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II

INPROKICTION

History, Electromagnets as the operating force for electrical
relays were first conceived znd operated hgssoseph Henry in the year
1835, These relays were operatev by direct current and only after the
yesr 1686 when the first alternating current distribution system was
installed was severe difficulty experienced in thelr use. In attempt-
ing %o sprly alternating eurrent to the relays which had been so sucw
cessful on direct current, these early pioneers discovered that severe
chattering ocourred. Attempts wers made to reduce this chattering as
early as 1895 when a patent was sllowed for the use of a shading coil
to delay part of the flux of the pole of the electromagnet. These
zttempts were partislly successful in that the relay chattering was
reduced sufficiently to allow the relay contacts to rem=in closeds 4s
years progressed little was sccomplished toward providing dzts for the
design of shading colls for relays« 4t the present time the litersture
available is not very extensive., It is conventionul for modern de~
signers to use purely experimental techniques in determining the best
size or shape shading coll for & particular relsy applicstion in order
to reduce its chattering to a tolersble value. It is for this resson
thot this investigation wss undertaken. It is an attempt to provide
experimental data for usge in conjunction with present theory toward the
end of supclying #esign relationships to relay designers thus enabling

them to sttzin optimum relay performance.
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Investisotion Jechnigue. In order to perfors this investi-
gation 1t was felt that the use of several magnetic cores would be de~
sireable. Each of these was as neurly identical as possible to the
others except that different sized slots were made in the pole faces of
each so as %o zllow chenges to be made in the shading colles. Shading
coils were constructed of three different materials and in two basic
shapes. Varying thiocknesses of #=0ih materisl and of eaoh shape sllowed
data to be tsken for seversal curves. Readings of input power, noise,
and phase angle versus force and shading coll thickness were taken.

The curves plotted from these data show definite minimum nolise points
which represent the best shading ccil design for that particular condi-

tion of operation.

The investigator is indebtad to ir. Hudolph
Hensley for his zaid in preparing the apparatus for test and to Prof.
We he Murrsy for bis valuable suggestions and his cooperation iam ob-

taining the squipment needed,
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SEVIEW OF LITERATURE

The imerlcsn Standard definition of & relay states it is “al
device that is operative by a varietion in the conditions of one electric
circuit to effect the operation of other devices in the same or another
electric circuit.” whcv irregular pull due to the variation and re-
vexrsals of flux In & single phase solenocld give rise Lo excessive noise
and chattering unless & shuding coll 1s used, This coil takes the form
of one or more loops of wire of relatiéeiy lar:e section embedded in a
slot in the face of the pole end or the end of the armature so as to
embrace evout % or 2/3 of the polse area. This loop behaves like the
short circuited secondary of s transtformer, and the flux witnin the
shaded portion of the pole, f,, lags in phase @ degrees behind the flux
in the unshaded portion, f,.+ It may be seen from figure ons that the
resultant pull does not at any time pass through szero. Figure two shows
the shading coil placed on the pole of the electromagnet with the re-
sultant flux distribution as indicated.

“Relay Englineering® & by Charles A. Packard discussed shading
coils and states that in addition to reducing hum or chattering the shadw
ing coil also imtroduces gonsiderable heat loss. Unless the shading
eoil is very carefully designeu it is possible that a conslderaile por-
tion of the input power wili be absorved by it.

In his book 6“331333 and Electromagnets" B, W. Jones states

that "the shaded flux area should be approximately three or four times
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that of the unshaded flux area.® In the light of work done on shading
eolls since the writing of this book including that of the investigator

it is spparent that this statement must be qualified to include many
variables, This makes it possible to use the figure of three or four
to one for ratio of shoded coil area $o unshaded pole area only where
certain specified conditions of electromagnet operation exist and
nullifies its use as a general rule.

Frevious investigations have been made on methods of prew
dicting optimum shading c¢oil design. One of these was performed in the
year 1938 by ~Leonard 4i. Loggett and Franz S. Veith. Penusylvania State

College published a bulletin entitled "Desizn of Shading Coils for Alterw
nating Current EZlectromagnets " oa their work. Ia this investigation
tesis were periormed ou two electromagnets which were removed from two
three phnase, 10 horse power, induction motor starting compensators of
1910 %0 1915 viantage. Thus two electromagnets of identiecal mamafscturs
were available. In the one the plunger had no shading coil andé in the
other the plunger was eguipped with 2 copper shsding coil. It wes found
tﬁat tihe shading coil used by the manufscturer had a resistance of
0,0003 obms. By replacing this shading coll with & coil of four times
the reéiatause of the first, or 0.0012 ohms, it was found that far
better performance of the electromagnet wag obtained. The designers of
1916, however, did not know this. The extent of their knowledge was

that some decresse in nolise might be had by using a shading coil.
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In designing a relay for wse on alternsting current the usual
technique of choosing proper values from the standpoint of the force re-
quired, the size iron core to be used, and the hezat dissipating ability
required must be used. In addition two questions must bo answered as
followa:

1. %hat is the optimum ratio of shading coil flux to

unshaded area flux?

2e What ig tne optimum value of shading coll resistance?

The aunthors state that they hove verified the stztement mude
by 5. ». Harwood in his book "Control of Llectric Motors" thet & ratio
of shaded to unshaded arez of two to ons Las besu found best., This |
ratio is closer to that determined by the lnvesilgator than that pro-
posed by B. W. Jones6 but the ratio is still too high aud saouid lise
somewhere between two $0 one snd onag to oOne.

The asuthors also state that results of one test performed show
the added pull on the magnet armature dus Yo tie shading ooil and thet
this added pull availsble under closed gap coaditions has no commercial
value., Tae Ilnvestigator found thot there is value in having this ade
ditionsl pull in that 1% 45 this pull that is uwtilized to hold the
switch or valve in the poeition desired aud thst the nolse is greater
if this closed gap rull is not &3 largs o8 possible. Thus over desizn
of slectromegnets should produce gquleter performance. This difference in
conclusion 18 due to tﬁe investigator perforaing tests on noise versus
pull whereas the suthors of thic paper dld not performe siuch tests using

difforent forces on ths armature of the magnet.
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From tables in thie paper the value of shading ooll resistaznce
for best operztion is glven for different total pole areas and for dife-
ferent alir gaps., Tho machining of the relsy used by the investigator
wzs such that an air gup of five thousandths of an inch may be assumed,
This 1s based on figures obtained by the suthors of this paper. Ilata
appesring in this paper appllicable to the electiromagnet tested by the
investigator is given as followes

| 8 T length of air gap = 0.005"

Ay # 4z (total sres of the pole fa0e) m 1.125 square inches

Bge (shading coil resistance) = 1200 micro-ohms (from table)

From graph #6 by the iavestigator the best size shading coil
for noise reduction is 1/16" % 1/16" copper crossection and total
length equal to 33 inches.

Tais reprasents z resistance ofy

Re Rl «_ 000 (1(15)
A A & 3 6
(16){16){0.7854)(10)

= 1210 x 1278

ohms

The comparisor of this 1210 micro-ohms with the 1200 micro~ohms
of the table sihows the agreement between the best shading coll resistance
a8 obtalned by the investigstor and that proposed by the authors of
this paper. This can only be considered to be apyrcximata agrecment,
however, since the constants utilized in the equations could vary con-
giderably from those cnosen. The air gap 1s & very uncertain figure as

1s the resistance of the shading o811 since its temperature at times is

much higher than room temperature.
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Another investigution has been performed by . T. Bvans on
48hading Coil Caleulations for Single Phase Magnets. This peper was
published in i.I1.E.E. Trunsactions in 1947. The shief value of the work
dons by C. T. Evans was the establisbment of an slectrical analogue
which could be used $0 ropressat the aggnetic circuit of an electroe
megnet, Thus the lavorious proces: of maehlialog magnetic materials to
obtzin desired changes in the electromagnet for sxperimental purposes
gouldé be avoided, DSimply by changing the relative vzlues of resistance
in ths analogue variations in the original eleciromaynet and its shading
coll could be synthesized, Xo extensive datc was developed by this
means sinee the rain purpese of the author was to present tals snalogue
method as & tool for further investigation by those interested in shode

ing coil design.
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THE TaVESPIGATION

Bethod of Brogecure, In investigating the effsot of chunges
of shading colls on electromuznets four identiekl transforzsr corves
were used. These are shown in figure three. Lach core wus cut by a
milling machine across the top 80 a8 to allow tha "U" shaped section
to serve as the electromagnet base and the ga31l stroignt section to
serve as the electroms; net srasture. A réma?ahla coll was coanstructed
on a satisfactory non-magnetic coil form so that it could be slipped
outo esch slectromagnet core as desired. Wae:n as:gndlad ench electro~
maegnet appeared as shown in figure foure Toe binge was comsiructed
of a discarded copper kulfs switch amd was fitted on eaochk electromagnet
a8 1t was tested. & frome wes coastrucied of wood asz ghown in figurs
five. .iB each electrons,net was {ested i1t was wolisd to this frame
which In turn was clanped t0 o tsble. The hook on the sraature of the
electromagnet wus used to attaon the scale wiich was suspenwed from
the ceiling to allow & foree %o be applied 4o the srmature tending to
open the magnet.

In order to investigats the phagse relaticuz of the fluxes
ocourring in the shuded and unshsnusd portions of iae pole two sezrch
coils were ocounstructed a5 saown in figure six. Thess wors inserted
betweon the core and srmcture of the electromognel in such & panper
that one of the search coils coversd the unsheadsd portion of the core
and the other search coil covered the shaded portion. ESince the two

coils were identical fhe relative msgnitudes of voltages produced by
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Electromsgnet Cores

Hm 3.
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Figure 4. Total Electromagnet Assembly
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Pigure 6. Electromsgnet in Wooden Hack



Pigure 6.

/8

Pole Flux Search Coils
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them was & measure of the relatiounsihip detween the flux existent in the
uﬁshadea portion of the pole and the flux in the portion of the pole
surrounded by the shading coil. Figure seven shows the searoh coils
inserted betveen the armature £ud pole of wne electromagnet in such &
way that the voltage ocutput of one c¢oll represents the flux in the une~
shaded portion of the pole wnd the voltags output of tue other coil
reprecsents ths fluz in the shaded portion ol the pole.

The shading cuils shown in figure eight were carefully con=-
structed on 2 millin, moechine within close tolerances. The nmaterisls
used were bronze and copper. Tae brouze wus mads up in two forms, one
of wovegulde having a 1/16" wall thickness, and the other of flat
bronze. The copper was ads up in two forms but the flzt copper used
wan only one size waersss the wavegulde sections of copper were of
identical dimensions to those of tne bronze wuvsgulde. By varying the
lengtn of bronze aau then copper waveguide in 1/32" steps duts was obe
$ained to show the effect of changing shading coil resistance and material.
The flat sronze was varied ian thiockness und datu was token to allow
gouparison of valuss for different sihaped shading colls made of bronzeé.
The flat copper shading coil, which consiste. of oaly the one plece 1/18"
thick, sllowed comparison betwseen fiat shading coils of different
meterizls for just one value of thickuesc. ¥o more fiat copper snading
coils were out however, since hs curves produced by the fiat copper
coils in comparison to the flat bronzs would bear the szme relation ss

the copper waveguide surves 1o tne bronze wavegulde curves.



Figure 7. GOearch Coils in Flace on Electromagnet
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Pigure 8. Shading Coils
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In addition %o varying the thickness of the shading c¢oil and
material of which 1t was made the relaiive arez of pole included by the
shading coil was varied by using four differeat slectromsgnet cores
each having tue shading coil slot cut at ditfersut points on the vole
fuces

Finelly, veriastioas were made in ihe force apilied to tae
msgnet srmature teauving %o force the glectromagnel 056

Tias by varying shadine coll thickness, shading coil material,
ratio of shaded to unshaded pole sres, and the force tending to open
the electromegnet, all of the conditions which would normelly affect
the design of an slternaiing current electromwgnet had been selectively
changed and corresponding date takten. Curves plotted from these data
show very well the eifects of changes ¢f tiese 9arameteré.

48 & reiuld 00 Gouang et mede In these puroneters dats were
taskon on power input, phase aogle uetween shaded snd unshaded portione
ot the pole, suu nolse producau by the electromagnet for each condition
o operation. Tae power input was resd oa 4 westou modsl 310 watimoeter.
Wolse wae cetermius¢ by us.ng & «8stern Kleeiric ZJound Level Heter, Type
B4 331 as 1llustrated in flpure nine, it was declided by the iavesti~
gator thet reductlion of nolse produced by au clterazting current
slectromagnet would be thne ultiauts sim of its desisuer sisce this noise
would be objoctionable ror two resasous.

The first of tuese 1s where tne sleciromegnet iz to be usead
at a relatively guiet locstion and any uoiss prodused by it would have
adverse effects on surrounding equipment or persounnel. An example of

this would be in a magnetic motor starting box. I such a box were
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located nesr & machine operator or ia an otherwise quiet room a consi-
derable amount of operstor fatiguve night be atiribuied to the eleciro=
megnet of the motor starting box.

The second reacon thalt solse would use obJjeciionable is bused
on the fact that woere there is nolse there must slso be vibration.

Tone vivpration nas vecn xoowas 0 hsnuer the maguetic Tuces of the pole
apd srazture out of shuaps to such an estenl as 0 make the magnet ine
operafive.

Both of these objections were evalusted very weil by obisline
ing the noise produced by the elecironugness by meanv 0f the nolse
metors Core was faren to use & voor in walch the baskground noise was
minizum by takring rosdings at night when the usual cotivity of the
wiectricsl Fugineeriu Lsboraiory did not interfers witi tuese resulig.
Other shading coil desiyxn iavestigators have usocd viwration pickups to
determine the vitration of tne eleciromsgnet. it was felt by the ine
vestigator that the nolse melor woull serve more satisfzciorily since
coupling difficulties whielh occurred on the vibration picikup were not
axperienced on the noise meler due o the lack of a physical conuection
wetween the eleciromagnet sud the noise weter.

The yhase dn.le relation petween the {lax of the unshaded por~
tion of the electromagnst pole and the snoded poriiou was uetermined by
photographing tie Lissajous patterus ovtained on an oscillioscopo. The
room wag placed in fotal dorkness daring tbe tive pnotographs were
$oken, in inexpeusive cwmersa with an £7:7 lons woeb wzegd by attaching

to it an auxiliasry lsuns removed from & war surplus oomb sight. The
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Figure 9. Noise Level lMeter
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camera was nounted on a wonuen frame azituchec o the oscillosgepe in
order to assure proper focusing for all pictures. & olug filter was
ueed on the cuners fo reducs the hase surrouading the waveliorm beinug
otaarved, The curers wizia ite mounting brocges oitucueu te tiie ose-
cillnscope 1s shown in figure 10.

-

Lissa
angle 0f one volisge compersa to wnotnore The relevence voltage may be
applied to thae horizoatul coflection plates ol tiue vsclllioscope sud the
voltege wacse phese relotion lg $0 bo deterndust ig apiiec tu tac
verticsl deflection 1&iCs.

Figure 11 snows typlculd Lissajous peitiern sud tne wannsr in
wiiech the phase srngie uvetweeun the two gpplied voilsges wis obiuineds
Lats was teken Yor graam: number one es snowan in tevle owe. IV was
noted thet chemping the force tending to pull the elsciromsgnet open
0id not change the phasy relotion between tne flux srouuced by toe ube
shaved portion of the pole sud taut plouucsd uy the shaued poriion of
the poles

iisouscion of Lurves. Graph one 8nows tae gnnse relation bo=

tween tie flux prouuced by the wusasded goriion of tue [0le and thet proe

duced hy ihe shudeu portion Lor fue flat secitlon oproasze suioing coil.

The sneding e0ll wns Llirst pizcsd la the bop 0 %iw 5i0% «nd thea in the
botton ané very 1ittle dilference wad noled in tae pusss 2a;le deteramined,
Fron this 1t moy ve concluucd fass the didfercaces ia plase sngle netween
placinog ths shuding coll in the top oy tioe slot aud in the dotiom of

the slot is safficieantly lausignificaus 0 be ignored from sn engineer=

ing stoandpoint,



Figure 10. Oscilloscope with Camera Attushed for
Taking Photographs of Osgilloscope Patterns.
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TABLE 1. PHASE ANGLE CHANGE FOR FLAT SECTION BROKZE SHADING
COILS I 3/16" x 3/16" SLOT IN CERTER OF POLE

APFLIED VOLPAGE 120 VOLTS, 80 CYCLES

Coil Thickness Input Current Phase Angle
ia inchea in smperes in degrees

Group &, Coil in bottom of slot

0 1.61 O

1/82 1.51 4,62
1/16 1.62 676
3/32 1.62 9.96
1/8 1462 13460
5/32 1463 18,08
3/16 1.83 18,85

Group b, Coil in top of slot

0 1.59 Q.

1/64 1.59 2460
1/82 159 3.82
%/64 ‘ 1.56 5ed?
1/16 1.58 678
5/64 1.56 5.86
3/32 1.56 9.69
/64 1.58 10426
1/8 1.58 13457
9/84 1468 15,05
8/32 1.58 16.88
11/64 1.59 16.73

3/16 1.60 19410
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Curve two shows the relsation between the thickness of the wuve-
guide shading eoll and the phase angle between the flux produced by the
shaded and unchaded cortions of the pole for two different materials.
Trom these curves it is seen that the copper produced a greater phase
shift than the broange for squivslent thicknesses of shading coll. In
order %o obtain as much phase shift with the oronze coil it mast be
approzimately 1.8 times the area of the copper coll, This should ve
in the same reiuntionship as the resistivity of ths bronze to that of
copper and 1s sporoxinstely so.

The rhage angle data were taken by measurin: the intercepts
07 the Liszajous patterns with the horizontzl and veriicsl axes. In
2ddition to these datz nhotographg were teken for sach 1/16" variastion
in lengyth and are sihown in figures 12 through 24. The diagonal straight
line represcnted the zero deyree phase angle conditlon and as ths phsase
zngle ineresnsed dus to the use of thicker shading ooils 1t may be seen
from the figures that the eliipse minor diameter increasseds Thie indi-
cotes s Incrassing valug of phase shift.

Figure 25 ghows the sins waves of voltage in sugh search ooll

o
"

for a 2" long conper shading ooll and figure 26 shows the asine waves

of voltage for a zero laugth of shadins eeoile. Thus tune phaso shift for
the v sopper 201l may be observed by noting the engular difference Be-
tasen the nerizont:l sxis injsrcept of the ons sine wsve wilth refer-
encs to the other in sach ghotosraph. This angle is aporoximsately

Lxongy ceven degress for the " gouver eoil. Trom Gutz for graph

» o - 3 <
navyer two the phase angle was 23.8 for the ™ thieikr gopper waveguide.
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TABLE 2, FHASE ANGLE CHANGE FOR RECTANGULAR WAVEGUIIE SHADING COILS
IN 1/18" x 3/4" SLOT IN MIDILE OF POLE

APPLIED VOLT.GE 120 VOLTS, 60 CYCLES

Coil Thickness Input Current Power Input Phase Angle
in inches in zmperes in watts in degrees
Group a, Copper Waveguide
0 063 1846 Os
1/32 0.54 20.0 1¢64
1/16 0s54 , 2340 4.69
5/88 0456 26,0 6472
/8 0458 2645 8.45
5/82 0460 , 27.5 10.24
3/16 0480 , 310 12,06
7/82 063 316 12,33
1/4 Ceb4 2945 14,83
9/32 0466 30.0 15436
5/16 0.69 A 29.6 16456
11/32 0.70 , 29.6 1745
3/8 0.78 _ 29.5 19.20
18/32 0474 ‘ 3045 19.67
7/16 0476 2946 19.90
15/32 076 2940 20.30
1/2 0.78 29.0 21.68
17/32 0.78 2845 22,10
9/16 0.80 , 2845 19.47
19/32 0.80 28,0 20400
6/8 0480 27.5 19.57
21/32 0,80 2748 : 19.80
11/16 0.80B 27.6 21450
23/32 04806 27.0 22,70
3/4 0.81 27,0 £3.80
Group b, Bronze Waveguide
0 0440 1545 O
1/32 0.40 19.0 1,08
1/18 0+40 20.0 3.02
3/32 040 22,0 4.17
1/8 050 83.5 5e22
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TABLE 2 (Contimued)

h

Coil Thickness Input Current | Power Input Fhase Angle
in inches in amperes in watts in degress
5/32 0.50 26.0 8436
5/16 0,50 2640 9.42
7/32 0.60 27,0 10.47
1/4 0460 28.0 11.00
9/32 0460 29,0 12.26
5/156 Oeb4 31.0 12.65
11/32 064 29.5 14.06
3/8 0.66 29.5 13,90
18/33 0.70 30.5 16466
7/16 0.70 30.6 1626
16/32 0.70 3045 16485
1/2 0470 3040 16485
17/32 0.70 0.5 17.46
9/18 0470 3045 18.88
19/32 0.70 30.6 20430
5/8 0.76 30.5 21.10
21/32 0.75 0.5 20.90
11/18 0.78 3045 21.16
23/32 0.80 ek 21.76
3/4 0.80 30.5 23.80
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Figure 12, Lissajous Pattern for No Shading Coil
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Pigure 13. Lissajous Pattern for 1/18" Copper
Waveguide Shading Coil
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Figure 14. Lissajous Pattera for 1/8" Copper
Wavegulde Shading Coll.
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Pigure 15. Lissajous Pattern for 3/16" Copper Shading Coil
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Pigurs 18, Lissajous Pattera for 3" Copper
Waveguide Shading Coil.
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Figure 17, Lissajous Pattern for 5/16" Copper
Wavegulde Shading Coil
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Plgare 18. Lissajous Pattern for 3/8" Copper
Waveguide Shading Coil
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Figure 19. Lissajous Pattern for 7/16" Copper
Waveguide Shading Coil
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Pigure 20+ Lissajous Pattern for #" Copper

Waveguide Shading Coil
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Figure 21. Lisssjous Pattern for §/16" Copper
Wavegulde Shading Coil
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Pigure 22, Liseajous Pattern for §/6% Gopper
Waveguide Shading Coil »
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Pigare 28. Lissajous Fattern for 11/16" Copper
Waveguide Shading Coil
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Figure 24. Lissajous Pattera for " Copper
Wavegulde Shading Coil
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Figure 26, Flux Sine Waves Applied to Blectronis Switch
for " Copper Waveguide Shading Coil



-

Pigure 26. Flux Sine Waves Applied %o Elecironic Switeh

for No Shading Coil
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It may be seen that due to difficulty of measarement of phase angle for
the two sine waves considerable error existed in thst measurement com=
pared to the more sccurate Lissajous pattern method.

Figure 27 is the Lissajous pattern for the 3" bronze wavegulde
shading coll. Comparison of figure 27 with figure 24 shows the phase
shifting effect of bronze compare¢ to copper for equivalent size shéd-
ing coils, Very little difference is observable partially dus to the
small seale of fthe photgrarh. From fhe data for graph two it may be
observed that the " bronze coil produced a phase shift of 23.6° where=-
2§ the i copper coil produced s phase shift of 23.68°, This verifies
the photographic results obtained.

The values of phase shift obtained by the investigator were
gonsiderably lower thun those obtained by others as representing the
best shading ceoll designe. The best sngle suggested by several authors
is approximately 60 degrees., The maximum shift obtained by the in-
vestigator was approximately 23 degrees and this repregented a far
larger ehading ¢oil than was considered the best design from dats taken
later in the investigation. The searci colls were placed in an in-
sulating material one eighth inch thick so that{ the sssemdbly would be
rigid ss shown in figure eight, “hen this assembly was placed between
the pole snd armature of the glectromagnet, ns shown in figure seven,
the pole and armature were prevented from coming together by the thigke
ness of the search coil assembly. Apparently this influenced the phase
relation of the flux produced by the shaded portion of the pole and thatg

produced by the unshaded portion by sllowing some mixin. of these Zluxes



Figure 27, Lissajous Pattera for 3" Bronsze
Waveguide Shading Coil
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in the air gap. This caused the voltages induced in the search coils
to show an apparent phase angle considersbly less than that sotuslly
cccurring. Using seareh colls whieh surrounded the portion of the pole
being investigated but in the shading coil slot instead of in the air
gsp would more precisely messure the phase angle.

Although the phase angles shown are in error in their absolute
values the value of one angle compared to that produced by a change in
the electromagnet is still satisfactory in showing the relation be~
tween phzse angle and the change made. The investigator was only ate
tonpting to find relative values sc the data do ssrve well to show
these relationsnips.

| Corrections would have been made for this apparent error but
the orror was not discovered until the investigator had made a library
pearch at the Franklin Institute in Philadelphis, Pennsylvania. This
wag & conslderable time after the originsl dats were tuken by the in~
vestigator and the facllities of the Virginis Polytechnic Institute
Electrical Eogineering laboratory were no lgnger convenlenitly avallable
to the investigator.

Graphs three and four show the effect on power input and noise
output of verying the thickness of the shading coils made of flat bronze
and bronze wavegulde respectively and varying the force {fending to open
the electromugnet., In general the statement may be made that as the
force tending to open the magnet incresses the noise produced by the
magnet incresses. Another Way of saying the same thing is that as a

particular magnet s requirsd i~ exerst more force to operate an electricsl

contact or 8 valve the ghattering of the slectromsgnet will increase
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TABLE 3. POVER AND NOISE CHARGE FOR VARIATION IN THICKHESS OF

FLAT BROKZE SEADING COIL IN 3/16" x 7/32" SLOT 1N CENTER OF POLE

AF¥PLIED VOLTAGE 110 YOLTS, 60 CYCLED

Coil Thiokness Input Current Fower Input Koise Output
in inches in amperes in watts in decibels
@Group a, Opening Forces Z.5 Pounds
0 040 14.0 79,6
1/64 0,43 19,3 72.0
1/32 0.46 26,0 6845
3/64 0450 2740 700
1/16 0.53 29,3 72,0
5/64 0468 a5 71.5
3/32 0.60 32.0 71.7
7/64 0e62 32.0 7242
1/8 0.64 325 73,0
9/64 0.66 32,6 73,0
5/32 0469 3Reb 7403
11/64 0.70 32,5 7447
3/16 070 3leb 78.6
Group b, Opening Force & Pounds
0 0440 14,0 91.7
1/64 Oed2 19.0 73.3
1/32 045 2640 67.5
3/64 0.50 27.0 68.7
1/16 0.53 31.0 7545
5/64 0.58 30.0 7045
3/32 0.60 3l.5 71.0
7/64 0463 3240 716
1/8 0.63 32.0 72.0
9/64 0.65 3240 72.2
5/32 0.67 Bleb 72,4
11/64 0.68 32.0 72,7
3/16 0470 31.0 7340
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PABLE 3 (Continued)

Coil Thickness Input Current Power Input Hoise Output
in inches in anperes in watts in decihels
Group ¢, Opening Force 10 Pounds
0 0e43 1840 9846
1/64 0.43 19.5 7003
1/32 0.45 24.5 696
3/64 0450 27.0 69.0
1/16 0453 29.0 69.0
5/64 0.68 2945 70.0
3/32 0460 31.0 72.7
7/64 0.61 31.0 712
1/8 0.63 Bl.6 7240
9/64 0463 31.0 7645
b/32 0463 30.0 7840
11/64 0.67 3040 7640
3/16 0.67 3040 7845
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T.BLE 4. NOISE AND POYER INPUT DATA FOR CHANGES IN THE THICKNESS
CF BROWZR ' VEGUILR CHADING COILS IN A 1/16" x 3/4" SLOT IN THE

CEUTER 07 THE POLE., APPLIED VOLTAGE 120 VOLTS, 60 CYCLES

Coil Thickness Curreant Power in Hoise in
in inches in amperea watis decibels
Group 8, Force of 2,5 pounds tending to separate srmature from pole.
0 0.43 1640 8946
1/82 0.456 18.5 87.0
1/16 Q.47 2040 7940
3/32 050 2240 76.0
1/8 0,50 23,5 78.86
5/32 0460 25.0 79.0
3/16 0,66 2546 8040
7/32 057 2846 8040
1/4 0.80 28,0 8045
9/82 0.60 28,0 81.5
5/16 0462 28,5 82.0
11/32 0.83 29.0 82.0
3/8 0.65 29.0 82.0
13/32 0.85 31.0 B2.6
7/16 0.68 0.0 82.0
16/32 0469 29.5 83,6
1/2 0670 29.6 83.5
17/32 0.70 2940 3346
9/18 0.70 - 29.6 84,0
19/32 0.70 290 B2.5
5/8 0.73 29.6 82,5
21/32 078 29.0 83.0
11/16 076 30.0 8346
23/32 076 31,0 8.6
3/4 Q.75 30,0 8445
Group b, Force of B pounds tending to ssparate armature from pole.

0 0.40 1B.5 9240
1/32 0440 19.0 9240
1/16 0440 20.0 88,0
3/32 0e40 22.0 8245
1/8 0450 23.6 8045




T4BLE 4 {Continued)

-y

—
v

|

Coil Thickness Current Zowar Hoise in
in inches in amperes in watts decibels
5/32 0,50 25,0 80.6
3/18 0,80 26,0 B0.5
7/32 0,60 27.0 82,0
1/4 0480 2840 8240
9/32 0.60 29.0 82.0
5/16 0.64 31.0 81.5
11/32 0.64 29.5 8240
3/8 0465 2946 82,6
13/32 0,70 30.6 83.0
7/18 0,70 30.5 8345
16/32 0470 30.5. 8345
1/2 0.70 30,0 8345
17/32 0.70 30.5 84.0
9/16 0470 0.5 84.3
19/32 0,70 30.5 84.5
5/8 0.75 30.5 8640
21/32 0.75 .6 8645
11/18 0478 305 88,0
23/32 0,80 306 8840
3/4 0.80 3046 88.0

Group ¢, Force of 10 pounds tending to separate armature from pole.

o/ \
3
ifls
3/32
1/8

Qe

Q.85
0.58
0469
0,60

Q.60
0.82

0.83
0.63

Geb4

235
238
2640
2645
28.0

2756
2840
27.5
280
29,0

£9.0
SleQ
31.0
0.0
8leb

98.0
96.6
9645
9846
936

880
687.0
87.5
8746
88.0

89.0
92.0
92.5
93.0
935



TABLE 4 (Contimued)

woon

i

————"

Coil Thickness Current Power Hoise in
ia iunches in emperes in watts gdecibels
16/32 066 31.5 9845

1/2 0e66 31.0 96546
17/32 D668 31.8 9640
9/18 070 32.0 9640
19/82 0470 32.0 96.0
£/8 0470 22,8 96,0
21/32 0470 32,6 9640
11/18 0473 33.0 96.5
23/32 0,753 33.5 97,0
3/4 Ce78 336 97.0
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thus producing azn increasing amount of noise.

In sddition %o this it may be observed frum these curves
that a definite minimum noise point exists. It happens that this
also represents s relatively small power input compared to that occure
ring when the mazimum thickness shadling coil was used. A4As the force on
the electromagnet is increased a different sized shading coil is called
for in order to obtaln minimun nolise. This mesns that any electro-
magnet which is used where the force required of it is not always con-
stant cannot have a univeraal shading coll designed for minimum noise
since the eize coil needed for minimum noise varies depending on the
force tending to open the megnet. For such an application the shading
¢oil can only be & compromise between absolutely minimum noise for the
force likely to be encountered most and the minimum noise for the range
of forces required by the electromagnet. The shading coil will then
be too large for the small forces exerted by the electromagnet and too
small for the large forces exerted by the electromagnet. This 1g a2
situation winich must we zccepled, bhowever, where ths ramge of forces re-
guired by the electromsgnet is large.

dost applications of electromagnets are such that the force
requirement of the magnet is relutively constant. Only one correct
slze shading coil exists for sush & megnet &s indicated by the curves,
In these sapplications & decided improvement in electromsgnet operation
gan be realized by using a shading coll which produces this minimum

noise condition.
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By observing graphs three and four it may be seen that the
£lat bronze was more effective tiosn the bronze wavegulide in reducing the
noise prodused. This wss logical in view of the fact that the wave-
guide waz long and had & thin crosseotion wheress the flat bronze wus
short or thin with = crossection such that more conducting material
appeared near the sir gap than was true with the wavegulde. Burying
the shading coil deep in the pole decrezses its effectivensss in re-
ducing noise and caunses the range of coil change over which a fairvre-
duction in nolise 1s achieved to be narrower. This also means tihat a
sheding coll having a high "." or 2 high ratio of inductive reactancse
to resistance 1s to be avoided since the minimum noise condition will
then tend to bhe sharper as exhibited ia curves ﬁhree and four.

Graph five shows the effect of using coprer wavegulde as the
shading coil and varying its thickness for three different forces
acting on the armasturs, As was observed for the bronze shading coil,
increasing the foree tending to open the electromagnet caused the noise
to incresse. The two and one~half pound force did not produce a minimum
noise point less than that of the five pound force as would be expected.
Closer examination of the points, however, indicates that i1f more data
had beer tsken for thicknesses of shading c¢oils leses than_ana thirty
sacond of an inch the minimum noise point would probably have gccurred
at seventy six decibels as wss the cuse on curve four. The curve repro-
senting the nolse produced when five pounds was appiied to the elsctro-
magnet armature gave the same minirmom nolse point ss was obtained on the
bronze waveguide shown on graph four. 48 was previously observed on

graphk three the use of a flat shading coll and a shallow slot was more
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TABLE 6, NOISE AND POVER ISPUT D404 FOR CHANGES IN OOPPER
SHADING COIL THICKNESS IN 4 1/16" x 3/4% SLOP? IN THE CENTER OF THE POLE

APPLIED VOLTAGE 120 VOLIS, 60 CYCLES

Coil Thicknese Current Power Hoise
in inches in amperes in watis in decibels
Group a, Force of 2.5 pounds tending to separste armature from pole,
0 0446 1540 8840
1/32 0,45 19.5 7845
1/16 0450 22.0 80.0
3/32 0,60 2540 8046
1/8 0467 27.0 8l.5
5/32 0.60 26840 83.0
3/16 0.60 29.0 82.5
7/32 0463 31.0 83,0
1/4 066 29,0 83.0
9/32 0469 29,6 83.0
£/16 0470 31.0 82.6
11/82 0.70 29,0 86.0
3/8 0.73 29,0 84,0
13/32 0.73 3040 84,0
7/16 076 30,0 8546
15/32 076 2845 8645
1/2 0.78 2845 87.5
17/32 0.79 28,0 86.5
9/16 0480 28.0 8640
19/32 0.80 £8.0 87.0
5/8 0.80 28.0 87.0
21/32 0480 27,6 87.0
11/16 0.81 27.5 8840
23/32 0.81 27.6 8840
3/4 0.81 27.56 88,0
Group b, Force of © pounds tending to separate armeture from pole.
0 0:63 1845 9240
i/82 Oeb4 20,0 90475
1/16 Oeb4 23,0 8845
3/32 Qeb0 2540 8440
1/8 0.58 2645 8240



3

TABLE 6. {Coatinued)

Coll Thickness Current Powsrx Hoise
in inches in anperes in watts in decibels
5/32 080 27.6 §1.0
3/16 0.80 31.0 7940
/22 0,63 31e5 81.0
1/4 0.64 29.5 82,0
9/32 0466 3040 8340
6/16 0.69 29.5 8345
11/32 070 2345 8440
3/8 0.76 29.5 8545
13/32 0.74 3046 86.0
7/16 076 28,6 87.5
16/32 0.76 2940 8745
1/2 0.78 29,0 87.0
17/3= 0476 2845 6840
8/16 © 0.80 28.6 88.0
19/32 0480 28.0 89.0
5/8 0.80 27.& 89.0
21/%2 0480 278 89,5
11/16 0806 27.8 90,0
23/82 0.805 27.0 90.0
3/4 0.61 2740 90.0
Group ¢, Force of 10 pounds tending to separate armature fron pole,
] 0458 21.0 9646
1/82 0456 24,0 9545
1/16 0456 2645 96.0
3/82 0456 2645 98.6
1/8 0.56 27.5 9Z.6
5/32 0.56 28.0 93.5
3/16 056 2845 9340
7/82 0.60 30.0 94.0
1/4 0.62 29.0 90.5
9/82 0.63 31.0 91,0
5/16 0463 3040 9440
11/32 0.53 310 %46
3/8 0465 31.5 96.0
13/352 0.70 32,0 96.0
7/16 0470 32.0 9645
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TABLE B. {Continued)

wees ——

Coll Thioknaess Current Fower Hoise
in inches in anpsres in watts in decibels
15,’/33 Qo4 : 32.8 98,0
1/2 075 85.0 97.6
17/¢2 Q078 33,0 9845
5/16 0,78 335 9840
19/32 2480 3240 98,8
/8 Ue80 3.5 9846
21/32 0.20 BZe5 9845
11/18 0.80 3o 98,5
23/32 0.1 33,0 9840
3/4 0.81 3340 9840
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effective in reducing nolse tnan the deep narrow slot and the wavew
gulde shading coil.

The plot of data on graph six shows the comparison of the
effect of Ghanging the type of material of which the shading coils
were made. It 1s significant that very little difference is noted
between the minimum noise points for the different materials used.
There 18, of course, 2 difference vetween the thiocknesses of coils
needed to produce the minimum nolse point depending on the material
used and 1ts physical dimensions.

Graph seven shows the comparison of nolse produced versus
force apylied to the electromasgnet armature for two different shading
colls. It is spparent fron observation nf the curves that the bronsze
wavegnulde was most erfeciive in reducing noise. This indicates that
the resistance of the copper shading coll was too low for best re-
duction of noise. The force applied to the slectromagnet caused it to
open beyond the last point on the right for each curve snhown. This
shows that the elecitromsgnet would bheo suitable for service where it
is required to exert a force of approximately ten pounds on the cone
tacts of & relay or on & valve.

The reduciion in noise observed in graph eight as compared
to the noise shown in graph seven is further evidense that a flat
shading co0il in a shallow, wide 8lot 18 superior to 2 long thin wsll
shading coil in a deep slot as represented by the wavegulde coile.
There is no logicael explanation as to why the noise curves crossed
as shown on graph eight other than to sttribute this discrepaney to

erroneous data for the tweaty pound polnt.
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TABLE 6. HOISE AND POWER INZUT DATA FOR CHANGES IN THE THICKRESS

OF BHADING COILS OF DIFFEREFT MATERIALZ IN A 3/16" x 7/32" SLO7 IN

KILDLE OF FOLE.

APPLIED VOLTAGE 120 VOLTS, 60 CYCLES

oy
sk

€oill Thickness Current Power Noise
in inches in amperes in watts in decibels
Group 8, Flat bronze coll, force: b pounds.
0 0450 16,0 87.5
1/64 0.60 18.5 6546
1/82 053 24,0 6643
3/64 0.58 24.0 69.3
1/16 0¢53 24,0 6940
5/64 0.563 24,0 6942
3/a2 0453 24,0 71.0
7/64 0453 24.0 71.0
1/8 0.53 24.0 71.7
9/64 0.53 24,0 72.5
&/32 0.53 24,0 72.2
11/64 0.53 24,0 73.0
3/16 0453 24.0 83,0
Group b, Bronze wavegulde, force: b pounds
0 Oed 14,0 91.3
1/32 0443 18.5 69.2
1/16 0.44 21.6 6440
3/32 0447 24.0 65.7
1/8 0480 2646 6940
5/32 0450 26.0 7140
3/16 0.56 29,0 7240
Group ¢, Copper wavegulde, force: £ pounds
0 0440 14.0 91.7
1/32 0,43 20,6 6340
1/18 0.47 23.5 6640
3/32 0.60 2640 68.3
1/8 0463 28.0 72.7
5/32 0.5 29,0 7346
3/16 0+56 2945 73.7
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TABLE 7. ROIGE AND POVER INPUT PATA FOR CHARGES IN FORCE TERDING TO

SEPARITE POLE AND AMMATULE.

SLOT 1/16™ x 3/4" IN CENTER OF POLE

APPLIED VOLTAGE 120 VOLTS, 60 CYCLES

o —in
ot ot

neiine
————i———— gl

v

I

Foree on Armature

in pounde

Carrent

in ampsres

a——

Fower

in watts

Roise

in decibels

Group a, 5/32" Long

Bronze Wavegu

0.5
0.6
Ceb
Q6
0eb
Qeb
Qb

Copper WGavegu

P8 1]
Q.60
.66
Q.55
0,56
0B
Ce5b

ide shading coll

24.0
2440
2340
2346
232
232
2440
relay opened

ide shading coil

3700
2840
2640
2645
265
REeb
2540

reley opened

7976
BB
80.7
81.0
82.3
8645
92.0

80.5
81.8
82,0
82.0
82,5
877
93.2
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TABLE 8, NOISE AUD POVER INPUT DATA FOR CHAWGES IN FORCE TENDING T0O
SEPARATE POLE AND ARUATURE., APPLIED VOLTAGE 120 VOLDTS, 60 CYCLES,

SLOT 3/16" x 7/32" IN C:NTER OF POLE

Force on Armature Current Power Koise

iz pounds in amperes in watis in decibels

group 8, 1/16" Thick ¥lat Sronze Shadinmg Coil

0 Q.62 2045 7440
2% 0e82 2840 Tde2
5 O.52 7.7 7440
15 0.50 27.7 7342
10 0460 27.6 Tde2
124 0450 27.6 7442
15 050 27.6 7440
20 0.50 27.0 730
23 relay opened

Group b, 1/16" Thick Flat Copper Shading Coil

Q .68 315 Tie3

25 Ce64 31.6 71.2
5 0.60 313 71.3
% 0.60 31.0 71.3
10 0460 5140 71.2
12% 0.80 31.0 7142
15 080 51.0 V58
20 C.58 30.0 80.3

23 relay opened
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In observing the nolse versus force gurves of graphs ulne
and ten appearing &t the top of the pages it may be seen that when
the shading coil embraced one-half the pole eres mininmm noise oc-
curred for hoth the copper and bronze coils. The bhronze shading coll
curve of graph ten, however, represents the best coil for reducing
noise for all forces applied to the armature and this brongze coil is
also superior to the same size copper coll with regard tc its smaller
power consuunption. 4 compromise must always be made between choosing
a c¢oll for minizum power consumption and choosing one for minimum
noise., idinimum power consumption occurrs when there 18 no shading
coil present as shown on the graphs. This also represents maximum
noise. The shading coil of flat bronze in grarh ten thus represents
& good compromise between the minimum nolse and minimum power guali-

fications for shading coll design.
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TABLE 9, HOLEE AND FOWER INPUT LiTA YOR CHENGED 1IN MRS LICLULED BY FLAT

1/16" THIOK COPYER £IL2INu COILS 4k CHANGES IN FORCE THEIDING TO

CEPARATE POLP AVD JBUTURE, SLOP 3/16" x 7/32".

APPLIED VOLTAGE 120 VOLTS, 60 CYICLES

m s e e ]
Force on Armature Current Power Noise
in pounds in amperes | in watts in decibels
Group a, Enclosed Area: 2F Percent of Fole
0 07 1640 74.6
2% 07 16.0 74.7
B 0.7 15.8 82.6
% 0.7 16.0 92.0
10 0.7 19.0 97,0
12% De7 23.0 96.0
14 relsy openad
: A I
Group b, Enclosed Area: 37y Percent of Pole
0 0e6 23.0 8647
2% 0.6 23,0 8645
] 048 23,0 84,0
74 0.6 23,0 8240
10 0.6 23.0 81.0
125 0.6 28.0 8342
16 06 23.6 92,0
19 10133 opened
Group o, Enciesed Areas 6O I'srcent of Fole
o 0,85 3145 7143
25 0464 316 71.2
5 0460 3le3 713
%5 0.60 31.0 71.3
10 0460 3140 71e2
124 0.60 31.0 712
15 0.80 3140 722
20 0.58 3040 80.3
23

felay opened
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TABLE 9, {Continved)

notmrier fosens

.

Force on Lrmature Currvent Power Koise
in pounds in saperes in watés in decibels
Group 4, Enclosed Areas 623 Percent of Pole
0 Ueb4d 4800 85.4
2% 0e80 43.0 84,7
& De7d 41.0 1.7
% 0.72 40,0 81,7
10 Q.72 3948 §leb
123 070 39.9 6240
16 Qa73 3520 81l.5
20 0.70 3940 816
22 relay opened
|
Group e, Znclosed irea: 75 Percent of ¥ole
Q 1e00 £5.0 778
2% 0.94 51.0 1646
6 0.0 49.0 7662
7% 0.69 46.0 78.6
19 D88 47&() 75.5
1245 0.68 4740 7642
18 D.68 4760 el
20 0.88 47.0 7840

o
&

- relay opened
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T)BLE 10. HOISE AKD POYER INGUT DAT. FOR CHARGES IN ARRA INCLUIED BY
FLAT 1/16" THICK BROSVE SHALING COILS 2ND CHANGES IN FORCE TENDIFG
T0O SEPARADE POLE AHD ARMATURE. SLOT 3/16" x 7/32%

APPLIED VOLDAGE 120 VOLTS, 60 CYCLES

S = : — = - - e
Foree on Armature Current Power Foise
in pounds iu superes in waits in decibvels
Group &, Enclosed irea: 5 Percent of Pols
) 063 1540 75.2
2k 0463 10e9 ThaB
E VebE 10.0 8740
7L De63 1640 Ghell
10 0465 219 GGeb
12} Ve 73 2240 9740
14 relay opeaed
{
Group b, ¥nolosed ires: 37 Ferceat of Fols
9 .58 210 82.5
2: .56 1.0 8248
5 UeE6 ZL.0 865
T 58 2140 785
10 Q.65 214U 1-T%
15 ety 28«0 12062
i8 relay opened
|
Group ¢, Enclosed Area: 50 Percent of Puie
0 Q.62 2848 74.0
Bs Ue 2 RO el 7442
& 0.62 2767 74.0
7’%" Qe 27 a7 ?:’5.2
1¢ De20 2766 T4 el
124 De 50 2146 Tée2
16 JebO 2T eb 7440
20 Vebl) 2740 TZe0
23 relay opensed
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TLALE 10, {Continued)
Foros on irmoture Current Power Holse
in pounds in amperes in wetts in decibels

wroup 4, Lnclosed Ares:

Group 9, Enclosged irea:

624y Percent of Pole

De62
Je62
3462
Vel
De61
Je62
Q.62

&30
J2ed
8240
Gleb
31le6
3l.0
Uled
relsy opened
!

TH Percent of iole

0.04
0.62
Q.62
0.82
0480
C.80
0.50

440
36.0
T el
370
8740
SEeb
570
relay opened

84.0
8340
835
53.0
82.0
79.0
7545

755
7540
74.7
74.8
778
803
8946
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CUONCLULIORS

48 @& result of this work severul oonelusions may he drawn

as follows:

1. In general, contrary to popular opinion, heavy shading
coils ars not as effectiva in reducing noise in an alternating
current electromognet &8 those which are smaller and thus have
a greater value of resistance. Thie ocourrs because in addition
to obtaining the greatest shift possidle between flux produced
by the unshaded and shaded portions of the pole the magnitudes
of these fluxes should be sgual. If the sheding ooil 18 too
largse its ericct iz %o lacrenss tug flux produccu Yy that portion
of the pole to such a great extent thut it becomes much greater
in magnitude than the flux due to the unshaded portion of the
pole. In order to prevent the magnetomotive force of the shad-
ing coil from being so large thut its resultant flux does not
become much liar_ er tuas the flux of tbo unsuadsd portion of the
pole it is necessary to incresse the resistance of ths shading
coil. One way of schisving this is to dsorsase the size of
shading coil used, This automatically decrecses the phase angle
between the shaded and unshaded pole fluzes, but less noise is
produced due to the two fluxes being more nesrly equal. Thme
it is evident that & shading coll represents a sompromise bhew
tween what appear to be the ideals of maximum or ninety degree
phase shift of fluzes and equal magnitudes of fluxes. By virtue

of work done by others the shading coil must be designed so that



SO

the vhase angls bafween shaded aand unshaded pole flux becones
approximately sixty dsgrees. The investigator found this to be
aoproximately correct by comparing the minimum noise shading
eoll of hip iavestigation with the coll of best dessign from the
paper by 5Leouar& A. Doggett and Frang Se. Velth entitled "Tesign
0f Shading Coils for Alternating Current ILlectromagnote®.

2. ZBlectromagnet shading coils should be such as to £it
inte & wide snallow 3lot in preference to 2 deep narrow slot in
the pele.

3« Contrary %o results of work by oithers the investigator
found that for minivtuw nolse & shadin, coil should smbrace fifty
percent of the pole arsg of an eleciromuznet.

4. Increc:zing ths force required ol an zlternating curraent
491eetramagnet causes the unoise produced by it to incresse. A
particular shading ooil ¢an produce minlmum noise for primarily
one particular foros tonding to open the eleciromagnet, Here
asgain & compromiss must usually be made betwssn a shading ooil
which produces & sufficisatly small noise over the range of

forces for which 1t is to be used to be considered satisfactory.
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HECOMMEN UATIONS

43 & result or this atudy certszin recommendations regarde
ing work Ly futurc investigators asppesr pervinent. Dhesse are given
&s follows:

1. Bince it wzz ugyoud the scope of this investigation to
produce mathematical rolatiousaips for design of shading coils,
$ong work should ue dons 0 correlate the work done by others
ag discussed in the review ¢ 1idu: ture sestion, with the re-
sults of thls imvestigstion so as to arrive &t more preclse design
dats for eléctramagm@s shading colls.

2e Whis lavestizstion wus congcerned with sheaing coils
for 2lteracting currsent eleciromagnots. Sone affort shoula be
mads to deternmine how conclusions derswn ag a resuls of thie
investigation c§uld ) apnlies to shading coils 25 uszd on emall
shaded pole motors, nud how those teehnicues could éé arrlied

to motor shading o0il luvestligntionse.
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SUMMARY

This investigation has utilized changes in 811 physical parae
meters affecting shaéing coil design to allow appropriate conclusions
to be drawn. These conclusions supplement those drawn by previous
writers snd represent in part phases of investigation not undertaken
before, The availability of several identical magnetic cores a2llowed
more changes $0 be made in this 1nvéetig&tien than was done by others.
The results obtained were good and were partially verifiec by compari-
son with work done by previous investigators.

Great care was taken to insure accuracy both in the prepars-
tion of eguipment snd in the taking of data. With the exception of
three relatively minor discrepancies all dats taken were consistant
and the discrepancies can be atiributed to experimental error without
seriously affecting the other results.

S8ince this investigation was perfoimsd additional references
which were not available at Virginia Polytechnle Institute have been
examined through the facilities of the Franklin Institute Library in
¥hiledelphia, Pennsylvanie. The methods used in approaching the proe-
blem of proper shading coll design as given in these referenses combined
with those of the investlgetor would serve &8s an excellert beginning

for any fuiure research in this field.
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