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tEemt.ura to avoid the possibility of oil-sludge formatior to
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upward
necessary w mefully szlect the type of ]ubnant used in these
‘water
content, au, temperature, and metals—studied by Wnlku, Rosen,
and Levy™® show the bad effects of air and high temperature.
2. Oil Additives. Among the additives in

for use are:
emty improvers, (d) thermal smh ity ioprovers, (e} ex-

() rust i
:ganm, "(b) copper plating inhibitors, and (i) oxidation inhibi-
Oils which eontam certain nddmves have given highly aatis-
factory service, and in many cases use is completely justi-
fiable. Not n!.l addmves eonu.nus to be effective in the system,
eince they may eventu retained in the drier, or elsew] in
the system. Additives mayalmbemlublem. £ri and be

{a) pour mdpomt. depressants, (b) floc puml]t:| depnsaanu, {c) vis- -
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hon system e.nvu-onmeng the fullowmg fu:mru must be cunsn3
Phy:waL Do d)ey soften, dissolve, d.mnv.e;raw? T
de-
gradc thm.r dxelectnc properties without any ot-ha’ lppﬂenc

i effects
¢. Chemical. Do they i) ﬂ:ﬁhn
gumnmvmmentwthsdemment of their phymmlmd
ectrical properties? -
2. What is their effect on the refri system n
The following wtor!munpomnt, fmmaeont.ummtsvww
point t.he f
"b blex 0 the refri

uyxwm envuunme.nﬂ If it does, what are the nature of thme

removed from the oil, and d
additives have been known to eontn’buw to the dogangol clpil-
lary tabes.

solubility? Will th depom. an adhesive-cohesive mass
in ¢

Pour
Emu are genaaﬁomrep:ded mt.h susgl:gn beunse of question—

, are bene~
ficial and significantly improve
haad, the user must be alert to the pmslgll.\ty Lhat additives may
wi in the system.®
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Hermetic Motor Insulation

In motors the magnet wire covering, used in windings, is
the primary electrical insulation; it may be a continuous film
ofmorpmcre&n,dxeooatedondwmmmdbakedwmuia
i, a oomposﬂe of arganic resin film and fiber wrapping, or a
fiber wrapping over, the bare conductor.

With the ings, which t for t.be
major volume of magnet wire used in hermetic motor con;
struction, many different types of resins and polymers have
been investigated, with polyvmyl fomml fommlahona having

had the d, these coat-
ings have proven sat.lsfactory wn.h Reﬁ‘lgemnt 12 and even
with Refri, 22 within limi d below. Re-

cently, continuous film costings based on a polyacrylic system
and on an isocyanate modified polyvinyl formal system have
accounted for a considerable volume of the continuous film
coated magnet wire utilized in hermetic motors.”

The advent of large sized hermeétic reciprocating systems .

utilizing random wound motors and hermetic centrifugal sys
tems utilising form-wound motors has renewed interest in
composite (organi¢ film and fiber ping) and fiber d

re they subject to temperature dependent .

wmewhm e system? Aretheynpt'oenwr into
di with o of t.he
gystem? -
b. Doea the ial euter into degradi 1
deleterious to the refri, tion tan!if it dom, wn.hmt.ha -
mumpamdo t are the nature of these -

ting limits,
reactions and what are the degradation producuf
e Doﬂtbematgnnlmeunnnmachng
dation other el f.h e T
system environment?

Despite the promise inherent in newer materials, eellulose

ht;daq;ru-

is still a major factor in the ground and phase insulation of -

both large and small random wound motors due to its emnomy
and serviceability if properly utilized. When cellulose is
employed under conditions where its performance capability
limits are apt to be exceeded, its effect on the refngemhcn
system environment must be given consndemmn As is well
known, thermal d dation of even p ydmted
cellulose will yield large ts of mot

gases, tars and other objectionable contaminants,” It should
be kept in mind that cellulose and substantially all of the
newer synthetic insulating materials are of organic origin and;

therefore, less thermally stable than metallic or inorganic-

matenalsusedmot.herpartsofd}esysm .
Exceszive overheating causes chemi (depolymer-
ization and actual d position) which d des the physi-
calpmpemwoftheres:musedformmungandu
. Failure through embri is the most frequent

conductors. The most utilized scems to be a polyester glass
fiber wmppmg over a polyvinyl formal film coated conductor:
The major volume of sheet insulating material, involved in
slot liners, wedges, phase insulation, and tie point insulation,
is at present divided between s high quality electrical msul&-
t.lon gmde paper and polye'.hylene femphﬂmhfc film. -
Is also -involved in the
construction of the motor include the tie cord, which may be
en.her a specul]y treated eotwn or gynthetic fiber; the lead
which is a composite system; cheet
mxulatlon in tape or sheet form used in wrapped coil con-
st:uctxon and f.he final impregnating varnish which must be
i for patibility with thé other mzulnh.ng
mtennls in addition to lts performmee capability in um
refrigy system t. Of these the lead wus
insul system exhibits the variety in
utilization including: heavy multiple layer cotton or synthetic
fiber braid; cotton of syntheti¢ fiber braid over an extruded
elastomer ;acket woven glass fiber varnish impregnated;
and synthetic fiber braid over & polyethylene terephthalate
film.

olactri |~"|

ial shouldbe

All of the organic
given careful scrutiny on two pomfa e

result although the ing of ls and ishes by
Refrigerant 22 certainly is often a cause of conductor shorts

_and hence failure. However, thermal degradation is:always

associated with an insulation failure even though xt may not
be apparent at the time of mspechon

The wd which may develop in an operating system has a
very fi effect on cellulk motor insulation Amd
causes loss of strength, embrittlement, and eventual
of cellulose. For example, it has been found that electrical
insulating paper exposed to 0.026 percent hydrogen chloridé
dissolved in an anhydrous organic liquid for three hours at
150 F was not charred but had lost more than 90 percent of its
strength.” In this experimental work by Elsey and
Flowers® has indicated that Refrigerant 22 reacts at 257 F to
form hydmchlonc acid when an acid acceptor is present. Th!s

ds at lower but at prog;

slower rates. Electrical insulation paper was t.be acid awepwr
in their work. These tests, conducted in glass tubes containing
Refrigerant 22 and electrical insulation paper held at 257 F
produced a darkening and loss of strength in the insulating
paper. At the end of four weeks at 257 F the insulating paper
would crumble to powder when removed. Elsey and Flowers
believe that the tion between cellulose and Refri t
22 is the factor which lumt.s t.he temperatures applied to the

1. What is the effect of the refri
on their p capability? Of

idary im; pamnoe' noe to this

motor dings in b Y
The nonhy ic ch of polyeth

4 ()

" terephthalate in the modern h

Contaminant Control'in Refrigerant Systems

ate films, relative to paper, results in shorter and more effec-
tive dehydration cycles and the absence of a tendency io
contribute moxsture to the refngemuon system under ab-
normal op diti However, a thermopl defor-
mnhonpomhsadeﬁmtedmdvmta.gemuseoﬂ.bmﬁhn .
These films, like most polyesters, tend 'to suffer degradation
of their properhes by hydrolysis degradation reactions if water
is present in sufficient amounts but ‘the quantity of water
uuedweﬁectsenou.sdegmdauonhasbeenshownwbem
excessofﬂmt lerable in the age refr 8 a.a
A recent paper by Bushouse® presents data to show that
polwthylene terephthalate films tend to suffer an accelerated
in the ofu-.rmm' hols and particu-

larly with hanol at el within' the
range of operating bermetic motms. The pmcf.\oe of relymg

uponevensma.[l ts of of bols for
i ditions - thus b

subject to cntu:xsm when the prevalence of polyet.hylene
ic motor is

Care should also be obmrved t.hm. _the polyethylene

hthalate film of the lower

molecular weight polymer molecula which exhibit a tem-

pemtum-dependent solubxhty in mineral lubncsung oils and

tend to precipitat at
lower than t.hose expenmeed in the motor. .
A corona disch due to i of the gas sur di

aa electrical conductor also causes insulation breakdown.- It
has been found that Refrigerant 12 decompaoses in the presence
fu_] electrical discharge to form chlorine. Befngemnt 22
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Table 4 .... Effect of.Liquids on. Polyvlnyi Formal Type
ere Cogting*4 .
" Mo Efect - r..g.wm. ot
Ca.rﬁom’.m— Taluens Mﬁ@hh€2l' Chlomfonn:_
chlori . . ®
Refrigérant 11+ | Methyl ether Rdngmnt'n Tr:cg:lm-'
Refrigerant 12 | Ethyl Aloohol Me'.hylene ) Y
Refrigerant 13" Mﬂ&hylch!mde‘
Refrigerant 114 Acetone
Benzene - H Chlorobenzene
Kerosine Methyl * °
Redri o
Pet.mlzu.m ether
Ethyl ether _

'Atxmhm

volume resistivities. The higher conduchvxty of wire eoah.ngs
saturated with Refrigerant 22 i impose limitations on the motor
designer, particularly for h.rger sizes and higher voltages.

Motor Bumouts : L

The final result of hermetic mot.or insulation fmlure isa
motor b During b and arc
dlschn.rgw contribute to severe detennranon of the insulation,

ts of carb sludge, acid, water,

14, Refrig 114, and 8
The chlorine is a highly reactive material and attacks t.he
insulation or reacts with other materials such as oil or metals
that may be present in the system. The corona efféct depends
upon the voltage gradient which exists between ‘the motor
winding and ground. It has been determined that it does not
normally occur below 1000 volts RMS. Surge voltages in '.h:s

ing large |
and other contaminants and severe deterioration, of the re-
frigerant and oil, producing highly corrosive inorganic acids,
organwmdaandcarbonaeeouasludgu Inmanymthe
products of the bumout escape into the sysfem and cause con-

range and higher have been reported to occur

during start-up of a motor. Therefore during start-up aind per->

haps under certain abnormal conditions corona can bé & factor
in insulation breakdown.

With certain combinations of wire coating and refngemnt,
excessive softening of the wire costing can oocur due enmely
to the effect of the refri Wire !
to both Refngemnt 12 and Refngemnt 22 and most wire

ings, as well as i varmshm,areauftenedby
Refrigerant 22. The extent of softening varies greatly from
one material to another and the extent of the damage is a
function, not only of the chemical nature, but of the degree of
curve. This softening is frequently a contributing factor in the
failure of the insulation. The details of this effect on a specifié
polyvinyl formal wire coating formu!ahnn aregiven in Table 4.

Unfortunately, the phase-t st of

siderable difficulty. in, cl p. If these d ition prod-
ucta are not removed from the sysfcm, add.\t.mnal imlu.res of
t motors can be withi

There is no universally a.wepfed méthod for cleanmg xys-
tems following a motor burnout. Many of -those in use are
modifications or combinations of two gerieral procedures—
flushing with liquid Refrigerant 11 (or Refrigerant 113) or
temporary installation of n suction line filter-drier or suction
Line filter. Flushing with the cleaning Refrigerant is most
effective if the solvent is recm:uhted through the system by
memsofamenhamcalpumpunmtheacxdsmdsludgem
removed. In the one-pass methods, thé cleamng Refrigerant is
forced through the lines using compremed air, nitrogen or
other sources of pressure. This method may be adequate for
mildly contaminated systems: However; in cases of exuznsnve
contamination, the one-pass method may require; ‘extessive

ts of thc Jeaning refri or not pmwde suﬁ'mumt

ni

y
using Refrigerant 22 is not an- mdlcatlon of the presence-of

. The mstal!ahon of & wmpomry suctio filter-drier

moisture. By measurements on actual re[ngermt rystelr
and Divérs® have found that 'in air or, under
vecuum the phase-to-ground resistance for a pnmcular com-
pressor motor was about 20,000 megohms. When Refrigerant
22 was added the phas&m-gmund resistance dropped wnﬂnn
seconds and in five mi was only 68
levehngoﬂwlowl5megohms.0nﬂxeotherhmd -8
similar experiment involving Refrigerant 12 indicated &
eharp phase-to-ground resistance drop to 2000 megohms and
within five minutes a recovery to a platesu of about 10, 000
megohms, These experiments’ revea.led that the: polyvmyl

formal i ble to both refrig and thit the fifdl
Dbase-&o-gruund rws'.anee dlustmted that the two ‘Tefrigérant
lved had - disti dlﬂerent

ta the new from acid, sludge, and finely .
d.mdzd carbon that may be-in the system after barnout.
Normal" circulation of the refrigerant brings*these containi-
nants to the filter-drier during the first few days 6f aperation.
When the contaminants have been collected, -the suction
filter-drier .is ‘removed and normal operaf.wn is continued.
This procedure-is applicable to most uni nndpenmtst.hc
mxseofthemfngemntmsumeuses. .

In

nants dsts of .freq
of a high-side filter-drier.: -




