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FIG. 1,

Electromognetic pump for
the SIR's primory coclen! system
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Testing Eleciricol Insulotion
for Use in Gammo-Roy Fields

Submarine Intermediate Reactor's coolant pump will be subjected to gamma-rays

from sodium.

Tests of voltage breakdown, mechanical properties, and ges evolution

of irradioted samples indicate that a silicone-resin-impregnated mica and glass

tape insulation will be satisfactory up to 10* rif it is not in o sealed container

By CLIFFORD MANNAL
“Knolls Atomic Power Laboralory®
Schenectady, New York

Erectricar ixsuratioy used in the
Submarine Intermediate Reactor's pri-
mary-coolant pump will be subjected
to gamma radiation from the liquid-
sodium coolant. Thue, development
bas required study of the effects of
bigh-energy gamma radiation on elec-
trical insulation. This article reviews
the important finding:.

Pump. Figure 1 shows the electio-
magnetic pump that will circulute
liquid sodium in the reactor’s primary

® Operated by the Genera! Tloctric Co.
for the U. S. Atamie Fnergy Connnissing,

Veol. 12, Ne. 6 - June, 1954

coolant circuit (-8) Laminated mag-
petic structures just above and below
a l-in-high, 24-in-thick duct in the
pump are encrgized to move the sodium
by the interaction between the mag-
netic field and a large current that
flows across the duct.

Insuletion. Because the sodium be-
comas thermully hot and intenscly
radioactive during ite passage through
the resetor, the stator’s insulition is
subjected both to high temperature and
intense gammu radiation. Pump re-
placement will he difficult and costly
once the reactor has heen in operation
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for an appreciable time. Thus it is
important to preserve and predict
insulation life.

Experience with mi  and glass
has shown that the, possess exe
ccllent radiation-resistant qualitics,

Although , the higli-temperature re-
quirement diefatcs an inuflation stiue.
ture with as littls orgonic matesi! as
pussible, some organic binder must Le
addetl to provide neces<ary mechaniz g
properties. It appeared that a silie
cone-resincbased varnish would be the
most likely candidate for this appliea.
tion. Thus, the major portion of
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study has Leen on cither glass and mica
structures impregnated with silicone
resin, or on silicone resin films aloue,

Sources

Table 1 shows the radiation sources
used for these experients. In the
SIR, theinsulation will Le subjected to
primary gammas of 2.76 Mev and 1.38
Mev. Tast neutrons will Le present
at an intensity 10,000 times lower than
the photon flux. Although it was
desirable to subject the test specimens
to an identical fiux, no such source is
available. Thus the difficult v ~blem
of extrapolation between quite dis-
similar sources was faced.

Rote effect. It is customary to as-
sume that the significant parameter is
the total enc:gy absorbed by thie mate-
rial as mecasured by the integrated
dose (7). For small total dosages and
for low rates, this scems true in many
cases. However, the equivalence of
a dose delivered at a very high rate to
the same total dose delivered at, say,
one-thousandth of this rate has defi-
nitely not been proved. There is evit
deuce that measurably different re-
sults can be obtained. However, this
study assumes the equivalence of equal
doses independent of the rate of
accumuiation.

Beto-gommec  equivclenze. Since
the primary effect of electromagnetic
radiation of the energics under con-
sideration is to produce Cozipton
recoil electrons in the material, a direct
equivalence between beta.and gamma
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irradiation is fairly justified. As long
as the clectrons appear in the material
with 2 given energy, it is not tvo im-
portant how they got there or how they
received their eneigy.

Neutron-gammo equivclence, Pre-
liminary experiments indicated that
2 combined neutron and gamma flux
is much more destructive than the
gamma Sux alone. This caused reac-
tor irradizlions to be of limited utility
for these tests,

Dosimetry

Accurate high-level dosimetry was
needed to determine accumulated doses.
Further, because much of the insula-
tion was (and will be) wrapped around
copper and surrounded by iron, it was
desirable te determine the actual dose
received by the insulation in situ.

A ferrous-ferric sulphate solutioa
dosimeter was used most. PVC dye-
impregnated films (§) were extremely
convenient for ineasuremeunts very
near the conductor bars: A scintilla-
tion counter also was used (9).

Samples

Irradiations «vere conducted on four
kinds of samples: a facsimile stator,
voltage-breakdown samples, abrasion
bars and resin films.

Figure 2 shows the disassembled
stator courtructed with 2 winding that
simulates the insulation of the clectro-
magoetic purap. For assembly, the
stator was slid into an asnular con-
tainer and a wuiertight cover was

TABLE 1—Source Characteristics

Oplinum Approzimale Ambient
Source sample size dose rale Normal Changes

GE Res. Lab, <£2ipn. dia., 10t /br (8)° 20* C air possible
extern. beam 0.040 in. thick

~1
Oak Ridge 6 in. long, 100 r /b ) 20° C air difficult
reactor 334 in. sq. or 10'* p/em?/sect

2in. dia.
Brookhaven 6 in. long, 5 X 10°r/br (v) 160-180° C  difficult
resctor 314 in. sq. or 5 X 10" p/em?/scet  air

2in. dia.
HEW disch. 8 in. long, 1-2 X 10 ¢ /br3 20* C water practical
fuel elem, 13§ in. dia.
MTR disch. 10 in. long, 8§ X 10%r/br; 20* C water practical
fuel elem, (3) 3 in. sq.
KAPL5,000.c 6 in. long, 2 X 10% r/Lir§ 20° C water practieal

Co* sourge (6)

—_————

® 0.8-Mev peak sinusoid t Fission spectrum.

sad 1.17 Mev.

1}{ ia. dia,, or
annular volume

0.5 X 10*¢/hr

¢ Fission-product spectrum.

§133

bolted in place. The entire asscinbly
was placed over the Co® source and
the winding cucrgized to obtain normal
magnetic vibratory forces and copper
temperatures.

Voltage-breakdown samples, con-
sisting of narrow bars of glass-cloth
laminate impregnated with silicone
resin, were wound with nicke! foi! and
covered with 2 few laps of mica-tape
insulation using SR-32 resin as s
binder. A number of these specimens
were placed in the center of the Co®
pit in & gas-tight aluminum container.
These were periodically removed and
an external aluminum foil electrode
wrapped around the outermost insula-
tion. Voltage applied between this
and the central foi! was used to break
down the insulation.

Abrasion bars were pieces of ¥§-in.
square aluminum approximately 4 in.
long on which mica 1aid on glass-tape
insulation was applied.

Thin resin sheets (10-30 mils thick)
also were tested. They were made by
easting and curing resin filns oo
metal plates. = rod

Electrical Effects

The quantity of primary interest was_
the ability of the insulation to witk-
stand applicd voltage after s large
accumulated radiation dose. Figure
3 shows the results of such a test.
Unirradiated samples failed at break-
down voltages between 6.6 and 10.7
kilovolts. This range defines the nor-
m.] range of variability of the samples.
On the basis of three samples broken
down after 2.4 X 10%r/hr irradiation,
po reduction in voltage biezkdown
was detected up to 1.2 X 10*r. This
indicates that the insulation will he
satisfactory for the SIR pump.

The liberation of large numbers of
electrons by gamma absorpiion con-
ceivably could provide initiators for ap
avalanche process. Breakdown then
would occur at lower applied Selds
(10-12). Figure 4 shows 60-cycle,
short-time voltage breakdown oa For-
mex-insulated wire (Formex used for
experimental convenicnce) at room
temmperature. The fact that voltage
breakdown for irradiated specimens was
substantially the same as that for spec-
imens not under irradiation indicates
tbat electron-liberation las a very
minor effect for the case of interest.

A further experiment to shed some
light on this process was carred out
using the exterpal electron beam
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FIG. 2. Test stotor whose winding simu-
fotes electromegnetic pump stator
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FIG. 5. Current possing through resin films o3 function ef occumuloted rodiction dose

facility. .Two thin films of resin were
contained between very thin outer
sluminum foils. As shownin Fig. 3, a
centra! foil was maintained at a posi-
tive potential and the current fow [rom
the central foil to ground measured on
8 microammeter. A certain number
of the incident electrons terminated on
the central foil and thus produced a
static current in the circuit and de-
ereased the total sensitivity of the
experiment. If the insulation had
changed from an essentially non-
eonducting to a conducting state under
the influence of the radiation field,
there would have becn an increase
in current as irradiation continue!
Such an increase. was not observed,
and it was concluded thit the #pecific
resistivity of the material dild not
undergo a catastrophic decroase for
irradiations up to 2 X 10°r.
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silicone-resin curve is broken because
a second sample of difierent thickness
was used.

These results were corroborated by
measurements on the stator windings.
Resistance and power factor measure-
ments o unirradiated insulation and
on the stator after 6 X 10*r are within
the ndrma! range and actually show a
slizht improvement after irradiation.
This is undoubtediy due to the evolu-
tion of water and solvent vapors and
to additional polymerization.

Although power factor measure-
ments have been used extensively to
determine changes in moleculur strue-
ture (13), our extensive measurements
from low aundio frequenrics to the
megaeyels range on thin films of resin
in various stages of irradintion showed
no consistent variations. In spite of

The_ its case of applisation an! non-destrue-

tive nature, this technique was not
fruitful for the resins of major interest
at this time.

Mechanical Properties

The mechanical properties of insu-
lation are next in importance to the
electrical properties. The evaluation
of which mechanical properties are
pecessary, and to what degree, iz a
question that has never been settled on
a quantitative basis.

An empirical method .of evaluating
comparable kind: of insulation is pro-
vided by an “abrasion tester) (14-12).
The total nuriher of turns required fer
a striking and rubbing mation fo cause
failure is 3 measure of the abrasio re-
sistanee of the insulation. Figure 6
gives results of tcsts on specizoen:
irradiated in the Oak Ridge and Bronk-

haven re:\ct('rs4 :'I‘Ir‘ ge:rrd Ao:cla‘
‘ N
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sions are that mechanical projarties of
siliconc-resin-and-mica-tape insulation

TABLE 2—Summery of Gos Evolution from Verious Semples

Sample are not particularly affected by 30-dasy
irradiation at 1060-180° C, Lut ¢0-day
Dielectric . prradiation at this temperature gieatly
Quantity brealdown Cable coil Stalor reduces mechanical strength.
g 1t is generally felt that insulation
Resin wt. {gm) R 4 89 should withstand thousand: ¢f turns
Added heat eure before before failure and any that witlstand
irradiation . None None 24 days; 140° ¢ only a few hundied turns will not be
Comparison with pump ) satisfact?r)'. "I'hc si;nil’nc:\‘nce of l'gfs
windiog Similar Very diff. Neariy ident. of nbras’non resistance as relates to e
: of the insulation aficr the insulation
Radistion {rere Con HEW slugs Con has been installed will depend to o very
Irradiation (equiv. avg. ' ’ large degrec on the individua! piece of
pump days) 170 400 €3 equipment. Lyuipment in wlich io-
Irrad. temp. (°C) 25 25 & sulation has reached a conditicn that
Total gas evolved (em?) 54 8.7 982 \\.'ould give a very low ahr;_slon-.e-
Gas factor (em?/fe 0.033 0.49 0.16 Siiatie mismeamenl tad i N
day % gD Ly . . . reliable service under severe conditions.
& Thus, this cnange in abrasion iesistance
Gas retention by insul. » ~uld not be interpreted in terms of
structure High Negligible Moderate proportional deciease in insulation life.
Gas analysis (CH, = 1) The behavior of the phospl.oasbestes
CO; Trace 0.46 2.5 paper (shown as a range of values) is
H, LB None 4.4 extremely interesting. This material,
G, None Nooe 1.1 i~ tially poor, appamently suffers Do
g"'l‘" ::9 . ,‘r\:e: Q:: L furthe: deterioration and iu it fiza!
Major uncertaintics Degree Mass spectrom. Corr. for leak, | e?_ndmon o apparcn.ﬂ) roupecior te the
of cure anal,, rad. level' gassing by top silicone resin and mig ‘tape.

The entirely empiric. results of the
sbrasion tester and the inability of 2
device of this kind to evzluate the
“aeak link” (i.e., the resin) in the in-
sulation structure has led to 2o investi-
gation now in progress. It is believed
that more useful informaticn can be

gask io stator can

TABLE 3—Goses Evolved® fiom Impregnotedt Gloss Tepe During Gomme
Irrediotion? ;

Hy(%) CH{%)  N:orCOw)  Cuby(s) that » ean
derived from study of penetratizn times
Catalysed Sized InN3; Intec. InN: Invec In rac. InXs Intee Ofstyliio thic films of resin Lradiated

by the externa! clectron beam.

Yes  Yes 495 359 393 406 2.7 110 159 Gas Evolution

ol R i - - S 6.9 121 ruigially it was believed that coo-
No No 17.5  10.4 29 136 3.8 9.6 703 giderable insight into mecharisms of
No Yes 15.9 10.7 30.4 19.1 4.9 53.6 65.3

decoruposition could be obtained by
study of components present in the
resin ofi-gas. Table 2 summarizes the
first data obtained. Two facts were
evident: 1, evolution of gas was of
sufficient maguitude to cause concern
in a sealed container; 2, the “signa-
ture” of decomposition products was

® Approximately 0.0 em? gas evolved per gm of resin, both in nitrogen and in racuo.
Nitrogen pressure over fimples sealed in N: = 150 mm.

1 With 3.25 wt. 7 zinc octoate eatalyzed SR-32.

$ 4 X 10° r accumulated dose from discharged MTR elements.

TABLE 4—Gos Evolution from 102 mm Films of SR-32 During Pyrolysis

Temp. Esolution rate E substantially different from one sample

*Time - *C) (10~* liter /min) Com position to the pext. TWhile some small diffes-
ences in degree avere anticipated, the

15 min 90 0.5 Methyl trimer, tetramethylsilane differences in kind that were observed

: and low mol. wt. silanes scemed beyond any reasonatle limit.

ig v lgz L & l.I o A £ A systematic appreach ¢o the prob-
. 2 % Celly, 4 1.0, 170 trimer  Jom wae taken by attemptivg to isslate
70br . 135 0.0042 05 CiH,, 4% trimer R e
b i significant variables as showa in Table

3 hr 150 CeHq, H.O, eyclic trimer, tetramess ) ooecaal. 3
16 hr 220 30% C.il, 3. One of the presumed variables is
. 204} hexamethyltricyelosilane the. catalyst, _i“ this ecase :'bout ?}1

weight % of zinc octoate ad lad during

59 » 2 1415 195 Jume 1954 nucLeonics
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final formulation of the resin to “body "
*it. As the resln ages, this zinc octoate
will break down providing some free
sinc and cctoic acid. Thus the com-
position of the resin was to some extent
s function of time, and it was expected
- that the catalyst might be partieularly
vulnerable to dizintegration under ir-
radiation. Another variable related to
the sizing alieady on the glass tupe be-
fore impregpation with the resin.
Examination of the data shows o
substantial difference hetween the sized
and unsized samples. In one instance,
compzrison of the nitrogen and vacuum
atmosphere results shows a disciepancy
that seems to be considerably beyond
experimental error; in all other cases
the agreement between the nitrogen
and vacuum atmosphere is good.
There is o marked difference between
the catalyzed and uneatalyzed results.
These results were obtained at a time
when the total ga: preszure could not
be measured, and it i* not po“ih!r to
tell whether the results differ beeurse
the percentage corposition /’ i
whether the cata !\ /--rl resi
produccs much more hyds ;,'-n.
Whatever the dificrences, due to the
variations exhibited in Table 3 the

Vol 12, No. 6 - Ju.nz, 1954

process is substantially difierent than
,that which the resin experiences in
pyrolysis.  Table 4 follows the decom-
pontxon of an extremely thin film of

sin depesited on the inside of a
qx.:.rtz bulb (17, 15). Extenszive low-
teraperature degassing was undertaken
prior to the pyrolysis. The molecular
fragments obzerved as a function of
time and temperature are entirely dif-
ferent from those observed as a conse-
quenceof irradiation. It seems reason-
able to conclude that the thermal and
radiation degradation processes are es-
scatially different in detail.

-

This article is based on & paper prescnted
at the Radiation Dz inge Corfcmta Oc’:
Rudge Nationn! Laboratory, Mareh 2;, 1953.

It is @ pleasure to ackroulcdy: the csifsts
ance of numerous essocictes. 8. 5. Jones
was responsidlc for correctnest o dosimelry
and for procurcment and many of the do'ails
of the Co* pit; H. Rudel, E. L. Mircher,
J. W. Ryan. and L. F. Weards!, of thG. E.
General Engine-ring Latoratory, carricd ont
many of ths les’s and grepircd gl erayzed!
eameptoar €, Doyle pugponec t he SN22 »viin;
B, B Lewigor MTE, W, Por.” gt ENL,
0. Sisman ¢! C. D Bopyp 1t ORNL geyield
o tAe vae of Foclitive wt their ecs; P H.
Kilein aeststed in the gas analy i’y proilem;
H. Mattraww  poformed  nnmgrony  mnags
spectragraphic analyezs: D H. Ware and
R. Biuidy of GE's Small and Modivm Mator

Depertment had samples prepz-od erens'ing
o factory procedures; E. Fiynnend K. Mgthes
coniriduted to numeroy: dn"crnim:: relet ng
to propeities of commercial ingwlgtions: A.
Pletenil took extended datz relating to paer
Jactor and the penciration of irarlinted PYastic
films by means o siy!i; E. J. Lewto of
GE's EKescarch Leloratary irrediated r.ifn
sampes with the 0.8-Meo penh externa’ ¢lic-
tron beam facility; R. Dev-s of GE s Genorz!
Engiveering Labaratery designed and eone
structed equipment; C. S. Hofmann gnd R.
Waskhurn helped build the penelration dei'ce,
and P. Zemeny supplicd pyrolysis date ]
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FAN DRIVE MOTOR
for

REACTOR CONTAINMENT BUILDING
VENTILATION & COOLING SYSTEM

The proposed unit will be a squirrel cage induction motor, totally-enclosed,
wvater-cooled, with torque and current characteristics typical of NEMA design
B, suitable for driving & fan or blower. The specific horsepower, speed,
voltage, and other characteristics for the particular application are listed
at the end of this description.

The construction is designed to keep the expected ambient atmosphere from
contacting the bearings, windings, rotor and other internal parts of the
mucor during normal conditions, and during the accident conditions described
with the specific motor rating.

Exclusion of the ambient atmosphere will be accomplished by a positive,
preesurized, rubbing seal between the bearing housing and drive shaft.

Enclosure -

Stator - Double shz:1l, round frame construction, cf heavy fabricated steel,
designed for cooling water to be circulated between inner and outer
shell, in & helicel pattern around the diameter.

Tnclosure - Drive end shield will be fabricated of heavy steel. Opposite
drive end shield will be cest of nodular iron. Shields will
be bolted to the stator frame #nd e seal between the shields
and stator will be made by means of "O" rings at the rabdbet fits.

Stator Core end Windings -

Punchings ere stacked and clamped tcgether securely, by & welded cage, prior
to being interted in the stator frare in the same manner as the typical
Custom construction. (Described in more detail in stendard publications)

Windings are inserted in tne stator core, connected, dbraced and fully impreg-
nated before the core is installed in the stator frame.

The inside diameter of t'e stator frame has machined slots running the length
of the frame. The ribs of the cage used tc clamp the punchings together

extend outside the diameter of the punchings, and these ribs fit in the slots
cut in the stator frame.

1415 197
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Stator Core und Virdinss (Cont'd)
A positive fnturference fit betvecn the stator frame and core is odtainid
by heating the frow: vefore tac corv is inserted.

Insvlction -

Clnes F materinls vhich have demonstrated, by prior, docuzutsd testing, en
ability to retiain suticfactory imsulating propariics affier radiniion dor.gcs
of 101b rels ere used throughout tae stator windings.

Bearin's -

Grease lubriceted, entifriction tzarings ere used. The drive e¢nd hzs ¢
roller bearing. The oppositc drive end has e dall bearing. The bzll beiring
is desipgna2d to take thrust loading. Both berrinss have caleulated livee in
excese of 1C0,u00 hours. A spaecisl grense cuitadble for the rediation tnd
teaperature requirencnts will dbe used.

Rotor -
Rotor punchings ere stacked and clamped together. Rotor bars end crd rings
are nade of eluninum which is cast in the rotor punchinzs.. This is dcserided

in pore detail in standard publications.

Shelt Seal -

The drive end shaft seal is & rubbing double seal unit using waier under e
pressure greater than th2 expected emhient pressure to maintain the seal.
The only yarts of the seel in cont..t with the shaft are two O-rings.

The scal is designed to allow enough axial movement of the shaft to accomodate
shaft expansion.

The secl will be a "John Crane" DBL type 8-1 as manufactured by Crane Packing
Company, or equal. The seal design will be tested for the pressure, tonper-
ature humidity and chemical conditions which ere spscified for post-accident
operation.

1415 198
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Terrninel Connactore -

Teruinsl eomnecctors vwill bz ceranic insuleted bushinge, similer to spark
pluzs. Turended civds vill be provided for connection of usere main pover
ctble end seccssery viring. Connections for cecessories will be brought
out at & different locstion from main porer connections. No conduit boxes
ere furniched.

Accessories -

Tempareture Detectors: Thermocouples will ve mounted on the inside
of the fraze to measure temperature.

n

Moisture Detectors: 2 moisture detector will be mounted on the bottox
of the freme to detect condensation buildup or
seal leakage.

3. Space Heaters: Low voltoge single phase space heaters will be supplicd
to maintain internsl temperature slightly ebove enmbient
tempsrature during motor shutdown periods.

L. Vibration Detector: A vibration switch will be mounted on the motor
to detect excessive vibration Separate electricel
connections to this switch must be made at instal-
lation since it is externally mounted on the motor
frame. Typical switch is Robertshaw Vibraswitch or
equal.

Test -
1. Seal Test: To be performed by seal menufacturer.

2. Standard Motor Tests:
1) Running light current
2) Resistance (stator)
3) 1 phase impedance at 1/4 voltege
k) Running light watts
2; Hipot test
Cold insulation meggar
7) Observe undue noise ] 4 ] 5 ] 99
8) Air gap measurement
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Quality Control

A complete quality control procedure in accordance with MIL-Q-93552 and
DECAS requirements ie in effect in our factory. Additional procedures will
be set up as required for special features of these specific motors.

1415 200
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MOTOR DATA

HP - 150/75
RP4 - 1200/600
Volts - LLO
Service Fector - 1.0
Temp. Rice (by resist) 80°C
Space heater voltage - 115
Load WK2 - 3000 1b. ft2
Overhung load 1200 1bv @ 8"
Method ¢f conn. to load - fan to be mounted on motor shaft
Axial thrust capacity - 800 lbs. continuous, 3000 lbs. momentary
Ambient conditions:
Normal: S0°¢C
50%
15 psia

Accident: 1500C
100%
70 psia
plus chemical solution spray

Cooling water temp. - 35°C max.
Cooling water pressure - 150 psig max.
Cooling water pressure - 7O psig design

Bearings - Drive End - Roller - 222
Opp. Drive End - Ball - 319

1415 201
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Class H Insulation
for
Kuclear Radietion Apilication

Turn Insulation:

wusdruple coated arcmatic polymide (QML)

Ground Insulation:
Wrepped or taped with a combinstion of mica and glass.
Coils are dipped and baked with a silicon resin varnish.
Connections:

Wrapped or taped with a combinetion of mica and gless.

Wedge & Filler Material:

Sheet silicone glass cloth, staple fiberglass base.

Coil Bracing Ring: (When required)

Steel wrapped with a glass and mica silicone treated tape.

Coil lie Material:
Continuous filament glass cord treated with silicone
resin varnish.

Finish:

The finished stator is given multiple dips in silicone
resin varnish and baked after each dip.

E.N.D.
11-15-68
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STATOR CONMNSTRUCTION—PRE-WOUND CORES

STATOR

CUSTOM 8000" MOTORS AND CGENERATORS

y ol

——

\

SUMMARY

Pre-wound stator cores increase the life expectancy and
reliability of General Electric Custom 8000 moiors and
generators. Improved quality is gained by the compleie
accessibility possible during manufacturing.

Semplified u-iudi.:jv combined with the rugged core and
frame, more than adequate bracing, and thorough penetra-

CONSTRUCTION

High-grade silicon steel, carclully selected for lower
elcctrical losses, is used for stator laminations. The
laminations are assembled on a2 mandrel between a top
and bottom flange. While the assembly is held by a
compressive force of more than 30 to1s, heavy longi-
tudinal straps are welded to the end fianges and form a
rugged cage for clamping the laminat'ons.

Space blocks separate sections of lamina ions to pro-
vide a path for circulating cool ventilating air. The air
ducts correspond with similar ducts in the rotor and
are strategically placed so that incoming cool air is dis-
tributed evenly over the entire length of the wound
core. Unifurmly cooled stators minimize hot spots and
result in longer insulation life.

Cores are completely wound belsre they are inserted
into the frames. Free access to the windings permits use
of the optimum bracing system and permits complete
visual inspection of manufacturing operations. This
wound-core assembly. impregnated to form a fully sup-

S$'elar core

tion of the bonding agents, easily verified by inspection and
test, produces a reliable machine.

Rapid replacemgnt or repair, should this become necessary,
is an added advantage of pre-wound core design. Many
purchasers siock a core for gack-up protection because the
design of the machine males replacement of cores easy with @
minimum of costly down time.

rted rigid structure, contributes to longer machine
ife even in the most severe applications.

Pre-wound cores have lifting lugs permancntly in.
stalicd. No special tools are required for handling.
removing, or replacing the core in the frame. Actual
experience shows that pre-wound cores can be replaced
in less than two hours.

TESTS

Assembled cores are subjected to both static and
dynamic tests. To assure rigidity. forces are applied in
increments of 500 pounds. Deflection and stress measure-
men*s taken along the entire length of the stack verify
the ruggedness of the core structure.

Drop tests are also used. Here, the sample core is first
dropped horizontally, then on end, and then at an angle
s0 that the core strikes the surface at 45 degrees. These
tests show that the core used in General Electric machines
can take impact loads without distorting the stack. Cores
built to prevent dimensiona! instability virtually elimi-
nate abrading of the insulated winding from this cause.

POOR ORIGINAL .
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Stater core in frame
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ROTORS-FOUR OR MORE POLES 4
CUSTOM B00O" €:-8200 FRAFMES |

SUMMARY

General Electric induction motor rotors arc designed to
meet the cxaciing requirements of starting duty, high
peripheral speeds, electric pulsations, and thermal con-
tractions and expansions d,z:n'ng normal operation. Ad-

vanced casting techniques and modern equipment combinc
to producc @ uniform high-quality rotor. Simplificd con-
struction, @ mimmum number of perts, and contivious
quality assurance audits contribute to reliable performance.

CONSTRUCTION

Simplified construction, a key factor in reliable rotor
performance, requires a design with minimum numbers of
parts and materials. In the Custom 8000 design, one-
piece punchirgs eliminate the conventional spider and
thereby eliminate fits and tolerances between the spider
and the rotor laminations. The result is a rigid stack of
punchings that reduces vibration problems caused by
difierential thermal expansions.

The punching has large air passages to distribute air
throughout the rotor assembly to cool the entire core
structure uniformly. Radial air ducts channel the cool
air through the i stor punching uoemblr and around the
squirrel-cage bars. The rotor ducts are aligned with siator
ducts so that the rotor acts as a centrifugal blower, forc
ing air through the stator.

Advanced casting techniques and modern equipment
combine to produce a uniform high-quality rotor squirrel
cage. Molten aluminum is forced through cl slots
in the rotor punchings to form the solid, one.piece
winding. The special casting techniques prevent voids,
thus assuring windings of high conductivity and excep-
tional mechanical strength. The use of aluminum
throughout resulis in a lighter-weight rotor with lower
stress concentration under centrifugal force.

Integrally cast fans on the squirrel.cage end ring pro-
vide efficient air circulation and conduct heat from the
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squirrel cage to the air strcam. Closed slot construction
in the rotor reduces noise by presenting a smooth un.
broken surface.

The finished rotor structure is shrunk on a high-carbon
steel shaft which is sized to withstand the stresses. Fin.
ally, each rotor is machined and dynamically balanced.

RELIABILITY ASSURANCE

To maintain the uniformly high quality of Custom
8000 rotors, materials are constantly subjected to in-
coming quality assurance audit, and both matcrials and
finished products are subjected to exhaustive tests.

Each rotor is dynamically balanced prior to assembly
to give vibration-free operation. Balancing is later verified
when the assembled motor is tested.

Rotors of this construction were subjected both to
raised temperature and overspeed tests up to 6000 rpm
which tested punchings, end rings, fans, and balance
weights to three times normal operational forces.

Tests were conducted not only on the materials and
rotors individually, but also on the complete motor
assemblies. Subjection to more than 50.070 plugged
reversale under carefully controlled laboratory pro-
cedures produced no rotor damage, no movement of
the punchings, or disturbance of machine balancc.

.~ POOR ORiguy

T~y 1415 208

Typicel cost eluminum retor

GENERAL D ELECTRIC




