Sarfk ifhéMes the chentrt Clibads vdlusiib lgrételrthaau2s (Step

467). If the answer is NO, the procedure returns to the Step 463 to repeat

the same Steps 463-467 until the answer becomes YES in the Step 467, when

the procedure is ended.

Fig. 25 shows a procedure carried out in the general determination
unit PC2 in the stopping operation. When the general determination unit
PC2 receives the stop instruction from the integration unit PC3 (resulting in
a decision YES in Step 471), the unit PC2 waits for another instruction that
the stopping operation is canceled (resulting in YES in Step 472). While the
answer is NO in the Step 472, the unit does nothing. When the answer
becomes YES in fhe Step 472, thé integration unit PC3 instructs termination
of the operation of the test line.

In summary, the invention permits the test line to undergo a
stopping operation in which the conveyer is kept running for a while even
after the test line is instrﬁcted to stop for a recess for example, thereby
carrying the carts and the outdoor units thereon to the test stations and the
post-test stations so that the tests and the post-test operations may be
completed sequentially for the outdoor units already connected with their
indoor units.- Consequently, their capaciti-es' may be’ detérmined in an
automated manner, so that the operators may leave the test line to rest.

At the end of the work for the day, the operators may push a stop
button and may go home. The test line will be automatically stopped after
the completion of the stopping operation described above. It should be
noted that all the data pertinent to the outdoor units which have been tested

or waiting for the tests on the test line have been stored in the memory



well to the lower pressure in the refrigeration cycle of the conpressor.
The value of the electric current to be evaluated in the capacity test is
referred to as current value and denoted by Sn. Sanpl e val ues that precedes
Sn are denoted by S(n-1), S(n-2), ---, 8(511-9) in the order of reverse tine.
From t hese neasurenents it is possible to set an upper and a lower limts
GX and G, respectively, of aregion (referred to as trend test reference

range) for gesti he validity o hg current val u Na: '

el v . 11 AEREeR 37 shi edfZhvsfray of ket P sk ety B iaBF B B
range, Sn iftedehfted oi5statdnBastidons the dabg WI'he tebt staticiey &6 Hobedst thde

i nproper. Such determ nation of the validity of the current val ue based on
t he ref er eoubdatat enits dhap have beesralmddy testedbefore dhe gesuamptiond anddest The

trend test reference r.ange be, defined such that.jt.is centered,at the
mean val ue Ol Ehase outdoey unitgithat bake heem conpectad With the 2ssanated 1500t

PLeec 10 aliean v el (1 0), 209 s e wlkh uhieh 1 el o
GX may be defi netPebyoxﬁéS}skille&Qn the art would recognize tha_t, in conventional
capacity tests of an outdoor unit, measurements of physical quantities such
as electric current and refrigerant pressure at the low-pressure énd of the
compressor must be started only after the transient fluctuations have-
dumped away and the refrigeration cycles has reached its steady state.
This transient period is about six minutes for a refrigeration cycle, so that a
capacity test takes a fairly long time. It should be appreciated that, in
contrast to such conventional tests, the capacity tests of the invention may
be performed even during a transient period by diagnosing the behaviors of
the outt_ioor unit in the transient period, due to the fact that the physical
quantities exhibit‘sir'xiillar diagnostic symptoms during the transient pefiod
in just the same way as in steady state condition. In the example described
and shown herein, measurement of the electric current and the refrigerant
~ pressure in a transient period is started 78 seconds after the start up of a
cooling mode and 60 seconds after the start up of a heating mode. It should
be also appreciated that the measurements are carried out on the test line
which is operably connected with an assembly line.
Although the presently preferred embodiment of the invention_has
been: described, it will be ﬁnderstood that various change may be made
within the scope of the appended claims. For example, the capacity tests of

the invention may be carried out equally well under steady state conditions.



+ Si)/2 plus (Sx - Si)/2 multiplied by K1, and the lower Iimt G by (Sx +
Si)/2 mnus (Sx - Si)/2 multiplied by KL. A test reference range for the
variation of S(n) in reference to the preceding reference data S(n-1) nmay
be al so defined by nmultiplying by a factor K2 the maxi nrum of the variations
bet ween the two successive reference dat&3S(n-1) through S(n-9). Thus, the
current data Sn nmay be tested two-fold by seeing if the data falls within
the first ferenge range and if the variation falls within the second
reference as C based on the second reference range wll be
referred to as trend test. The trend test may provide an adequate
evaluation of a tine dependent variation of a physical quantity. Fromthe

trend testy. foA trhetlwidedbr i testing’ dhle Peifdritaricel of gghaslechriesappHantd)e
capacity .of an outdoor unit EX may be determned quite well. Actual
eval uat i oncasrpmisingistepe®f data fol | ows the above general procedure. Fi g. 14

Shovs 2 P oced &\ ANGE WoMISASEREIFolE bl 1 BheVlh i FatBhom, o 1«
R T oA
observable for said appliance in said simulation operation; -
automatically measuring the value of said physical quantity during
said simulation mode operation a predetermined time after said start up of
said simulation mode operation; and
determining whether a currently measured value of said physical
quantity falls within a first reference range having preset upper and lower
limits until said number of measurements reaches a first predetermined
number, and, after said number of measurements has reached said first
: predete’rmin_ed number, whether said currently measured val_ﬁe fa.lls within |
a second reference range which is calculated from said 'predetermined.
number of consecutive measurements that precede said current

measurement.

2. The method according to claim 1, wherein measured values of said
physical quantity which were determined to be out of said reference ranges
are not counted in said predetermined numbers of consecutive

measurements. -

3. The method according to claim 1, wherein said reference range is defined
such that it is centered at the mean value of the maximum and the minimum
of said predetermined number of consecutive measurements that precede the
- current measurement and has a width which equals the difference between

said maximum and said minimum, multiplied by a correction factor.

T



incremented by 1 every tinme a test is repeated for the outdoor units of the
sane nodel (Step 201). Thus, the count stored in the counter represents the
nunber of the tests repeated. In Step 202, a query is made if the trend
test reference range nust be nodified for the outdoor unit under test. This
I S because neasured val ues often depend on34he | ength of the period of
operation prior to the neasurenent. Normally, the conveyer carrying the

d . . . _
ool ot i ok FBe iefiad Ellafin® (6 WahE 1 o HREAS SR8 SEAGE pdilFen & iHke 5
carried bydéfiged 80¥RWHat (101 cantsredl st thalsteat validwfeidgaedbtwniivedt est

stations) is substantially 21 constant. However, the conveyer sonetines
speeds up oumbepwsofiowpnsheutive ameageramaentsauthat | precedet esaidst gurwemtor

th in th ly i t. j t h iod_of. t] f
The. out dooPeGRRISBERDABAI Houdth Bieh Sapadie ReBrnuRt yRrpBBRR t8 o per

L LS S Sl
| ength of operation, as is done in Step
5. The method according to claim 1, wherein said second predetermined
reference range is defined such that it is centered at the mean value of the
maximum and the minimum of said predetermined number of consecutive
measurements that precede the current value and has a width which equals
the difference between said maximum and said minimum, multiplied by a
correction factor, and that it is centered at the latest value of said
predetermined number of consecutive measurements that precede the

current value and has a width which equals the maximum variation in said

. consecutive measurements, multiplied by a correction factor.

6. The method according to claim 2, wherein said reference range is defined
such that it is centered at the mean value of the maximum and the minimum
of said predetermined number of consecutive measurements that precede the
current measurement and has a width which equals the difference between

said maximum and said minimum, multiplied by a correction factor.

7. The method accord_ing to claim 2, wherein said reference range is defined
-such that it is centered at the latest value of said predetermined 'number. of
consecutive measurements that precede the current measurement and has a
width which equals the maximum variation in sa_lid consecutive

‘measurements, multiplied by a correction factor.

8. The method according to claim 2, wherein said second predetermined

reference range is defined such that it is centered at the mean value of the
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202. If the answer is YES in the query 202, a further query is made if the
period of heating or cooling between two successive test stations is preset
transport tinme Tl (Step 203), where Tl is set to twice the period required
for the outdoor unit to nove fromone stafd on to another, for exanple from
the test station ST2 to the test station 3, under a normal operating
condition. If the answer is YESin the Step 203, an offset value OFt is

| cul ated_i n .St 204.. The. of f set . Okt ts,th i tude that
the trend PRRHENEPCILhe THRJENR o S48 AreiptesBpnes TURbPY of SORSSRUYR f ( e

to conpens ' {gza%teic fataTel N t eAual
connecti on%ﬁsﬁﬁ.ﬁ%ﬁg% 3. %?ermgni ?Sgghg%‘&? glsaosf%gg?t%:h?ﬁi@% g?esr m ned
based on -ethe diffetertatlzetestnHaid eaxionmt dnd sayd enifimun dooiltiphied B3K aunder

. On th d, if the ar is NO.jn either the Step 202 or 203, .
£ moans. | REEROCHAREPh AP AR O 1 GRBEOTRY bt ShSbIAteRG YALARS Bbriba | o

d the st s skipoed T . yal j 5,.th S
Next, o quirsdfteriinde; fifer OF Bhbafiivel HBachionichth FHaf PrepPld I |

t he envi r oaerint!vdlas a@dshdsSh S dER Which fequlils £ wRixinY bariaticietn saih i s
made i f the environmental factors |isted bel ow have changed (Step 206). In
t he exanpl €oBsromtivesnensurepantgcmudtipliedhya corraetagn faydoroncerns if at

| east one of the three paraneters has changed: (a) the conpressor

9. A quality test line incorporated within assembly lines, for testing the
performance of a refrigeration unit which is delivered from said assembly
line and includes a compressor, a condenser, a expansion device, and an
evaporator for compressing, condensing, decompressing, and evaporatirig
said refrigerant, respectively, said quality test line comprising:

means for running each of said refrigeration units from said
assembly line in a simulation mode; _ _ | o

means for measuring at least one physical quéﬁtity observable for
said refrigeration unit a predetermined time (delay time) after said
réfrigeration unit is started in said simulation mode; and

means for determining said performance of said refrigeration unit by
first determining whether a currently measured value of said physical
quantity falls within a first reference range having preset upper and lqwer
limits until said number of measurement reaches a predetermined number,
and after said number of measurement has reached said p_rédetermined
number, whether the current value falls within a second reférence range
which is defined such that it is centered at the mean value of the maximum
and the minimum of said predetermined number of consecutive
measurements and has a first width which equals the difference between
said maximum and said minimum, multiplied by a correction factor, and,
second, determining whether the currently measured value falls within a

third reference range which is defined such that it is centered at the latest
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tenperature exceeds the preceding tenperature in excess of a predeterm ned
val ue; (b) the tenperature of a dry thernoneter in the test station exceeds
a predeterm ned value; and (c) the humidity in the test station exceeds a
pr edet er mi ned val ue. 22 \Wen the ans is YESin the Step 206, a step
of environnental factor nodification (Step 207) is initiated to

re-cal cul ate factors Ka and Kp which are used in the trend tests as

described | det ater t he ot he hand, the answer is NO,in the
Step 206, YReCPE sai badetermhisi miuber OF SBSUHITS JEPOHTeRSUARE o o
set to 1. plestede ttBS oEhif ﬂea&ﬁfexﬁ@ﬂﬁ&ﬁ& s'és& @i’dﬁﬂ‘%ﬁ’ﬁ{ egﬁalsstlﬁr eat er
than a predetermnined value, which is normally 9 tep 208). Thé val ue of

t he count emaRiimum nvariationeih tsaid ecomsetutive rhegsuvenentsf multipliedhdyday or
when the type of refrigeration unit changes during the working day. If, in
the Step 20@re¢ gﬁf@ﬁkr is No for the outdoor unit under test, a query is
made if the tests have been done for the sanme type of the outdoor units at
the test station and the test results have been stored in the integration

unit PC3 (30epTBE%pst system according to claim 9, wherein said electric appliance is
a refrigeration unit having a compressor, a condenser, a expansion device,

and an evaporator, and capable of undergoing refrigeration cycles.

11. The test system according to claim 10, wherein said means for
measuring at least one physical quantity comprises a pressure sensor for
detecting the pressure of said refrigerant at the low-pressure end of said
compressor a predetermined time after the start up of said refrigeration unit
at a low voltage, and a current measurement device for measuring the

electric current through said compressor after said predetermined time.

12. The test system according to claim 11, wherein said reference range

has preset upper and lower limits.

13. The test system according to claim 11, wherein measured data which
were determined to be out of said first reference range, and measured data
which weré determined out of said second and third reference ranges are not
counted in the calculation of said predetermined number of consecutive

measurements, respectively.
14. The test system according to claim 11, wherein said predetermined
time is determined by the speed and the distance traveled by said electric

appliance before said quality test.

15. The test system according to claim 11, wherein said refrigeration unit
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If the answer is NO, an initial value for the test reference range S
obtained fromthe integration unit PC3 for that partlcul ar__nmde .
outdoor unit EX, and initial determnation of the ¢ \? @[ép{rérsHl@éEEﬂ ep
210). If the answer is YES in the Step3209, a trend} te Rl»,:,,,_;m B ( t 211)
using the trend test reference range obtai ned fromjthg -
results and stored in the integration unit PC3, in a manner as descrlbed I n
detai | bel RuroGRIBdGif}4 f1did stvﬂé‘chsfcﬁ-%v?@&ngfsa‘i&%rﬁf‘ﬁ&ﬁeérﬁcoﬁg mofisend
test is nade (Step 208) using the reference data nmentioned previously in
connect i onamd hieafing méde, aimiwhanmhesamd tést\dystemas padviled svithh acobbbllercat i on

step (Step,207), is sho i 15. The procedure,starts with _Step 221
wher e t he foEfydtchingesa) reﬁls%tmm@sfg%m %ﬁﬁ%ﬁﬂ ting made O SoolREL EX,

dry thernmo #ﬁag ﬁgﬁ I@Q%I wg%q | i nput. The .
val ues of @%ﬁ‘é\? anhp%ivs\églr.ng norﬁ%‘l zggs q?h ﬁlﬂa%(? [, a(reespect i vely,
in Step 222. In the next Step 223, changes ch , dvyd', and dyw of the Yc',

Yd', and YW relative to the preceding values Yc, Yd, "and Yw , respectively
A test system for testing the quality of electric appliances, comprising:

-a test line having an endless conveyer which is provided with a
multiplicity of carts, a reception terminal for receiving electric appliances
from a first assembly line on which said electric appliances were assembled,
and an exit terminal for releasing said appliances to a second assembly line
after they are tested;

means for connecting said import and export terminals with said
first and second assembly lines in response to a run signal instructing the
operation of said test line;

test line initiation means for mounting each of said electric:
appliances received at said iniport terniinal onto one of said multiplicity of
carts and for circulating said carts in intermittent movements in response to
said run signal; _

a multiplicity of test stations located along said endless conveyor,
each test station adapted to carry out required tests when said appliances
are transported to said station;

regulation means for prohibiting repetition of the same test on one
electric appliance once said test has been done on said electric appliance in
said test line; ' | |

means for disconnecting said endless conveyor from said first and
second assembly lines in response to a stop signal instructing the stopping of
said test line, thereby rendering said conveyor independent in operation
from said assembly lines and circulating said electric appliances in said test
line; and |

means for stopping said test line, in response to said stop signal,

B B R | ”"""‘lii" ’"l I,eillalced




23 (hereinafter

the factors Ka and Kp (Step 225) using a prescribed neural network

operations (Step 224). The neural network operatio
set of values for the factors Ka and Kp,

and dYw .

given a sfit 'Of 'Fjr:;g‘é%s BYEN.

One way to establish the neuraP network {perat FEREASEDas f

First a functional relationship is established between a multTplicrt
given difference data and t.he set of. factqrs Ka and Eg econd H'La eat the
Fe SO 'ﬁ%&

1 1eache of faid; Jachric appliances,has.

referred to as difference data) are calculated to obtain

teld a

dyd' ,
| ows.
of

same step 40 £115
btain, f t | [ : ' K
ond ko, TRPzoudfieald Bpb Uhd| caPBECEDm TOTURIE TpeRphs tRbEmd BE 12

and Kp forreegptiobof saidystopsigrdalr ef er ence data. Figs.

.show a procedure for the trend test of the Step 212. As seen in the _
figures, the procedure starts with Step 301 where a nunberr Rm ‘i ndicative

o, 0 U e SR SR, DT A, b A, b

range, is ‘sét

whi ch i

16 and 17 al t oget her

he

procedur e ddapfedt®ceeds to the followi ng steps in sequence: Step 302 where
Trend Test Data Dg is set to 1.5; Step 303 where Max/Mn Correction Factor
H g associ at ed Wrowidehprepazationssfor fluid and electrical connections necessary

for said tests;

provide procedures to carry out said tests;

bring tested electric appliances back to their oi'ig'inal conditions
subsequent to said tests,

collect and store said results of said tests done; and

make an overall determination of said tests for each of said electrical

appliances based on said results.

18. The test system according to claim 17, wherein each of said ca_rté is

provided with an appliance information processor (AIP) unit and a controller,
said ATP unit is adapted to: store information that concerns said electric
appliance carried on said cart and is input in a monitor at said reception
terminal; retrieve said information from said AIP unit needed for the test of
said appliance, to be performed at each test station; provide said information
to said controller when said cart is detected at said test station so that said
controller may control said appliance -_based on said information; store said
results of said test; and provide said resﬁlts to a general determination unit

at said exit pf said test line.

19. The test system according to claim 18, further comprising a radio
communication system for exchanging information between said test

stations, said AIP unit, and said controller on said cart

.
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reference range to 1.2 (Step 303); Step 304 where a flag F f for a
predeterm ned Filter QOperation described belowis set; Step 305 where Lower
Limt Factor Mv, which is a factor to define the | ope s I Se he
reference range for the trend test, is s89 to 0.5 ajpeneSHEENHASEFENS (K
where a factor Xf to define the nunber of data to bg i nclrpfMgaD th
reference data, to 1.5. Wien all of the initializat st 3o =Hretgh
306 are finished in this manner, g, current, da D,, which corresponds to Sn,
is input i4D.-StEhestest syptemat aﬁpoaamgelt% él%DiﬁemﬁW Nicm uﬁeﬁgﬁfn%éfa D
and the pregedi . - . : t ' menory
(Step 308)?&3@3§@?°€ﬁ%%r%<:&nw%t@£i a Fgﬁhfli? H%E?gqlgiggle?’oérﬁfg? e‘r}g%her ence data
(Step 309) by calgehl ¢ftdand cabichas hhdndoseunitiedng tavtulsiwiesainmectiart for al ong
W th 24 the maxi mum and the m ni num of these neasurenents (Step 310).

From the riluid msechani¢adle andl electnicallys conueqting isgid 1pdeoh wmb VOSBRI i t
ot ™t e BtdoRE Bbos G2k BER SR Suf BBP Bt 1 RBLALIEEn Al Gaf1® oI oW NG

set of eq

said test line having four test stations and two post-test stations such
that said outdoor unit is tested at the first test station thereof to see if said
outdoor unit has required insulation resistance, at the second test station
thereof if said outdoor unit starts up at a low-voltage, at the third test
station thereof if said outdoor unit exhibits a normal heating operation, and
at the fourth test station if said outdoor unit exhibits satisfactory
refrigeration operation, and that at a fist one of said post-test stations the
refrigerant of said outdoor unit is recovered from said indoor unit, and at the
second one of said post-test stations said outdoor unit is stopped, -and

thereafter said tube/wire connector is disconnected from said outdoor unit..

-
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Dmn—(Xa+Na)/2-((Xa-Na)/2)ngDmax:(Xa+Na)/2+(Xa
- Na)/2) xHg .......... (1) D.mn and ‘D_max correspond .
Fig. 13, respectively. In the next Step &;2 a deci s;
Ff isset. If the flag is set, the foll ow ng operat!
nodify the D nmin and D max using the follow ng equat iles =

—(Dmn+Dmnfo)(Cf+1)Dmax—(Dmax+Dmaxfo)/(Cf+1

the trend test MERHORAND RySYMEOR TrSTINGPRRMGRVIRNGERE . oi ng
calculation. A quantity Cf i SERECIRICAPELRANERSr to nodify D mn' and

Dmax' to D.mn and D nax, respectively. This nodification (ii) is called
Filter Operation. A default value of Cf may be arbitrary chosen, which is 2

inthis e shoul d be noted that, when the flag F_f has not been
set (resulmg‘w‘tlo I'n Step 312), St ep 313 is skipped. In St ep 314, a

deci sion i srégﬂﬁ e gl Ier.
t han t he L%Wer ?, imE alclfcg#ﬁﬁ/v%%%?aeﬁ Hﬁ?fca{ﬁtﬁé % glé%ﬂg cg e(?::u gt ed
| ower .and amliEmce I1matam).f1at1bn ma@mdndméasu?im eﬂleast angphyEicai quantityp nex,

respectlvely, are clanped qr nodified such that the w dth t.he treend test
r ef er ence qtsagable fomhe appliancerapssating an fhesimulation mode. The mventive -

method includes: a step of automatically measuring the physical quantity
during the simulation mode operation after a predetermined time elapsed
subsequent to the start up of the operation; and a step of determining
whether a currently measured value of the physical quantity falls within a
first reference range having preset upper and lower limits until the number
of measurement reaches a first predetermined number, and, after the
number of measurement has reached said first predetermined number,
. whether the currently measured value falls within a second reference range
which is calculated from the 'predef.,erm-ined number of consecutive
measurements that precede the current measurement. Since the test line is
incorporated within assembly lines, the production efficiency of the lines is

improved.

Figure 14
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val ues (Step 315). However, if the decision is No in Step 314, Step 315 is
25 ski pped. The procedure then proceeds to Step 316, where the m ni nrum and
the maximum D _mn and D _max, respectively, are multiplied by respective
factors, Ka and Kp, and to the next Step 317 where the | ower and the upper
limts, D mn and Drax, respectively, are further nodified by addition of
of fset value OFt to each of them and fyppher to Step 318 where the
following set of inequalities is applied to the current test data. dD > M

x Dgand Cmn>D or Cmx<D ........ 0. (iii) Adecision is made in
Step 319 to see whether the above ipequdki ties—is TR or FALSE. If the
result is TRUE, inplying that the c -,e;ag. ; and that the
outdoor unit EX passed the test, an Q ﬁ’ 455 he integration
unit PC3 (Step 320). But if the deci/fi o X\§da—i§ 5"

NOWLE A

i s-NO, inplying
that the current data is inproper o S
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G00D) sign is passed to the integration unit PC3 (Step 321) and to the .
operator OP2 (Step 322). In the next Step 323, a decision is nmade whet her
the current data Dis to be saved so that it is incorporated in the
reference data to update the test reference ranges for the next test. The
data Dis saved if it falls in the trend test reference range, that is,
between the | ower and the upper limts,npRa@w n and Drax, respectively,
multiplied by a factor Xf. The reason mﬁ?Q?Le current data Dis used in
updating the reference data is to incorporate the varying nature of the
measur abl e physical quantity in the tests. If the decisionis YESin Step
323, the reference data is updated in Step 324, which conpletes the
procedure. If the decisionis NOin the Step 323, the Step 324 is skipped.
The .foregoing procedure is applied to the electric current and the 26 :
refrigerant. pressure during the heating node and to the. cooli.ng node of the
outdoor unit EX. Fromthese results, the capacity of the outdoor units may
be determ ned, Wyt -ref-erence—to-+he-eiagnestic—t-able-shown- Ln-Eg—12.,
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It should be appreciated that in the exanple shown herein the current data-
Dis evaluated properly if environnmental factors have changed. \Wen the
assenbly line is stopped for sonme reason, e.g. for lunch tinme recess, the
test line will be stopped, not instantly but only after a stopping
operation has taken place to prevent'61izﬂgen interruption of the tests
currently conducted.. Fig. 18 illustrat test line inmediately after the
test line was instructed to stop its operation, and has entered such

st oppi ng operation. This stopping operation is initiated manually by an
operator by pushing the stop button on the control ‘panel. \Wen the stopping
operation is initiated, the test |E§ii di sconnected fromthe assenbly
line with which the test line has b nnected for the tests. (The test
line is connected with the assenbly line at gppe tinme of its start up.) As a
~result, the conveyer CV of the st line cirgulates by itself in the form
of endl ess conveyer. Under such'g¢ircunstance t he operators CPl oP2, and

OP3 woul d have wal k¢gO—away—fTomr e pUblLluua, so—ttat—t-here—yi | | be some
out door units EX on]the carts (s&ch as carts "1", "2", and "3" ghown in
Fig. 18) not connecffed_at all or/only partially mﬁth t he -%ﬁg
tube/w re connectorg H In the eqanpl e shown herein, t ) step
is taken for fﬁL’\'EEj
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automatically circulating the carts on the endl ess conveyer, subsequent. to-
the initiation of the stopping operation. In the circulation step, the
outdoor units not connected with the tube/wire connectors PDs will not be
tested, and after a conplete rotation of the conveyor subsequent to the

st oppi ng operation, they cone backixat*y%é original positions; outdoor
units that have been already tested wl exenpt fromthe tests; integral
determnation for the unit that has finished 27 the tests is done
manual |y by an operator only after the Iine has resunmed its operation; and
outdoor units that have passed the tests are individually directed by an
operator to the next assenbly line. Fig. 19 shows a procedure carried out
in the test station STl in the stopping operation. Suppose now that the
out.door units on-the carts 4 and 5 had been connected with the respective

i ndoor units and the unit on the cart 5 had been under test at the test .
station ST1, as shown in Fig. Fﬁl‘éf he test station STl receives a notice

fromthe integration unit PC3 test line will be stopped, the
notice is detected (resulting in a-decisionllgs in SD
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Step 411 and initialization of the counter Cto 1 in Step 412) only after
the test is conpleted for the current outdoor unit on the cart 5 and the
next cart 4 is detected. Wien the counter Cis queried if the counter val ue
is equal to or greater than 2 in Step 413, the answer is presently NO
which inplies that the detected outdoor unit 4 has been connected with the
i ndoor unit but not tested yet at theﬁg station ST1l. The outdoor 'unit EX
on the cart 4 is then tested in the t tation ST1 tg.see if it has

requi red insul ation resistance and pressure (Step 414) .E0On the ot her hand,
if the answer is YES in the Step 413, the Step 414 is s%pped. Simlarly,
the Step 414 is skipped for the carts that c@'t 4 so long as the
answer is YES in Step 413. After the testsi pITLD X he test station
ST1 waits for .the next cart to arrive (.Stef ahe test station

detects the next cart, it mcrerren@%e'cc = C%ﬁ Step .416), and
queries the counter le it I's dreat ﬂ] ep 417). If the
answer is NO the procedure to |t he repeats t he sane
Steps 413-417, until the anpwg? e oney YE® pn the tcepo417 when t he
procedure is ended. Fi 20 Sh‘OVB ce e carriéd out in the test
station ST2 in the stopgl ngl o tlon. eferring again 4o Fig. 18, there
are four carts "7", "6", "5} 14" tlhat await the teEs in the test
station ST2. O these carts % i s junder_test % th&begi-nni ng of the
stopping operation. If the rest—station Zl =0
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ST2 receives the stop instruction fromthe integration unit PC3, the 28
I nstruction is detected after the conpletion of the test for the cart 7 and
the cart 6 is detected (resulting in a decision YES in Step 421). The
counter Cis then initialized to 1 (Step 422). In Step 423, the counter C
Is queried if the counter value is equal or greater than 4. |If the
answer is NO it inplies that the refriéz' t tubes and electric wires are
connected with the associated i ndoor unit and that the outdoor unit has not
been tested yet at the test station ST2. The outdoor unit EX on the cart is
then tested at the test station fienos}e if the unit ‘may start-up '
properly at a | owvoltage (Step 424)*Of the &Sar hand, if the answer is
YES in the Step 423, the Step 424 is skipped. the test station ST2 then
waits for the next cart to arrive-(Step 425 —Wmremthe test station detects
the next.cart, it increnents the counter C{HylMITs}ep 426); and queries the.
counter Cif its valjue is greater than 25 (SWHICGHY). |f the answer is NO
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the procedure is ended. Fig. 21 shows a procedure carried out in the test
station ST3 in the stopping operation. Referring again to Fig. 18, there
are shown seven carts nunbered "11" through "4" having outdoor units
connected with the respective indoor units and awaiting the tests in the
test station ST3. The cart 11 is currenﬁhy nder test. If the test station
ST3 receives the stop instruction fromt ezé%tegration unit PC3, the
instruction is detected after the conpletion of the test for the cart 11
and the next cart 10 is detected (resulting in a decision YES in Step 431),
and the counter Cis initialized to 1 (Step 432). The procedure advances -
to Step 433, where a query is made if the value -of the counter Cis equal
to or greater than 8. If the answer is NO it inplies that the next outdoor
unit has been connected with the. associated i.ndoor unit but not tested yet
at the test station ST3, so that the t&ﬁor unit EX on the cart - is tested
to see if it may exhibit a required dgat gSlapacity (Step 434). On the
other hand, if the answer is YES in the Step 433, the 29 Step 434 is

ski pped.
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INFORM THE CONTROL UNIT | 454
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The test station ST3 then waits for the next cart to arrive (Step 435)..
When the test station detects the next cart, the counter Cis increnented
by 1 (Step 436), -and queries the counter Cif its value is greater than 25
(Step 437). If the answer is NO,. the procedure returns to the Step 433 to
repeat the same Steps 433-437 until the_answer beconmes YES in the Step 437,
when the procedure is ended. Fig. 22 sh8vR2 procedure carried out in the
test station ST4 in the stopping operation. Referring to Fig. 18, there are
shown thirteen carts nunbered "16" through "4" having outdoor units _
connected with the respective indoor units and awaiting the tests in the
test station ST4. The cart 16 is currently under test. If the test station
ST4 receives the stop instruction fromthe integration unit PC3, the
instruction is detected after the co__rrpIFEtligm ﬂfg he test for the cart 16
~and. the next cart 15 is detected (resulfti®ny' i decision YES in Step 441),

- and the counter Cis initialized to 1 (Step 442). e procedure advances to
Step 443, where a query is madPPff the v counter Cis equal to
or greater than 13. If the answer i YARS igsathat the outdoor unit
EX on the cart 15 has been cot = hCOMP . a5 rateri ndoor unit but
not tested yet at the test ton ST4, \so that/the outdqo-PRREt EX is
tested to see if the ugxt ex hi itE r equi rigerati g capacity (Step
444). On the ot her han# 7T t swer is YES
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in the Step 443, the Step 444 is skipped. The test station ST4 then waits -
for the next cart to arrive (Step 445). Wen the test station detects the
next cart, the counter is increnented C by 1 (Step 446)—and gueries the.
counter Cif its value is greater than 25 (Step 447). fm;gegms BeeNNG
the procedure returns to the Step 443 to repeat the L f | ogepf AGESP

until the answer becones YES in the St eg/éél when t he berocedure—-s—endes
Fig. 23 shows a procedure carried out i e post-test station ST5 in the

st oppi ng operation. In Fig 18 fourteen carts 3
nunbered "17" through havi ng outdoor units connected wthche
respective indoor unifs and awaiting the processing in the sta&ion T5. The
cart 17 is under refr|gerant recovery process. |f the test stgLion $T5
receives the stop insjructfjon fromthe integration unit PC3, . {&e ) _
i nstruction-is detect adggfte:s-the conpl etion of the process f thefjcart 17
and the next cart 16 |s eteﬁjed (resulting in a decision YESl_i_n St ¢p 451),
and the counter Cis |nghijpl>zed to 1 (Step 452). The yrocedur<€ advgnces to
Step 453, where a 2 @ = w
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query is made if the value of the counter Cis equal to or greater than 14.
If the answer is NO it inplies that the outdoor unit EX on the cart 17 has
been connected with the associated i ndoor unit, but not processed yet at
the station ST5, so that the recovery process is started with the outdoor
unit EX (Step 454). On the other hand, if the answer is YES in the Step
453, the Step 454 is skipped. The posﬂ(LG%Z station ST5 then waits for the
next cart to arrive (Step 455). Wien the test station detects the next cart
16, it increnments the counter C by 1 (Step 456), and queries the counter C
if its value is greater than 25 (Step 457). If the answer is NO, the
procedure returns to the Step 453 to repeat the sanme Steps 453-457 until
t he answer becones YES in the Step 457, when the procedure is ended. Fig.
24 shows a procedure carried out in the second post-test station-ST6 in the.
stoppi'ng operati on. .There .are - shown.in Fig. 18 seventeen carts numnbered
"20" through "4" having outdoor units connected.with the respective indoor
units and awaiting the processing iE:!Zg s’%Bion ST6. The cart 20 is under
the second refrigerant recovery prote$s<+l| he station ST6 receives the
stop instruction fromthe integration unit PC3, the instruction is detected
after the conpletion of the process for the cart 20 and the next cart 19 is
detected (resulting in a decision YES in Step 46%), and the counter Cis
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initialized to 1 (Step 462). The procedure advances to Step 463, where.a
query is made if the value of the counter Cis equal to or greater than 17. .
If the answer is NO, it inplies that the unit has not been processed yet at
t he 31 station ST6, so that the second refrigerant recovery process is
done for the outdoor unit EX (Step 464L. On the other hand, if the answer :
Is YES in the Step 463, the Step 464 i 1522pped. The station ST6 then waits
for the next cart to rlsj €P\465). Wien the test station detects the
next cart, the count er(C A crgent ed by 1 (Step FE‘)@ aildqueries the
counter Cif its value is grleater than 25 (Step 467). IT the answer is NO
3 fepeat the sanme Steps 463-467
@467, when the procedure is ended.
'@?the-general determ nati-on unit PC2
cheral determ nation unit PC2 receives
. _unit PC3 (resulting in a decision

_Fig. 25 shows . a procedure cd

in the stopgxng oper atior. o
the stop i'n@br S+70n [T $}¥8§{“
YES in Steg 47T i !

. YES
SHIFT THE TREND TEST W”“

REFERENGE RANGE FOR TIME-OVER

pea ittt r——-
—y

205

ENVIRONMENTAL
FACTORS AFFECT ?

YES

ENVIRONMENTAL ~
FACTORS |S CHANGED?

SHIFT THE TREND TEST REFERENCE
RANGE BASED ON THE CHANGED 207
ENVIRONMENTAL FACTORS

208

XC ?
/
YES

——

T > NO

209

—PREGED ING~_ NO
DATA EXIST?_~

YES

TREND TEST PROCEDURE

TREND TEST BASED ON
212 PRECEDING DATA 2;0
| | ) INITIAL *
211 DETERMINAT 10N
OF THE PERFORMANCE

<— . :

Cao )




the stopping operation is canceled (resulting in YES in Step 472). Wile
the answer is NOin the Step 472, the unit does nothing. Wen the answer
becomes YES in the Step 472, the integration unit PC3-instructs term nation
of the operation of the test line. In summary, the invention permts the
test line to undergo a stopping operation in which the conveyer is kept
running for a while even after the teqt2/99e is instructed to stop for a
recess for exanple, thereby carrying the carts and the outdoor units .
thereon to the test stations and the post-test stations so that the tests
and the post-test operations may be conpleted sequentially for the outdoor
units al ready connected with their indoor units. Consequently, their
capacities nay be deternmned in an 4EHqGEt3Q§hanner, so that the operators
may | eave the test line to rest. At “tHe¥end.Of the work for the day, the
- operators may push a stop button .and may go home. The test |ine wll be
automatically stopped after the conpletion of the stopping operation

descri bed above. It should be noted that all the data pertinent to the

out door units which have been te ~ ng for the tests on the test.
| i ne have been stored in the nenpry START '
| |

INPUTTING Yo, Yd,
AND Yw ~221

[
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32 devices of the test system so that the test line may i nmediately resune
the interrupted operation based on the data. The test stations do not test
t he outdoor units that have been already tested before the resunption, and
test only those outdoor -units that have been connected with the associ ated
I ndoor units after the resunption. Persons skilled in the art would
recogni ze that, in conventional capacig? ts of an outdoor unit,

measur enents of physical quantities su el ectric current and
refrigerant pressure at the | ow pressyre_e e conpressor nust be
started only after the transient fl uft JREND'STE8Te\dunped away and the
refrigeration cycles has reached its s..qq BBREe his transient period is
about six mnutes for a refrigeration~ey at a capacity test takes

a fairly long ti d be appreci d-gnat, Tnc rast to such
convent i onal tes{'TF-ItGe a city teg-t-s—e-faﬂtﬁh-e—r-mﬁeﬁibl onsggy be performed

even during a transfent'period by dlagnt in 92 of 'the outdoor

unit in the transient period, due t = he physi cal quantities

exhibit simlar diagnostic synptons aur ygy L. 2ranngn riod in just the

sane way as in steady state conditi Gfr—a== e described and shown

herein, measurenent of the electric[CUrg 1a tne |r ef erant pressure in
<=

a transient period is started 78 se "h“Eg'E*?“ =R tar?U@b of a
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cool ing node and 60 seconds after the start up of a heating node. It should
be al so appreciated that the neasurenents are carried out on the test |ine
which is operably connected with an assenbly line. Although the presently
preferred enbodi nent of the invention has been described, it will be
under stood that various change may be nmade wthin the scope of the appended -
clainms. For exanple, the capacity testﬁ%szthe I nventi.on may be carried out
equal ly well under steady state condit 33 What is clainmed is: 1. A
met hod for testing the performance of an electric appliance, conprising
steps of: providing wthin assenbly lines a test |ine capable of operating
said appliance in a sinmulation node and nmeasuring ag=| t Joge physi cal
quantity observable for sai[d;gApl i ance in said sinmulation operation;
automati cal |y nmeasuring thayglue of said physical quantity during said
si mul ati on node operation a -redetern1Q§?'the.after said start up of sai-d
si mul ati on node operati gp—=2 4 '
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determ ni ng whether a currently neasured val ue of said physical quantity
falls within a first reference range having preset upper and lower limts
until said nunber of nmeasurenents reaches a first predeterm ned nunber,
and, after said nunber of neasurenents has reached said first predeternlned
nunber whet her said currently nmeasured value falls within a second
reference range which is calcul ated frig@22i d predeterni ned nunber of
consecutive neasurenents that precede said current nmeasurenent. 2. The
met hod according to claim1, wherein neasured val ues of said physical
gquantity which were determned to be out of said reference ranges are not
counted in said predeterm ned nunbers of consecutlve nmeasurenents. 3. The
nmet hod according to claim1, wherein said range i s defined such
that it is centered at the nean val ue g#¥ i mMs®pd t he m ni num of
sai d predeterm ned nunber of consecut) Qat precede the
current ‘neasurenent and has a wi'dth g \-E'olf erence between

said nmaxi mum and said mnimum multiplied tion\factor.
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34 4. The nethod according to claim1l1, wherein said second reference range
is defined such that it is centered at the |atest value of said

pr edet er mi ned nunber of consecutive neasurenents that precede said current
measur enent and has a width which equals the maxi mumvariation in said
.consecutive nmeasurenments, nmultiplied by a correction factor. 5. The net hod
according to claim1, wherein said seqg/tpredeternined reference range is
defined such that it is centered at the nean val ue of the nmaxi mum and the
m ni mrum of said predeterm ned nunber of consecutive neasurenents that
precede the current value and has a w dth which equals the difference

bet ween said maxi nrum and said mninum rnultiplied by a correction factor,
and that it is centered at the Iategrl‘aluj f said predeterm ned nunber of
consecutive measurenents that precede®tYe rent value and has a.-width
whi ch equal s the 'maxi mumvariation in said consecutive nmeasurenents,
multiplied by a correction factor. 6. The nethod according to claim 2,
wherein said reference range is defined such that it is centered at the
mean val ue of the maxi num and the m ni num of said predeterm ned nunber of
consecuti ve nmeasurenents .that precg® ent neasurenent and has a
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7. The nmethod according to claim2, wherein said reference range is defined
such that it is centered at the | atest val ue of said predeterm ned nunber
of consecutive neasurenments that precede the current neasurenent and has a
wi dt h whi ch equal s the maxi mumvariation in said consecutive neasurenents,
multiplied by a correction factor. 8. The nethod according to claim 2,
wherei n said second predeterm ned refeigggﬁ%;ange is defined such that it
is centered at the mean val ue of the xi mum and the m ni mrum of said
predet er mi ned nunber of consecutive neasurenents that precede the current
val ue and has a width which equals the difference between said nmaxi nrum and
said minimum nultiplied by a correction factor, and that it is centered at
the | atest value of the predeterm ne?rlﬁbezﬁf consecuti ve measurements
that precede the current value and h&asiadwi &W whi.ch equal s t he maxi mum .
variation-in .said consecutive neasurenents, nultiplied by a correction
factor. 9. A quality test line incorporated within assenbly lines, for
testing the performance of ‘a refrigeration unit which is delivered from

sai d assenbly
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line and includes a conpressor, a condenser, a expansion device, and an
evaporator for conpressing, condensing, deconpressing, and evaporating said
refrigerant, respectively said quality test |ine conprising:. means for
runni ng each of said refrigeration units fromsaid assenbly line in a

si mul ati'on node: neans for neasuring at |east one physical quantity
observabl e for said refrigeration unit determ ned tine (delay tine)
after said refrigeration unit is starté@llpéfsai d sinul ati on node; and neans
for determning said performance .of .said refrigeration unit by first
determ ni ng whether a currently neasured val ue of said:-physical quantity
falls within a first reference range having preset upper and lower limts
until said nunber of neasurenent reajg Sl det erm ned nunber, and after
sai d nunber of measurenent has reach Tia,digiedeternined'nunber, whet her
the current value falls within a second reference range which is defined -
such that it is centered at the nean value of the maxi numand the m ni num
of said predeterm ned nunber of consecutive neasurenents and has a first
wi dt h which equals the difference between said nmaxi mum and said m ni num

mul tiplied by a correction factor, det erm ni ng whet her the
currently neasured value falls wt naaét&rd ref erence range which is
defined such that it is centered at\ the est
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36 val ue of said predeterm ned nunber of consecutive neasurenents that .
precede the current nmeasurenent and has a second wi dth which equals the
maxi mum variation in said consecutive neasurenents, multiplied by a
correction factor. 10. The test system according to claim9, wherein said
el ectric appliance is a refrigeration unit having a conpressor, a
condenser, a expansion device, and an rator, and capabl e of under goi ng
refrigeration cycles. 11. The test sygggﬁggccording to claim10, wherein
said neans for neasuring at |east one physical quantity conprises a
pressure sensor for detecting the pressure of said refrigerant at the

| ow- pressure end of said conpressor a predetermned tine after the start up
of said refrigeration unit at a IomeﬂQS?giuzgnd a current neasurenent
devi ce f.or neasuring the electric cdr . -ough said conpressor after
said predeternmined tine. 12. The test systemaccording to claim1l, wherein
'said reference range has preset upper and lower linmts.” 13. The test system
according to claim 11, wherein neasured data which
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were determned to be out of said first reference range, and neasured data
whi ch were determ ned out of said second and third reference ranges are not
counted in the calcul ation of said predeterm ned nunber of consecutive
measurenents, respectively. 14.. The test systemaccording to claim 11,
wherein said predetermned tinme is determ ned by the speed and the distance’
travel ed by said electric appliance bgnyzzsald quality test. 15. The test
system according to claim11l, wherein said refrigeration unit 37 is
provided with a fluid switch for switching said unit between cooling node
and heating node, and wherein said test systemis provided with a

controller for switching said refrigeration unit fromsaid heating node to

said cooling node after a predeternl e of operation in said heatlng
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when each of said electric appliances has nmade a conplete circulation -
through said test line, starting fromthe position |located at the tine of
reception of said stop signal. 17. The test system according to claim 16,
wherein said test systemis adapted to: provide preparations for fluid and
el ectrical connections necessary for said tests; provide procedures to
carry out said tests; bring tested elSFE/22 appl i ances back to their
original conditions subsequent to said tests, collect and store said
results of said tests done; and nmake an overall determ nation of said tests
for each of said electrical appliances based on said results. 18. The test
system according to claim17, wherein each of said carts is provided with
an appliance information processor gaqqaauﬂgg_and a controller, said AP
unit is adapted to: store.information't¥at&cdncerns said electric appliance
-carried on said cart and is input in a nonitor at said reception term nal;
retrieve said information fromsaid AIP unit needed for the test of said
appliance, to be perforned at each test station; provide said infornmation
to said controller when said cart is detected at said test station so that
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controll er may control said appliance based on said information; store said
results of said test; and provide said results to a general determ nation
unit at said exit of said test line. 19. The test.system according to claim
18, further conprising a radi o conmuni cation system for exchangi ng
information between said test stations, said AIP unit, and said controller
on said cart This Sheet Has Been Replaggy 39 20. The test system
according to claim 19, wherein said t g?ne is adapted for testing an
outdoor unit of an air conditioner, and wherein each of said cart has an

i ndoor unit having a tube/w re connector for fluid mechanically and
electrically connecting said indoor unit with said outdoor door unit when
said outdoor unit is nounted on saidEpiug; -d test |ine having four test
stations and two post-test - stations $u t h sai d outdoor unit is tested
at the first test station thereof to see if said outdoor unit has required
i nsul ation resistance, at the second test station thereof if said outdoor
unit starts up at a lowvoltage, at the third test
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station thereof if said outdoor unit exhibits a nor
and at the fourth test station if said outdoor unit
refrigeration operation, and that at a fist one of s
the refrigerant of said outdoor unit is recovered fr
and at the second one of said post-test stations sai
stopped, and thereafter said tube/wre gyaﬂector IS
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37 .

is provided with a fluid switch for switching said unit between cooling mode
and heating mode, and wherein said test system is provided with a controller
for switching said refrigeration unit from said heating mode to said cooling

mode after a predetermined period of operation in said heating mode.
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ELECTRIC APPLIANCES
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ABSTRACT

Assembly lines incorporates an test line capable of operating electric
appliance in a simulation mode and measuring at least one physical quantity
observable for the appliance operating in the simulation mode. The inventive
method includes: a step of automatically measuring the physical quantity
during the simulation mode operation after a predetermined time elapsed
subsequent to the start up of the operation; and a step of determining
whether a currently measured value of the physical quantity falls within a
- first reference range having preset upper and lower limits until the number
of measurement reaches a first predetermined number, and, after the
number of measurement has reached said first predetermined number,
whether the currently measured value falls within a second reference range
which is calculated from the bredetermined number of consecutive
measurements that precede the current measurement. Since the test line is

incorporated within assembly lines, the production efficiency of the lines is
improved.

Figure 14
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