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METHOD AND SYSTEM FOR TESTING PERFORMANCE OF 

ELECTRIC APPLIANCES 

FIELD OF THE INVENTION 

110 3to'1 .. J 

/fJl:J 5 s 
c,opq. 

The invention relate.s to ~ method and ~n apparatus for determining 

the performance or qualio/ of assembled electric appliances before they are 

completely assembled in assembly lines. 

BACKGROUND OF THE INVENTION 

Most commonly, electric appliances such as air conditioners are first 

assembled in assembly 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 cannot stand by until the air conditioner reaches the steady state on 

the assembly lines. 

These tests 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 

r~cesses, for example, a~d occasional troubles. 

· Therefore; it has been difficult to incorporate ·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 
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for carrying out the above mentioned method for testing electric applianc~s. 

SUMMARY OF THE INVENTION· 

. To this end, in accordance . with the invention, there is provided a 
. . 

method for evaluating the performance of an electric appliance, comprising 

steps of: providing within assembly lines a t~st 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 

predeterm~ned · number, and, after the number of the measureme~t .has 

reached the first predetermined number, whether the currently measured 

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 

interrupting assembly lines, thereby improving its production efficiency. 

· It would be appreciated that the reliability of .the test may be 

improved by not oounting 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 reference 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 
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equals the difference between the maximum and the minimum, multiplied 

by a correction factor. Alternatively, the second predetermined reference 

range may be defined such that it is centered at latest value of the second 

predetermined number of consecutive . measurements that precede the 

current measurement and has a width which equals the maximum variation 

in the consecutive measurements, multiplied by a correction factor. 

Obviously, the reliability of the test may be further 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 applianee 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 reached the first predetermined 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 
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that it is centered at the latest value of the second predetermined number of 

consecutive measurements that precede the current measurement and has a 

width· which equals the maximum variation in the consecutive 

. measu_rements, multiplied by a correction factor .. 

An example of such electric appliances is a cooling/refrigeration unit 

(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· compressor. Thus, 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 from 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 



5 

for the test .. 

In another aspect of the invention, there is provided a test system for 

testing the quality of electric appliances, comprising: 

a test line having an endleE:;s conveyer which is provided. with a 

multipliCity of carts, a reception terminal for receiving electric appliances 

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 multiplicity ·of test" stations located along the endless conveyor, 

each test station adapted to carry out required tests when the appliances 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 stopping of 

·the test line, thereby rendering 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 m 
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assembly lines so that these lines may run and stop together and may 

greatly shorten shipping time for the electric appliances. 

The tests to be performed in the test stations may include 

preparatiOns for fluid and electric connections involved in the tests by means 

of tubes and wires; procedures to carry out the tests; steps to bring the tested 

electric appliance back to its original condition after the tests, collecting and 

storing the results of the tests, and making an overall determination of the 

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 

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

control the appliance based on the informatiOn; 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 All,> 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 
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is tested to see if the unit: has required insulation resistance, at the first test 

station; may start up at a low voltage at the second test station; may operate 

in a normal heating mode at the third test station; and operate in a normal 

· cooling mode at the 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 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 system embodying the invention 

used in conjunc~ion with an air conditioner. 

Fig. 2 ·is · a ·block diagram representation showing 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 

STl through ST4. 

Fig. 8 is a block diagram showing the basic structure of post-test 

stations ST5 and ST6. 



8 

Fig. 9 is a flowchart illustrating data processing procedure· for a 

typical test conducted in the test station. 

Fig. 10 is a block diagram showing the basic structure of a 

refrigeration unit with its outdoor unit connected with. a dummy indoor unit 

and operating in a cooling mode. 

Fig. 11 is a Mollier diagram of the outdoor unit which is connected 

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. 

Fig. 15 is a flowchart illustrating a reference shifting procedlire 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 

STl immediately after the test line is put in the stopping operation. 

~ig. 20 is ~ flowchart showing the steps carried out in the test station 
. . . 

ST2 immediately after the test line is put in the stopping 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. 23 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. 
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Fig. 24 is a flowchart showing the steps carried out in the post-test 

station ST6 immediately after the test line is put in the stopping operation. 

Fig. 25 is a flowchart showing the steps carried out in a general 

.determination unit immediately after the test line is put in the stopping 

operation. 

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 pause. 

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 unit 

installed on the cart . using a tube/wire connector PD. The tube/wire 

connector PD is designed to provide fluid connection and electric 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 
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compressor MP, a four-way valve MF, an outdoor heat exchanger MX, a fan 

MM, a capillary tube MC, a modulator/strainer MD, manual valves MVl and 

MV2, an accumulator MA, and a control unit MD. 

The indoor unit DM includes an indoor heat exchanger Ml, a cross 

flow fan MK, and a controller MS. 

The tube/wire connector PD includes: a manual valve NVl and a 

large-diameter tube PMl for connecting the EC of the indoor heat exchanger 

MI with the manual valve MVl; 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 

unitDM. 

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 OPl in the test line, tl).e operator OPl connects· the outdoor unit EX 
. . 

with the tubes PMl and PM2 of the tube/wire connector PD which have been 

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 STl 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 !Ow-voltage, in which the outdoor 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 
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~fter the start up by measuring the electric current through the compressor 

MP (which is indicative of electric power consumption by the compressor MP) 

and the refrigerant pressure at the low-pressure end of the compressor MP. 

Subse·quent to the heating capacity test, a four-way valve MF is switched for 

a cooling mode of the outdoor unit EX. This switching of the operational 

mode of the unit from the heating mode to the cooling mode may be done 

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 

CV to a post-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 indoor 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 post-test station ST6 where a second refrigerant 
. . . . 

recovery procedure is initiated to finish the pumping down of the refrigerant. 

At the end of the second refrigerant recovery procedure, the machine shuts 

the large-diameter tube PMl, 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 OP2 makes a general determination, after 

which the cart CD is further moved by one step by the conveyer CV to a third 

operator OP3, who disconnects the tube/wire connector PD from the outdoor 



12 

unit EX. 

The cart CD then proceeds two more steps to the exit port of the 

conveyor CV, where the outdoor unit EX is dismounted from the cart CD 

together with the palette, and carried. away to a subsequent assembly line. 

It is worth while to note that a monitor PCl (referred to as object 

monitor) is provided in the neighborhood of the operator OPl to indicate to 

the operator OPl 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 

res:ults to be indicated on the general determination unit PC2 have been also . 

stored in the AIP unit ID. 

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 AIP 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 
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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 determinations made are written in the AIP unit ID 
. . 

by the test stations ST2, ST3, and ST6, while the other data are stored in the 

memory MMa when the outdoor unit EX is mounted on the palette PL. 

The AIP unit ID is also provided with a wireless communication 

system IOa 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 

informati~n, ·via an antenna AT (Fig. 3). It is noted that the stations ST1-

ST6 are adapted to instruct the controller CCb. to undertake. necessary 

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 u~t 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 SW a and· 
. . . . 

three power lines Ll; L2, and L3 connected with the tube/wire 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 Yolts 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 Ll, L2, and L3. 
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An interface circuit !Fa connected with the controller CCb is 

provided for exchanging data with the associated outdoor unit EX. The 

interface circuit !Fa is connected with the power lines Ll and L2 via a switch 

SWb so that the controller CCb niay exchange information with the outdoor 

unit EX only when the switch SWb is closed. 

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 monitor PCl, 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 STl- ST6, the object monitor PCl, 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 PCl, the general determination unit PC2J the integration unit PC3 

and the operation monitor PC4, since they are connected· 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 1/0 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 
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installed in a product quality control room, for example, where a manager 

may easily access the stored information for controlling the stations ST1-ST6, 

the object monitor PCl and the general determination unit PC2. 

. Referring now· to Fig. 7' there is shown _a· basic structure of the test 

station STl. · However, it should be understood that the test stations ST1-

ST4 are of the same structure, so that what is described below on the test 

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

and description for them will not be repeated. The test station STl 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 STl with the wireless communication system WRa of the control unit 

CC of the cart CD. 

A wireless communication system !Ob may exchange various data 

with the wireless communication system IOa of the AIP unit iD as required. 

Referring to Fig. 8, there is shown aii exemplary post-test station 

that may be used as any one of the stations ST5 and ST6. A controller CCd 

controls the post-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 AIP unit ID. A machine RB for collecting 

refrigerant may recover, 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 by the limit switches LSa and LSb. (Step 
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101), the controller retrieves from the 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 control data required for a particular type of test, for 

example, a procedure to start up the air conditioner in accord with that type 

of the test, are retrieved from the integration unit PC3. The control data 

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. 

lt 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 

which begins at another time after the start up of the refrigeration cycle. 
. . . 

The principles lying behind the determinations of the heating/ 

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 
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high pressure and high temperature, is liberated from the outlet of the 

compressor MP to the outdoor heat exchanger MX through a pipes PPl. As 

the 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 MI through another pipe 

PP4. In the heat exchanger Ml, 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 refrigerant undergoes 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 p~essure Pl(pressure at point D) and the work-equivalent 

AF of the compressor MP remains unchanged. In other words, shuold any 

abnormalitiy takes place in the refrigeration cycle, at least one of the 

pressure Pl 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 Pl will decrease. 
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It should be understood that the work-equivalent of the compressor 

MP, that is the length of the side AF, is proportional to the amount of energy 

consumed by the compressor MP, and that under a given voltage supplied to 

the compressor the energy consumption is proportional to the electric current 

that flows through compressor. Thus, it is possible to determine if there is 

any malfunction with the compressor by measuring the lower pressure Pl at 

point D and the electric current during a refrigeration cycle. 

Noting such characteristic behaviors of the refrigeration cycle as 

described above, we have found from repeated experiments that there are 

notable 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_ofthe compressor. ·It should be noted, however, that the ·"Rise" 

· and "Fall" of the pressure 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 ele~tric 

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 

unit 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 
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outdoor unit is greatly affected by the ambient factors such as atmospheric 

pressure, and room temperature during a test, and also by the duration of 

operation. This is because the temperature and the humidity in the testing 

room are affected by the ·outdoor . temperature a?J.d humidity a.nd other 

climatic conditions. Therefore, a single test criterion cannot be applied to 

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 lower pressure in the refrigeration cycle of the compressor. 

The value 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 ra_nge, Sn ~s 

determined to be proper. 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 Kl. Thus, the upper limit GX may be defined by (Sx 
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+ Si)/2 plus (Sx - Si)/2 multiplied by Kl, and the lower limit GI by (Sx + Si)/2 

minus (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) may be . also defined by multiplying by a 

factor K2 the maximum of the variations between the two successive 

reference data S(n-1} through S(n-9). 

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 ifthe ·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 conveyer 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 
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constant. However, the conveyer sometimes speeds up or slows down due to 

accidental causes in one test station or another in the assembly line, thereby 

varying the period of operation of the outdoor unit before the measurement. 

Thus, in order to perform a proper trend test, the modification of the trend 

test reference range is necessary in accordance with the nature of the 

measurable physical quantity and the length of operation, as is done in Step 

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 time Tl (Step 203), where Tl 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 condition. 

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 place 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 chan.ged· (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 (c) the humidity in the test station exceeds a 

predetermined value. 
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When the answer is YES in the Step 206, a step of environmental 

factor modification (Step 207) is initiated to re-calculate factors Ka and Kp 

which are used in the trend tests as described in detail later. If, on the 

other ha~d, the answer is NO in the Step 206, the Step 207 is skipped.· In 

this case the factors Ka and Kp are set to 1. 

Next, the value of the counter C is checked whether it is greater than 

a 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 

~X, and initial determination of the ~apacit~ i~ made (Step 210). 

lfthe answer is YES in the Step 209, a trend test is made (Step 211) 

using the trend test reference range obtained from the prece~ing 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 Modifi.~ation step (Step 207) 

is shc;>wn in Fig. 15. The pro~edure starts with· Step 221 where the· 

temperature Y c of the· compressor of the current outdoor unit EX, dry 

thermometer reading Yd, and wet thermometer reading Yw are input. The 

values ofYc, Yd, and Yw are normalized to Ye', Yd', and Yw', respectively, in 

Step 222. 

In the next Step 223, changes dYc', dYd', and dYw' of the Ye', Yd', and 

Yw' relative. to the preceding values Ye, Yd, and Yw , respectively 
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(hereinafter referred to as difference data) are calculated to obtain the 

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

(Step 224). The neural network operations are adapted to yield a set of 

values for the factors Ka arid I).p, given a set of.changes dYc', dYd',. and "tlYw'. 

One way to establish the neural network operations is as follows. First a 

functional relationship is established between a multiplicity of given 

difference data and the set of factors Ka and Kp. Second, repeat the same 

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 

constructin~ a trend reference range, is set to a predetermined number,. 
. . 

which is 9 in this example. The procedure then proceeds to the following 

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 ampe~es; and Step 306 where 

a fa~tor X_f to define the number of data to· be included in the reference data, 

to 1.5. 

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 
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the maximum and the minimum of these measurements (Step 310). From 

the results of these calculations, Lower Limit D_min and Upper Limit 

D_max of the trend test reference range are obtained using the following set 

of equations (i). 

D_min = (X_a + N_a)/2 - ((X_a - N_a)/2) x H_g 

D_max = (X_a + N_a}/2 + ((X_a - N_a)/2) x H_g .......... (i) 

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 J is 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) I (Cf+ 1) 

D_max = (D_max + D_max' x Cf) I (Cf+ 1) .......... (ii) 

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 be~m set (re_sulting in NO_ in 

Step 312), Step 313 :ls skipped. 

In Step 314, 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 Step 314, Step 315 is 
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skipped. 

The procedure then proceeds to Step 316, where the minimum and 

the maximum, D_min and D_max, respectively, are multiplied by respective 

factors, Ka and Kp, and to the next Step ;317 where the lower and the upper 

limits, D_min and D_max, respectively, are further modified by addition of 

offset value OFt to each of them, and further to Step 318 where the following 

set of inequalities is applied to the current test data. 

dD>MdxD_g 

and 

C_min > 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 t~ 

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 323, 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_max, respectively, multiplied by a factor X_J. 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 
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refrigerant pressure during the heating mode and to the cooling mode of the 

outdoor unit EX. From these results, the capacity of the outdoor units may 

be determined, with reference to the diagnostic table shown in Fig. 12 . 

. It .should be appreciated that in the example shown herein the 

current data D is evaluated properly if environmental factors have changed. 

When the assembly line is stopped 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 connected with the a_ssembly line at the time of its start up.) · As · 

a result, the conveyer CV of the test line circulates by itself in the form of 

endless conveyer. 

Under such circumstances, the operators OPl, 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 

autoinatically circulating the carts ori the. endless 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 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 
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the tests is done manually by an operator only after the line has resumed its 

operation; and outdoor units that have passed the tests are individually 

directed by an operator to the next assembly line. 

Fig. 19 shows a procedure carried out "in the test station STl ~n the 

stopping operation. Suppose now that the outdoor units on the carts 4 and 5 

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

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

test station STl receives a notice from the integration unit PCS 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 41S, 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 STl. The outdoor unit EX on the cart 4 is 

then tested in the test station STl to see if it has required insulation 

resistance and pressure (Step 414). On the other hand, if the answer is YES 

in the Step 41S, 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 41S. 

After the tests in Step 414, the test station STl 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). ~f·the answer is NO, the procedure 

returl1s to the· Step 41S and ·repeats the same Steps 41S.:417, 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 PCS, the 
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instruction is detected after the completion of the test for the cart 7 and the 

cart 6 is detected (resulting in a decision YES in Step 421). The counter C is 

then initialized to 1 (Step 422). In Step 423, the counter C is queried if the 

counter value is equal to or greater than 4. If the answer is NO, it implies 

that the refrigerant tubes and electric wires are connected with the 

associated indoor 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 ST2 to see if the unit may start-up properly at a low-voltage 

(Step 424). On the other hand, if the answer is YE8 in the Step 423, 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 

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 an~ the next cart 10 is detected 

(resulting in a decision: YES in Step 431), and the counter C is initialized to 1 

(Step 432) .. The procedure 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 
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Step 434 is skipped. 

The test station ST3 then waits for the next cart to arrive (Step 435). 

When the test station detects the next cart, the counter C is incremented by 
. . 

1 "(Step 436), and que.ries the counter C if 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 becomes YES in the Step 437, when 

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 

instruction 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 made 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 station 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 44 7, when 

the procedure is ended. 

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

the stopping operation. There are shown in Fig. 18 fourteen carts 
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numbered "17" through "4" having outdoor units connected with the 

respective indoor units and awaiting the processing in the station ST5. The 

cart 17 is under refrigerant recovery process. If the test station ST5 

receives the s~op instruction from the integration unit PC3, the instruction is 

detected after the completion of the process for the cart 17 and the next cart 

16 is detected (resulting in a decision YES in Step 451), and the counter C is 

initialized to 1 (Step 452). The procedure advances to Step 453, where a 

query is made if the value of the counter C is equal to or greater than 14. If 

the answer is NO, it implies that the outdoor unit EX on the cart 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 is skipped. 

The post-test station ST5 then waits for the next cart to arrive (Step 

455). When the test statio.n detects the next cart 16, it increments 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 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 recovery process. If the station ST6 

receives the stop instruction from the integration unit PC3, 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 
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station ST6, so that the second refrigerant recovery process is done for the 

outdoor unit EX (Step 464). On the other hand, if the answer is YES in the 

Step 463, the Step 464 is skipped. 

The station ST6 then waits for the next cart to arrive (Step 465). 

When the test station detects the next cart, the counter C is incremented by 

1 (Step 466); and queries the counter C if its value is greater than 25 (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 4 72, the unit does nothing. When the answer 

becomes YES in the Step 4 72, the 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 instructed 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 sequ~ntially for the outdoor .units already connected with their 

indoor units.· Consequently, their capacities may be· determined 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 
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devices of the test system, so that the test line may immediately resume the 

interrupted operation based on the data. The test stations do not test the 

outdoor units that have been already tested before the resumption, and test 

only those outdoor units that have· been co:qnected with the associated indoor 

units after the resumption. 

Persons skilled in the art would recognize that, in conventional 

capacity tests of an outdoor unit, measurements of physical quantities such 

as electric current and refrigerant pressure at the low-pressure end 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 outdoor unit in the transient period, due to the fact that the physfoal 

quantities exhibit similar diagnostic symptoms during the transient period 

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 understood 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. 
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What is claimed is: 

1. A method for testing the performance of an electric appliance, 

comprising steps of: 

providing within assembly liries a test line capable of operating said 

appliance in a simulation mode and measuring at least one physical quantity 

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 

predetermined number, whether said currently measured value falls 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 l, 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. 
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4. The method according to claim 1, wherein said second reference range is 

defined such that it is centered at the latest value of said predetermined 

number of consecutive measurements that precede said current 

measurement and has a width which equals the.maximum variation in said 

consecutive measurements, multiplied by a correction factor. 

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 measure~ents, 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 betwe~n 

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

7. ~e method according to claim 2, wherein said reference range is defined 

. sucli 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 said consecutive 

measmements, 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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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 the 

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. 

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 evaporating 

said refrigerant, respectively, said quality test line comprising: 

means for running each of said refrigeration units from said 

assembly line in a simulation mode: 

means for measuring at least one physical quantity obserVable for 

said refrigeration unit a predetermined time (delay time) after said 

refrigeration 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 lower 

limits until said number of measurement reaches a predetermined number, 

and ~r ~aid number of measurement has reached said predetermined 

number, whether· the 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 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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value of said predetermined number of consecutive measurements that 

precede the current measurement and has a second width which equals the 

maximum variation in said consecutive measurements, multiplied by a 

correction factor. 

10. The test 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 were 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 

I lllllll llllll lllll lllll II llll 
* C L M S * 



37 
THIS SHEET HAS BEEN 

REPLACED 

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 operatioµ. in said heating mode. 

16. 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 import terminal 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 ~aid stop signal, 
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when each of said electric appliances has made a complete circulation 

through said test line, starting from the position located at the time of 

reception of said stop signal. 

17. The test system according to claim 16, wherein said test system is 

adapted to: 

provide preparations for fluid and electrical connections necessary 

for said tests; 

provide procedures to carry out said tests; 

bring tested electric appliances back to their original 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 acoording to claim 17, wherein each of said carts is 

provided with an appliance information processor (AIP) unit and a controller, 

said AIP 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 results to a general determination unit 

at said exit of 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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20. The test system according to claim 19, wherein said test line is 

adapted for testing an outdoor unit of an air conditioner, and wherein 

each of said cart has an indoor unit having a tube/wire connector for 

fluid mechanically and electrically connecting said indoor unit with said 

outdoor door unit when said outdoor unit is mounted on said cart; 

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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