2228999 REFRI GERATOR SYSTEM FOR A CONTAI NER BACKGRCUND<i;ﬁ;igf3&%ﬁﬁﬁtN
Fi el d oMhe I nvention: Fhe present invention relates to a refrigerator 5
system for a container. Description of*the Prior Art: A known refrigerator

system for a container in the prior art is illustrated in a bl ock diagram
in Fig. 4, and an arrangenent of the sanme systemw thin a container 10
Is shown in Fig. 5. In these figures, reference nuneral 1 designates a

cont ai ner, nuneral 2 designates a conpressor, nunmeral 3 designates a
condenser, ‘nuneral 4 desigBPRESERATER CEYE PN CFEXPRANSOIPPAYRENE, nuneral 5

de5|gnates an evapo- rator, nuneral b destgnares a not gas nodul ating
val ve, 15 nuneral 7 designates a condenser fan, nuneral 8 designates an

evapor at or f anBAOKGROBND 90F eBHE NENEEBNRIOCNAt ai ner out- side tenperature
detector, nuneral 10 designates a con- tainer inside tenperature detector,
nunmeral 11 desi gnatEseld ef echei Invemtion: and nunmeral 12 designates a
‘control ler. 20 Solid line arrows in Fig. 4 indicate the direction of
flow of a cool ant, and dBeecprésert ainventioni celatesctaiaccefoigeratéoow of
air. In the above-described system a coolant com pressed by the
conpressd 2 efyetemtfier can@entain@r. where 25 it is cooled by

heat - exchange with air sent by the condenser
. Description of the Prior Art:

A known refrigerator system for a container in
\\J - the prior art is illustrated in a block diagram in Fig. 4,
and an arrangement of the same system within a container

10 is shown in Fig. 5. 1In these figures, reference numeral
1 designates a container, numeral 2 designates a compressor,
numeral 3 designates a condenser, numeral 4 designates an
electronic expansion valve, numeral 5 designates an evapo-
rator, numeral 6 designates a hot gas modulating valve,

15 numeral 7.designates a condenser fan, numeral 8 gesignates
an evaporator fan, numeral 9 designates a container out-
side temperature detector, numeral 10 deéignates a con-
tainer inside temperature detector, numeral 11 designates
an electric heater. and numeral 12 designates a confro;ler.

20 Solid line arrows in Fig. 4 indicate the direction of flow
of a coolant, and dotted liné arrows indicate the direction '
of flow of air. -

| In the above~described system, a coolant_com-
pressed by the compressor 2_enters the condensor 3, where

25 it is cooled by heat-exchange with air sent by the condenser



fan-7, and becomes a high-pressure liquid cool ant. The cool'ant is Feduced
in pressure in the electronic expansion valve 4, -and, t hen enter&-?ﬁe
evaporator 5, 5 where it is heated by heat-exchange wrth air sent™ay the
evaporator fan 8 and it becomes a |ow pressure gas coolant and
returns to the conpressor 2. The above-nentioned is a basic
operation of a refrigerated system and in this systemthe.controller 12

conpares 10 t he tenperature detected by the tenperature_detector 10
within the &8At di'néind BRIIMeS pRe SONT BFFSSHES el ifdid ncppdaatnt Sheer 1,

and accordin 0 the.results of, conparison it adjusts.the extent qf opening
of the hot §§?aﬁ8 uIéFin&eéaqﬁgfil Qf$§§9f?chﬁﬂg-§Peth§ CEOMIE 15

heater 11, %5?%%%1% te‘?r%ll‘?é Qpen%{p(g %Be’i\he?xﬂ:gfy ieﬁ gﬁggggl?fn val ve 4,

and t hereby Servés to ai'f the tenperaturé W thi ner 1

_ ] i - d.
constagt . FOHRYRI 44l <! RBatAGe YN BERLRGCHINA URrl 119 Ahe pyPUBRr anuate

or has-been danaged ¢ 0 any . her ma nsulation- property
of © the copLARRRAtokS LY @Jedangesit t vadomed ardelbrakpdiss Wie heals SO that
a preset tenpérature wthin the container cannot e attal ned; thereby
an abnor nal ceendnti oraddr fétutned ite 25:he tbHempeBEabRer 2. produeed:
Also, even if the preset tenperature within the container were to be
attai ned, aabakteomenltioned tisora woasicooperatiamadfi & weflrd geddated | Ong
time to attain the set tenperature, or a heavy |oad -2- '

system, and in this system the controller 12 compares

10 the temperature detected by the temperature detector 10 ;;/
within the container 1 with a preset temperature-within
the éontainer 1, and according to the .results of
comparison it adjusts the extent of opening of the hot
gas modulating valve 6, ON-OFF switching of the electric
.heater 11, or the extent of opening of the electronic

expansion valve 4, and thereby serves to- maintain the

temperature within the container 1 constant.

- However, in the case where the container 1 has

20 superanuated or has been damaged dué'to any cause, the
thermal insulation property of the container is
degraded, resulting in large leakage of heat so that a
preset temperature within the container' cannot be
attained; thereby an abnormal condition for the load in
25 the container is produced. Also, even if the preset
temperature within the container were to be attained, an

abnormal condition would occur in that it would take a

long time to attain the set temperature, or a heavy load



woul d besapplied to the refrigerated‘system Mreover, when such an .
abnor mtwsondi ti on occurs, in the prior art it is not known whether the
probl emi-nvol ves the'5 refrigerator®systemor the container. SUMVARY OF
THE INVENTION: 10 It is therefore an object of the present invention to
provide a refrigerator systemfor a container having an abnornal ;
condition "diagnostic capability. 15 According to the present invention,
there is provided a .refrigerating system for a -container including an
“evaporator, an wapdrisé osippiiedntoaghel eelfrigdietial shpaaed | nsrdevet,t he
cont ai ner, which 20 I's characterized by the provision of abnornal

condi tion di agrwisén cstelti ant almsofmal tdendbbianneccapspriini theapriosi det
tenperature detector, an outside tenperature detector, control neans .
responsive to itn isbmetalknownli twhethelf aghbei sprobhiemucinvolvésr the
operating _ saird 25 = evaporator fan and said-electric heater, and

abnor mal &ondi t FORr HIQHRERY | BY FEM sOF okheli geRbaLiA§rwhet her an abnor mal
condition is present or not in the container when ‘the system is
started-up in dependence upon the - 3-

' SUMMARY OF THE INVENTION:

It is therefore an object of the present

invention to provide a refrigerator system for a

container having an abnormal «condition diagnostic

~ capability.
15

According to  the . present invention, there is

provided a refrigerqting system for a container

‘including an evaporator, an evaporator fan and an

\\/  electric heate: diposed inside of the container, which
_20 is characterized by the provision of abnormal condition
diagnostic faciiities for the container comprising an
inside temperature detector, an outside temperature
detector; cbntrol means responsive to an abnormal

condition diagnosis instruction for operating said |
25 éQaporatér fan and éaid electric'héater, and abnormal
condition. diagnostic' means for diagnosing whether an

abnormal condition is present or not in the container

when the system is started-up in dependence upon the



tenperatures detected by said respective: tenperature detectors after
t'he evaporator fan and the electric heater have been-operating for ag’
predet erm ned period. Preferably, ‘said-abnornmal condition diagnostic™&
means di agnoses the condition in the container to be normal if the

t enper at uregde t L DSl ge af ur, or l.sgn to a
'predeterningc tg%%ggggﬁnggﬁééﬁ%ﬂeﬁhfgggg%gtf%ﬁﬁ%?%%e téﬁ%@?ﬁ?ﬁnglo -
detected bygéheceytsi dest&Penat Usgagetasber  £ont g beRbN@ERlyif it has
not risen to said predeterm ned tenperature. Conveniently, message display
neans are phestdedhibe bebarofgesptaygngorha peedeternfinedhperdbagnosis by
t he abnormal condition diagnostic nmeans. In accordance wth the invention, .
there is provided a capability of checking to see if an 20

abnormal condition exi sts in the container via the controller in the
refrigerating systeBrefarshlyer maid sbnosmalt conshitidn t déagabsitger at or
system so that the_ tenperature W thin the container ~is nmaintained
constant inm@3es - dixgnpses)ythgpGondiigAhe 18y sthan FRnESinerpae ben
conjunct on, ULl B eneCIG o SO0 (yondhagnagy o ool Lilley any
In ror € temperature detector--has risen to a predetermihed
temperature or higher in felation to the temperature
10 detected by the outside temperature deteétor,.but to be \;/
abnormal if it has not risen to said predetermined
temperature.
Conveniently, message display méans are provided
15 for displaying the results of the diagnosis by the
abnormal gondition diagnéstic means.
In accordance " with the invention, there is
provided a capability of checking to see if an
20 abnormal condition exists in the container via the . g
controller in the refrigerating system, which normally
serves to control the refrigerator system so that'the
temperature within the container is maintained
consfant in use. Thus, by . operating the system in
25 part in conjunction with the abnormal condition

diagnositc facilities, any abnormal condition in the
container can be readily discovered. In more

detail, if the abnormal condition diagnostic facilities



detail, & the abnormal condition ﬁiabnoétic facilities -4- -ar e operat-ed
when théidbntainer is-intan enpty condition, the control nmeans in the
refrigerati-on systemb5 starts operat'ions of the evaporator fan and the
electric heater while the inherent regrigerating function is kept stopped.
Thereby the inside of the container is heated up. After a predeterm ned
period of time has el apsed, the tenperatures on the inside and on the
outside of the 10 contai ner detected by the - respective

tenperature detectors are investigated automatically Wwith reference to
known correl ati on between the tenperatures on the inside and on the outside
of. t he cont ai neereandperatied ewdhen t hthe t heonbaprent uds onin heanns iethy tof
the 15 container.. has not- risen_ u a_ predeterm ned

t enper at ure, it°P§déG@6ﬁatFB§IF?nGEPér;gﬁéétgﬁaﬁhﬁeéﬁééég@ﬁaﬁé&m Syisten
I ne this_m§¥, phe_presencg Qr,absen%e f ag abnor nal c?pdition C%He%%ric
aut omatical Iy dP%8R5SegP fﬁ@ﬁ@Pﬁr@, SRfof PB°EP§EF|@& @gé.§hea

o See whet her BPAKGE Hho4Bn6PRainBBRERE: SH SBIcere Hind: FERCHIR e KeRte.
RO s s o L S R s B

description of 5,  After a predetermined period of time has elapsed,

the temperatuﬁes'on the inside and on the outside of the

\~/ 10 container detected by the respective temperature

detectors are investigated aﬁtomatically with reference

to known correlation between the temperatures on the

inside and on the outside of the container, and in the

event that the temperatqre on the inside of the
15 .container has not .risen up to a predetermined
temperature, it is automatically determined that leakage
of heat exists. 1In this way., the presence or absehce of
an abnormal condition can be automatically diagnosed.
k\./ Therefore, prior to practiéal .use of a refrigerating
29 container, it can be automatically and easily checked to
see whether or not an abnormal condition exists in the

container.

The above-mentioned and othef objects features
25 and advantages of the present invention Qill'become more
apparent by reference to the following description of
preferred embodiment of the invention taken in

conjunction with the accompanying drawings.



preferred. enbodi nent of t he invenfion taken in COﬂJUﬂCtIOD AM.t h

t he acconpanyi ng drawi ngs. -5- , BRI EF DESCRI PTI ON ©&F THE DRAMVNGsyifh t he
acconpanying drawings: 5 Fig. 1 is a block diagram of’ one preferted
enbodi nent of the present invention; 10 Fig. 2 is a diagram

showi ng the relation between a container inside tenperature and a contai ner
outside tenperature to be- referred to for explaining. the prlnC|pIe
of the presBRIEFnREREREATIQR OF THE DRAWINGE: 3 is a flow chart of the
operation of the illustrated enbodinent; Fig. 4 is a block diagram of a
refrigerating systemfor a container in the prior art; and 20 Fig. 5 is
a schematic view show ng the arrangenent of a refrigerating systemfor

a container-in the prior art. DESCRIPTICN OF THE PREFERRED
"EMBODI MENTS: One prefe d refrigerating system for
a cogtainer -accor ?ngﬁg 8gg$§§an§%e ent a%ﬁngﬁtlon -~ which I ncor por ates.

abnor nal condition -6-

Fig. 1 is a block diagram of one preferred

embodiment of the present invention;

10 ' Fig. 2 is a diégram'showing the relation between
a container inside tempefature and a container outside
temperature to be referred to for explainihg the

principle of the present invention;

15 ' Fig. 3 is a flow chart of the operation of the

illﬁstrated embodiment;

Fig. 4 is a Dblock diagram of a refrigerating
system for a container in the prior art; and

Fig. 5 1is a schematic view showing the
arrangement of a refrigerating system for a container in

the prior art.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS:
One preferred embodiment of a refrigerating
system for é container according to the present

invention, which inéorporates “abnormal condition’



di agnostsc facilities, is illustrated in blocks in Fig. 1.. These
facilithes consist of.a portion included in the refrigerating systemin the
prior art,  and a5 * newy added- portioh, and these respective
portions cooperate to achi eve the desired object. Thus, those parts

known from the prior art- and descri bed hereinbefore with reference
to Figs. ‘4 and 5 are given like reference nunerals. In Fig. 1, reference-
nuneral 10 8 designates an evaporator fan, nuneral 9 designates a

cont ai ner OUtS'&EhéﬁﬁgEiéﬂlEébfkiﬁEéé” i%”“&fﬂuéé&&%@dgnﬁﬁesbl@cﬁ@”tﬁﬁ”er
I nside tenperature detector, nuneral designates an electric heater,

nuneral 13 desimiy eb. al'hes%)nﬂ&cﬂ.’ﬁiltf@ﬁdtbhﬁmstdb&gfwsﬁdﬁtlcﬁwiﬁdﬂlud@d
numeral 14 designates control nearns, nuneral 15 designates a tiner,

nuneral 16 desigvnathe trefrigetdtirg megssem immthal pridr atesi gaatiesa
ahnor nmal condition diagnostic neans, and nuneral 18 designates nessage.

di spl ay nBans. newly acaddédn portriasws and tthesef|xespecbive rpmwt%mmﬁ t he
direction of transm ssion of information or instructions. Now, a principle
of the present ¢oRReRatm &P| lachdedeplthoededirndr ghdesice t Fhmsy. those
which the 25 - tenperature on_the inside of the container_is_taken along
an ordinate, arfPX éﬁﬁ%?htuﬁéoﬁn tHe ouPHIPF of aFke cBRfai nefSFEheten

along an absmf%erelngg ore w1£h reference to Figs. 4 and 5 are glven-

like reference numerals. In Fig. 1, reference numeral

\~/ 10 8 designates an evaporator fan, numeral 9 designates a
container outside temperatufe detector, numeral 10

designates a container inside temperature detector,

numeral 11. designates an electric heater, numeral 13

designates an ‘abnormal condition .diagnostic switch,

13 numeral 14 designates <control means, numeral 15
designates a timer, numeral 16 designates timer setting
means, numeral 17 ﬁdesignaﬁes abnormal condition
diagnostic means, and numeral 18 designates message
g display means. In addition, arrows in this figure
20

represent the direction of transmission of information

or instructions.

Now, a principle of the present invention will

be'explai'ned with reference to Fig. 2, in which the

25 temperature on the inside of the container is taken

. along an ordinate, and the temperature on the outside of
the containér is taken élong an abscissa. Since heat

generating rates of the evaporator fan motor and the

electric heater as well as a heat leaking rate of a



generating rates of the evaporator fan mbtor and the electric “heatég; as

well as a heat leaking rate of a -7- normal container are resgggfively
constant, when the inside of the container has been heated for a cértain
period of tinme by operating the evaporator fan notor and 5 the electric

heater under the condition where a load is not present in the container, in
the case of a nornmal container the relation between the tenperatures on the
i nside and on thgloutside of the continer would be the relatjon represented

by line A i PR 2 CoNtRINGY (ALE (FFSPeGFLYR Y p fMTHa tont ¥PRBr ¥B%ing a

I heat | | t €4, Si t ' he i.nsid f_th

contai ner dodoHE PRo&ned Ratsa ek “HBRLEH fotel, shpem Sretath the
container : f ! . e A
nH g o MetlEq B ey pA M evabBtacal HIE B GL I 00 be
deterngned byhde@fti ik IHEaL &IPSR LT Ehe OBohRE i BAT IheRd aﬁ%eﬂ? ﬁytsi de

of the container after the evaporator fan and the electric heater have been
oper at ed fOYn@tCﬁfé%ﬂthﬁl eheOfcédnt®inanf LAvVeadid 084689020 2 ndRRafEasUr ed

.tenperatures with reference to the known data of the tenperature relation
as shown in domtaPheNekhe relheionopetaicem thef tempbeaturkbbudnm atikd
enbodi nent of the present invention will be explained on
inside and on the outside of the continer would be the
relation represented by line A in Fig; 2. In the case
10 of an abnormal container having a large heat leaking \;/
rate, since. the temperature on the inside of the
container does not rise so much, the relation of the
temperaﬁures on tﬁe inside and on the ouside of the
container will~fall in the hatched region B in Fig. 2.
In this way, an abnormal condition of the container can
be determined by méasuring' the temperatures . oh the
inside and on the outside of the container after the
evaporator fan and the -electric heater héve been
operated for a certain period of time, and investigating
20

the measured temperatures - with reference to the known-

data of the temperature relation as shown in Fig. 2.

Next, the operation of the illustrated

embodiment of the present invention will be explained on

25 the basis of the above-déscribed construction and
operation principle. ~Under the condition &here a
container 1 having the construction such as shown in

Fig. 5 is held empty, the abnormal condition diagnostic

switch 13 in Fig. 1 1is- actuated to start abnormal

_8....



25 the basis of the above-desdribed construction and operation’

prlnCIpﬁé« Under the- condition where a container 1 having the
construct.i on such as'shown in Fig. 5 is held enpty, the abnormal condition
di agnostic switch 13 in Fig. 1 is actuated to start abnormal condi tion

di agnosis. At this nonment, the control neans 14 starts operations of the
evaporator fan 8 and the electric heater .11 while the inherent
refrigerating 5 f-unction is held stopped and thereby the inside of the

contai ner is hegbadidRonAibBRoS2ET t ARE, tHilke homext 15théaEbhte8lNeRAgs and
after a tine preset by the tinmer setting nmeans 16 has el apsed, .in response

to an instructi @4 istutes fopardtionondfoltiearyapbratbe 1fan sabmed Nkhe
condition diagnostic neans 17 conpares the tenperatures det ected
by the conteillaetrici nseaker enplr athirle ddthect dnhefeartd tiefrdgetraitiag
outside tenperature detector 9, respectively, and if the container
i nsi de tefpertufenctipp iy heddrptempeg t angd fherehy chhe einshée of the
tenperature or higher in relation to the container out5|de tenperature
[err] then. t°°F§aéP§§né§eBe?ﬁ§@ uPhe B5nitRen&i2me stiMRyr nbhe tpper 15

et s heo PR SRRALE Lt 58 o PR i B e 1
present, a“d g E%lngongegngn lks has elapsed, in response to an
instruction issued from the control means 14, the
\./ 10 abnormal condition diagnostic means 17 compares the
temperatures deﬁected by .the container “‘inside
" temperature detector 10 and the container outside
température detector 9, respectively} and if the
_ . container inside temperture (Tin ) has risen up to a
15 predetermined temperature or higher in relation to the
container outside temperatu;e' (Tout ), then it i;
diagnosed that the c?ntainer is normal, but if the-
container inside temperturé (T;, ) has not risen:up to
\\,/. - that predetermined temperature, it is diagnosed that
20 leakage of heat -is present, and Ithis condition is
displayed by the message display means 18. When the
above-mentioned diagnosis has finished, the control
'means 14 stops the evaporator fan 8 and the electric

heater 11.- The above mentioned process is represented

25  py the flow chart in Fig. 3.

As described in detail above, since the
refrigerating system for a container according to

the present invention 1is associated with abnormal



di spl ayed by the message di spl ay means 18. - V%en t he above- nentloned
di agnosi s has finished, the control neans 14 stops the evaporator fag%% and
the electric heater 11 . The above' mentsi oned process i$ represent ed

by the flow chart in Fig. 3. As described in detail above, since "
the refrigerating system for a container according to the present
invention is associated wth abnormal -9- condi tion diagnostic-
facilities, the refrigerating system per se can di agnose either presence

or absence gdndfeiohecaldaagnektiike cpad iieies] hatthes, %fﬂf@e?&@ﬁﬁ@ée 5
or absence of an abnornmal condition of the container. Wile the present

i nventi on hepsbernpetesse i dmtl dbayrose ebtinert poeséncensr palséeficedof
enbodi ment of the 10 - invention, it will be appreciated that other
enbodi ment sheit t healags cof the eaohbaiven , b&hatde sy téi thehepsesercef the

appended clains. 15 20 25 - 10 - - . .
5 or absence of an abnormal condition of the container.

" While the present invention has been described

above in connection to one preferred embodiment of the

10 invention, it will be appreciated that other embodiments \4/
. of the present invention can be made within the scope of
the appended claims.
15
20
25

- 10 -



CLAI M5 = A refrigerating systemfor a container i ncl udi ng an . -
evaporat®, an evaporator-fan and an electric heater 5 di sposed i nsi de
of the container, characterized by the prOV|S|on of abnormal condition

di agnostic faC|I|t|es for the-container conprising an inside tenperature
detector, an outside tenperature detector, control neans responsive to

an abnornal %ﬁgfﬁgtion di agnosi s 10 I nstruction for operating said -
evapor at or fan id electric heater, and abnornmal condition diagnostic
means for diagnhosi ng whet her an abnornal -condition is present or not in the

cont ai ner when the systemis started-up in dependence upon the tenperatures
det ected by sai @, 15 RespfrigeratEnpespsten feteatocoatalher theluding
evaporator fan and the electric heater have been operating for a

predet ermi ned peni edap@rator, dnrevapgeatbrndagysreindroredectniai heater
accordi ng 20 to Caim 1, characterised in that said abnornmal
condltlon5d|agndsspesﬁéanssaﬁagnﬁséﬂﬁiheonbﬁanﬁronChﬁﬂﬂ@?ﬁﬁmﬁ%ﬂrhy tbebe
normal if the tenperature detected b the_ . inside tenperature  detector
has risen to PEOpiglereafi nelne ré’cqn%l’bmfhl Giéonostiq afrealisicRe 25
tenperature - dgtected out si de, tenperature detector, but to

| f er

b
be abnor nal ?rhaEhﬁotchgéhn?B SGPPHF EliBBer Al nedBififer LEMPETatUre)

detector, an outside temperature detector, control means

responsive to an  abnormal condition diagnosis

\~/ 10 instruction for operating said evaporator fan and said
electric heater, and abnormal condition dlagnostlc means

for dlagn051ng whether an abnormal condition is present

or not in the container when the system is started-up in

dependence upon the temperatures detected by said

15 respective temperature detécfors ‘after the evaporator

fan and the electric heater have been operating for a

‘predetermined period.

\\/, 2. A refrigerating system for a container aécording

20 to Claim 1, characterised in . that said abnormal

condition diagnostic means diagnoses the condition in

the container to be normal if the temperature detected

by the inside temperature detector has risen to a

predetermined temperature or higher in relation to the

25 temperature. detected by the outside temperature

E " detector, but to be abnormal if it has not risen~to said
predetermined temperature.

‘_______.'__—————-————_——____—_—
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3. A refrigerating systemfor a container according to-Caimi or 2,
characterized by the provision of nessage-di spl-ay means for displaging
the results of the diagnosis by said abnormal condition ‘di agnostic neans. 5
4, A refrigerator _system for a container constructed,
arranged and adapted for use substantially as hereinbefore described with
reference td; and ad sebwhgenakigg Byste® dort ke cavtedpemyiargoddanigngs. 10
5. A refrigerated container having a refrigertor systemaccording to
any one of FRe din@rc| &r mShappckEpized 1) by the provision of
message display means for displaying the results of the

diagnosis by said abnormal condition diagnostic means.

4. A refrigera_tor system for a "_conta.iner
constructed, arranged and adapted for use substanj:iai_ly
as hereinbefore described with reference to, and as
' shown in Figs 1 to 3 of the accompanying drawings. ' o
10 | B o
' ; 5. A fefrigerated container having a. i‘efrigertor

system according to any one of the preceding claims.

20 ' | o <

25 | ' | y

—_—
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