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-1- 2214317 | NSULATI ON TESTI NG APPARATUS, OF A REFRI GERATI NG MACHI NE
The present invention relates to an insulation testing apparatus of a
refrigerating machine such as a refrigerating container for marine \
transportation which is required to be subjected to an electric¢ insulatiq
test 10 repeatedly in a short tine. For exanple; in a ezwg_ a} “
machi ne (hereinafter referred to as a refrigerating unit)ZLf I'ne
cont ai ner which is one of apparatuses utilizing refrigeration, inspection

i's conducted for a refrigerating 15 system thereof prior to |oading of
cargoes. This inspection is inplenmented for-diagnosis of inportant elenents

of the refrigerating AYSGEATON9ESPERG RPPARRTUSO O ansport the expensive
| oaded cargoes to a estrnatrnﬁ—fhereﬁ+-mr+4%u+—hrﬁd+ance under severe '

environnment and this opes 2REPRIGERADPING NACHINET!, that is, Pre-Trip »
I nspection. In the PTI Tor the refrrgeratrng-contai ner, a controller

conposed of a m croconputer perforns the diagnosis of control functions,
sensors, actuators, refrigerant systens, hydraulic systens and the |ike. 25
As otRer inportant PTI, there is an insulation

The present invention relates to an insulation
testing apparatus of a refrigerating machine such as a
refrigerating container for marine transportation which is

> required to be subjected to an electric insulation test

10 repeatedly in a short time.

For example, in a refrigerating machine
(hereinafter-referred to as a refrigerating unit) for a
marine container which is one of apparatuses utilizing.
refrigeration, inépectibn is conducted for a refrigerating

15 system thereof prior to loading of cargoes. This inspection
is implemented for-diagnosis of important elements of the
refrigerating systeh in advance in order to transport the

expensive loaded cargoes to a destination thereof without

//
\
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hindrance under severe environment and this operation is
20 named PTI, that is, Pre-Trip Inspection.

In the PTI for the refrigerating container, a
controller composed of a microcomputer performs the
diagnosis of control fuhctions, sensors, actuators,
refrigerant syétems, hydraulic systems and the like.

25 As other important PTI, there is an insulation



-2- test for electric devices. This insulation test is performed for each
refrigerating unit by an operator. The PTI.is:perfornmed for many (several
hundreds) refrigerating units at a tine prior to |oading cargoes onto on a
conta&ﬁgr ship at 5 a wharf for the container and accordingly

aut omati zation of the PTI using automatic-dPagnosis function is required.
Fig. 3 shows an exanple of a control circuit of a conventional
refrigerating unit. In the insulation resistance test of the conventional

refrigerating neehi #erl@iectyiewdeivi chisy. T%usalﬂguﬁuieothQKQr131performed
constituting a main switch is turned off to stop the operation of

controll er 22 d$ortkachcoetfadigeralanigounta of aheebeeﬁmgnetmaesnwtcmgs 23 to
26 gre opened. An insul ation resistance of a conpressor 28 is measured by
brlnglng a pospPerferpede feTramany (sgnéralnbgadiredsporef2igephtangonhadt at
maker of an insul ation- resistance tester 27 into contact wwth a | oad
connecting terﬁiﬁéweoprﬂﬁé éPeéPFSHﬂ&néPF§°§®iPEH°23“aﬂd°8ﬁtéiﬂérnéhiEagﬁng

t th t ynded pot e 28 of t
Compr 6ssor, 1 68pABEFfofgE EH§U% 131%8s"and pgSokainely 8 apals Sarach: ps

d I friger . h | e,
bl over 20, %35§”§§'t”% RaTplR t1t ) Benp s St H AR, fs; ReuER e tnanner
As described above, sincg, hegcgnxaetaﬂn@kaaﬁle ot BSUbRLFBY EERLE126E a

test of the refrigerating
conventional refrigerating unit. In the insulation

resistance test of the conventional refrigerating machine

10 shown in Fig. 3, a no-fuse breaker 21'constitﬁting a main
switch.is turned off to stop the operation of a controller
22 so that contacts 23a to 265 of electromagnetic switches
23 to 26 are opened. An insulation resistance of a
compressor 28 i§ measured by bringing a positive pole 27a

15 and a negative pole 27b of a éontact maker of an insulation-
resistance tester 27 into contact with a load connecting
terminal of the eléctromagnetic switch 23 and an external
casing (at the same potential as the groundéd potential) of
a motor 28 of the compressor, respectivgly. Insulation

20 resistances of other electric devices mainly constituting
the refrigerating machine such as, for example, blower 29, a
motor 30 and a heater 31 are also measured in the same
manner.

As described above, since the donventional

25 insulation resistance test of the refrigerating machine is

z)



-3~ nade usi ng the insulation;res}stance tester for each Qlécifib.device by
operator, it is troublesone and requiires much tine. Further, when many
refrigerating units nust be inspected, the insulation resistance .test

| npedes reduction 5 of operation tinme greatly. The present inVention; Ks
been made in view of the above problemand an object of the present -
I nvention is to 10 provide an insulation testing apparatus of a

refrigerating machi ne which can solve the problemin the prior art. In

order to fpaliecvsihize thlkOVasANaGbn-riR8 iBtARRR! tieBYRRHM QR leachonfigured as
follows. The insulation testing apparatus of the 15 refrigerating :

machi ne i etledirng dleedicei dydepietazonqi ity igonToabilRgomle And0RGASTRS, a

bl ower and "an el ectric heater is characterized by the provision of neans

f or gener auichg tamei. gfudd heol,t #hent @anlyi clefz igeriadd ngeaindttar mus tc duepl ed, ¥
swi tching nmeans for disconnecting each of said electric 20 devi ces from

a drive ponepestgply theeliasulandoappepiisdasged tesdgh inpledege riedagddwna power

connection term nal of each of said electric devices and ground through

i nt ePnal ~PEWBPErALd8N| fiPRe8r&RLilder ati ng machi ne successively and

separately and testing neans for testing an insulation

The present invention has been made in view of the
above problem and an object of the present invention is to \;)
10 provide an insulation testing apparatus of a refrigerating

-machine which can solve the problem in the prior art.
In order to achieve the above object, the present
invention is configured as follows.
The iﬁsulation testing apparatus of the
15° - refrigerating machine including electric devices.mainly
consisting of a compressor, a blower and an electric heater
'is characterized by the provision of means for generating a
high de¢ voltage to which a series.resistor is coupled,
switching means for disconnecting each of said electric o/
20 - devices from a drive power supply thereof and appiying said
" high voltage between a power connection terminal of each of
said electric devices and ground through internal power |
lines in the refrigerating machine successively and

separately and testing means for testing an insulation

25 resistance of each of said electric devices in accordance



25 resi st ance. of .each of said electric devices in accordance wth a
curregt flow ng between said power connection-terminal and ground.
Accordi-ng to the present invention, a controller of the refrigerating
machi M&: has a function for separating 5 xt ernal power |ines and
i.nternal power lines within the apparatus ~and T ncl udes the high voltage
generator identical with that of a conventional insulation-resistance
tester. The controller functions to apply an output of the high voltage
generat or bet we¢nht Recurirennalt ipeiag beneeeandall pow@FOoUefinaBdibHrt her
successi vel y opens and cl oses el-ectromagnetic control switches to apply the
hi gh vol tage t deeméhadf apicgrpiioddevi ces separately. The control |l er serves
to.detect a current flowing through the circuit applied with the high
voltage and conpare the Aececdéngito theupreaendi i hvantiédes eaceondradlso
that insulation _fajlure of each of the electric devices can be decided.
According to tAE BPESERETiBGEALIBR, MARBIPASHAS: PohURBEiCPAARE EERRIRAIPE
whi ch hasceheretofore reguired,ouch tinge.can_be. easil utomat i zed and can
bo. conbi ngd w R t868el “HRkEF-ATHER BhE"¢ AABFREN BRverel LBREr uh FRIn; ghe
greatly reduce,abor hg ah: RIiuaBR Fhe DRPER B3 Mo o ThEr PRAYY NiSn i cal

with that of a conventional insulation-resistance tester.
The controller functions to apply an output of the high
vol tage generator between the internal power lines and

10 ground and further successively opens and closes.
electromagnetic control switches to apply the high voltage
“to each of eleétric devices separately. The controller
serves to detect a current flowing through the circuit
applied with-thé high voltage and compare the detected

15 current with a reference value so that insulation failure of
each of the electric devices can be decided.

According to the present invention, the insulation
resistance test in PTI which has heretofore required much
time can be easily automatized and can be combined with

20 . self-diagnosis function.of the controller to greatly reduce

labor for the PTI.

BRIEF DESCRIPTION OF THE DRAWINGS-
Fig. 1 is a circuit diagram of a controller of a

25 refrigerating unit having auvtomatic insulation testing



- Fig. 1is acircuit diagramof a controller of a 25 refrigerating unit
having automatic insulation testing . -5- function; Fig. 2 is a circuit

di agram of a closed loop for insulation test in Fig. 1, and Fig. 3 is a .
circuit diagramof a controller of a 5 5 -conventional'refrigerafing'un&&ﬁ
Fig..t shows a configuration of an enbodi nent of t.he present invention and
Fig. 2 shows a closed loop circuit 10 for insulation test. In Fig. 1,

the present invention is applied to a refrigerating nmachine for a marine
cont ai ner. téné@pidnise breaker 21 is closed to operate a controller 22, which
controls control relays 23, 24, 25 and 26 for a conpressor 15 ‘motor, a
condenser fan, an evBp®ra2oisfancancuintheébagramrespactivety, ) bopt hereby
performrefrigerating operation. In Fig. 1, nunmeral 1 denotes a start
switch forinshfatiegnbest. i WAEN&t hk; sémedt switch 1 is depressed to be *
turned on, the controller 22 starts a self-diagnosis node in which 20
refrigerating operat¥bh-i3 ismedebreritsdbppeamanfl & eenhyoBleprof a
discqgnectin an ac source. | s operated so that its contacts 3a and 3b

are opened® %YE&%@,Mfégﬁﬁﬁ?T§§¥§§' myt-

Fig. 1 shows a configuration of an emboaiment of
the present invention and Fig. 2 shows a closed loop circuit \;)
10 for insulation test.

In Fig. 1, the present invention is applied to a
. refrigerating machine for a marine container. A no-fuse
breaker 21 is closed to operate a controller 22,.whfch
controls controi reléys 23, 24, 25.and 26 for a compressor
15 motor, a condenser fan, an evaporator fan and a heater,
respectively, to thereby perform refrigerating operation. In
Fig. 1, numeral 1 denotes a start switch for self-diagnosis.
When the start switch 1 is depressed to be turned on, the
-controller 22 starts a self-diagnosis mode in which ' \/
20 refrigerating operation is immediately Qtopped and a relay 3
for disconnecting an ac power source is operated so that its
contacts 3a ahd 3b are opened and closed, respectively, and
all other relays are turned off.
A relay 4 for short-circuiting an-iﬁternal power

25 supply circuit in the refrigerating unit is then operated to



all other relays.are turned off. Arelay 4 for short-circuiting an internal
power 25 supply circuit in the refrigerating unit is then operated to

- 6-¢J-ose contacts 4a thereof so that three lines for three phases which
are Npternal power lines in the unit are sh®drt- circuited with each other.
The relay 4 can not be operated when the relay 3 5 is off. When an

| npedance of each of the three lines is enough | ow, the short circuit by
the contacts 4a of the relay 4 is not required. Subsequently, a relay 5 for

applying a hi gl ok@l 3df alttsORQr AheFeb? SbOtRatORheES]1PRedNdopPbthheeeof at
an- i nput side and an output side, 10 respectively, of a high dc voltage

generator 6 tehagekywhilkhglrposhniteraaQuppwervalihageihotAB ufier agk 8ARo2@O
vol tage power line. A high negative output voltage is previously coupled to
a housi ng (greumdpidedawddht aiaebr othlee.conpressor control relay 23 is now
operated to 15 cl ose contacts 23a thereof. Consequently, a current |o
fl owi ng through the hi ghh@oredg¥ deceranet bef pprtatrdowhRnatber resey 3
detectios resi stor (R%F7 and a voltage Eq generated across the resistor 7

i S

is anpliTied B 84%rs8hshi 87 AmBeAepEe 8f; §ack 85pthedthEeendiRBRL i8I | er

22. When an eL%%%%hclow, the short circuit by the contacts 4a of the

relay 4 is not regquired. Subsequently, a relay § for
applying a high voltage is operated to close contacts 5a and

U 5b thereof at an input side and an output side,

10 respectively, of a high dc voltage generator 6 to apply a
high positive output voltage to an internal ac 200 voltage
power line. A high negative output voltage is previously
coupled to a housing (ground) of a container.

. The compressor control relay 23 is now operated to

15 close contacts 23a thereof. Consequently, a current Io
floﬁing through the high vol tage generator 6 flows through a
current detection resistor (R) 7 and a voltage Eo generated
across the resistor 7 is amplified by an isolation amplifier
8 to be applied to the controller 22. When an electric

20 circuit betweeh the container housing and the power
connection terminal of the compressor motor 23 is normal, a
resistance therebetween, that is, an insulation resistance
is sufficiently high and the voltage Eo is sufficiently low.
On the other hand, the insulation of the internal ac power

25 line in the refrigerating unit is estimated on the basis of



20 - circuit between the container housing and the power connection
term nal of the conpressor notor 23 is.normal, a resistance’therebetween,
that is, an insulation resistance is sufficiently high and the vol tage Eo
is sufficiently low On the other hand,  the insulation of the Fnternal-aCf;k
power 25 line in the refrigerating unit is estimated on the basis of ™
-7- the voltage Eo before operation of the conpressor notor control relay
23. The output voltage of the high voltage generator 6 is normally dc 500
volts identEbarvﬂiGHSPhEP befpKre Bperadonuenti dhal compukasoenmbasirst er
tester. The voltage a Eo (where a is an anplification degree of the
i sol ation aﬁ%PFF?ngS}a§p Pred to the controller 22 is conpared with a
ref erence val ue En1de%§rnin§d 3% th? i nsul_atfon resistance all owed by the
10 conpressor notor "23° 4B RhER L ERBEVBF: 4hE BiED Veltaggegenras toineb
reference . chde h ece [$.an,ipsylatjon failure in the
conpressorEﬂ%t%éréglgﬁd&gnggﬁa?h%%%dﬁggbiéﬁaﬁaw %b ?bafngedHSn. When t he
controbl er @gsvensieraerihddlaeibANrdister! ¥BEtERN, a failed portion and
an insul ation resistance value are 1 ndicated.

' The voltage a Eo (where a is an amplification

degree of the isolation amplifier 8) applied to the
controller 22 is compared with a reference value Em
determineé-by the insulation resistance allowed by the
10 compressor motor 23 and when the voltage a Eo is larger than
the reference Em, it is decided that there is an insulation
failure in the compressor motor 23 and an alarm indication
lamp 9 is turned on.
| When ihe controller has character indication
15 function, a failed portion and an insulation resistance
value are indicated.
Thus, the controller 22 can measure an insulation
resistance of each of ofher electric devices successively in
the same manner. For example, an insulation resistance of W/
20 each of the condenser motor 29, the eva;orator fan motor 30
and the heater 31 can be measured by operating the control
relays 24, 25 and 26 separately.
A normal insulation resistance is 300 KQ to 1MQ
and thus the high voltage current Io is 1.6 mA to 0.5 mA.

25 Accordingly, the high voltage generator 6 may have



Thus the controllér,22 can nmeasure an insul ation resistance of each of
otherelectric devices successively in the same manner. For exanple, an
insyulatiqn resistance of 20 each of the condenser nmotor 29, the ,
evaparator fan notor 30 and the heater 31 can be neasured by operating the
control relays 24, 25 and 26 separately.-A8normal insulation resistance is
300 [err] to 1MQ and thus the high voltage current lois 1.6 mMto 0.5 mA
25 Accordi ngly, the high voltage generator 6 may have - 8-
a capacity ofa abapacily ¥ cabqput 0 nk GOPwbldas.dd b0 |omldts nclrudd nip axd
sem conductor switch such as an inverter, it nust be ensured that a '

wi t hst and vol inRfiding e &P teHIUC tF sY high FUdD®@S/ gin sinerter, (it

A-di ode 10 is connected across t?e resjstor 7 to prevent the isolation
anplifier 8 fPHH ff SAVUSY that riant! thatend e liage i bnthe g%t toirels s
extrenely low., Wile th ts, 3a of the ac power disconnection relay
(M3l) 3 are r{'b?rrrﬁlérﬁ/a'%:lug%m ?}ﬁfﬁés’lo enbodi nent descri bed above, '

normal I'y opened contacts {fygde ¢'SE ddhfld fd ddto s TRERHEAL Y 7 to

prevent the isolation amplifier 8 from an excessive current
when the insulation resistance is extremely low.
While the contacts 3a of the ac power
disconnection relay (MGl) 3 are normally closed in the
10 embodiment described above, normally opened contacts may be

- used to effect the same operation.



CLAI M5: (1) An insul ation teéting apparatus of a refrigéraffhg

ma m ' mmul lnl ectric devices ‘mainly consisting of a conpressor, a

I “ﬂﬂ"ﬂ' R ic heater, conprising neans for generating a hlgh dc
voltagé th which & series resistor is coupl ed, swi tching neans for’ - ° <
di sconnecting each of said electric devices froma drive power supply
t hereof and appl ying said high voltage between a power connection term nal
of each of said electric devices and ground successively and separately and
testing means $eAIM85ting an insulation resistance of each of said electric

devices in gccordance wth alcgrrent flomnng betmeen sai d power connection
terninal 14round.. §B)tnsulatpygn; Lesting Arpacatng aﬁpérﬁFGE‘SFratlng

EUEE e S e o e

conprises a JRE di agnhosi s

separat | ng &8afeolsoR] dacheGhEr CallebiCE1 CERFIENGedR LS BBUEFiSYRR! Y 1"
n insulati

response to operation of saild swtch |ng

appar at Us Ohed#n€ efdsrggéaéramﬁgcblnergﬁcaerdbrwage tbawRi &h aVgRrgled said
swi tching nmeans applies said high voltage to each of said electric devices-

by neans ofreonéter i€l eyephed, cont sehsngf means €ont d9kcoahaytiagdea’dn
effect the switching by opening and cl osing of said contacts.

- of said electric devices_from a drive power supply thereof
and applying said high voltage between a power connection
terminal of each of said electric devices and ground
successively and separately and testing means for testing an
insulation resistance of each of said electric devices in
accordance with a current flowing between said power
connection terminal and ground.

(2) An insulation testing'apparatus of a fefrigerating
machine according to Claim 1, wherein said switching means
comprises a self-diagnosis switch, a relay and contacts
thereof for separating each of said electric devices from
the drive power supply in response to operation of said
switch. | \;)
(3) An insulation testing apparatus of a refrigerating
machiné according to Claim 1, wherein said switching means
applies said high voltage to each of said electric devices

by means of control relays and contacts of said control

relays and can effect the switching by opening and closing

a

of said contacts.

“



= 10 - (4) © . “An insulation testing appéﬁatus of a refrigerating machi.ne

according to Cl ainsl,2 or3 whereina vol tage’ val ue across s
reSistor generated by said current is conpared with a ref emmﬂﬂ{ll@u““m”“l
saiNd-testing means for testing the insulation resistance, and fartthem s =
conprising nmeans for indicating i nsul ation'Yatl ure when the insul ation

failure is decided in said testing neans. (5) I nsul ation testing
TR Tererendd 1o Fi gared PO B GnoestiRE FplsTantiaT0s S Fedr 13T ing
’ machine according to Claims 1,2 or 3 whereina voltage value
- ' across said series resistor generatéd by said current is
| compared with a reference value in said tésting means for
testing the insulation resistance, and further comprising
means for indicating insulation failure when the insulation
failure is decided in said testing means.
(5) Insulation testing apparatus of a refrigerating

machine, substantially as herein described with reference

to Figures 1 and 2 of the accompanying drawings.

10 .



