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INTRODUCTION

There is an increasing demand for small slactric
rotors. Liké large motor practice, thsere should be mctors with
characteristics, suited tc the work they ares to do.

The Shunt and Series Motors in D, C. will do about
all that is required, but D. C. is net very extersively used on
lighting circuits where the small riotor is naturally connaected.

Small A. C. motors are generally of the single phase
induction type with squirrel cer~e motors and a split phase start-
ing windin~ which is thrown out of service when full speed is
reached, by a centrifugal device.

These motors run at only one speed and have a very
small startine torque. Plain A, C. series motors ars also used
.eapecially on vacuum cleaners. Such motors have a very bad power

factor and small capacity for the iron used.

The writer made a number of tests on a small series
motor and tried a compensatins winding, but still the power fac-
tor was low and sparking bad.

Series characteristic is hardly whet is wanted in
2 small motor, the shunt being greatlv preferrsd. The writer's
attention was next turned to the shunt inducticn motor for single
ranss,

Thess have a zood starting torque ani a wide speed
variation, with a power factor near unity. The overload ceprac-
ity i3 also higher than the plain induction riotor. It is true
that the efficisncy is lew, tut thig is neo* such an important

iterr in a swall wotor for inter..ittant use.






Therefore since the writer could find nothing
concerning small rotore of this tvpe, it was thought worth

while to experinent along this line.



THFTORY

The theorv nof the single phase shunt corzutator
motor and the sommon single phase sguirrsl caszs induction mo-
tor is exactly the sane.

The shunt motcr consists essentially of a status
with a distributed single phase winding similar to the common
induction motor and an armature and coizutator simklar tc a
D. C. machine. O0On the COmmutafor ars four brushes (speaking
of a two pole machine for sirplicity) one set parallel to ths
primary winding and the others at right angles. (See Fig. 1).

At stond still the motor is essentially a trans-
fer under short circuit, stator winding primary and rotor wind-
ing secondaryv, shorted across y y.

Thus the stator current nust suprly flux enough
to generate a counter E.M.F. equal to the impressed E.M.F, less
the local stator ixzpedance and belance the M.M.F. of the rotor
current in the transformer axis.

The stator circuit is highly inductive thus the
current I, the Magnitizing current will lag almost 90°behind
the impressed E.M.P., E,. I, causes the f‘lux_ftwhich is nearly
in phase with it.

j£ genérates an E.M.F. E,in both the stator and
rotor; laging 90°. The macnitude of these E.M.F!s varies accord-
ing to the ratio of transformation.

F,causes a current I,to flow across axis y y, de-

termined hoth in magnitude and rhase by the local irmpedance of
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the rotor. The prirmary current I,will then be the resultant
of I,the magnetizing current, and I, reversed, or the vectorial
di fference, (assuming 1 to 1 ratio of transformation). The
impressed E. M. F. & will bs the resultant of a corronent squal
and oprosits to E,and of a component i, z,to over cowre the lo-
cal stalor impedance and i, r,.

Now if the motor is brot up teo speed, thers will
be in E.M.F. Eé(Fig. 3) of line frequency along axis x x, due
to the conductors cuttingé. E,is proportional to & and the
spesd and is either in time phase withor in time-phase oprosi-
tion to f(lux @t,depending on the direction of rotation. Assuwning
it to be in time-phasa with {-. The rotor current I, along the
transformser axis sets up a loakage fieldgin phase with itself.
%4 also censrates an E.M.F. e,in the speed axis, it is in phase
with I,. Thus E,is the vectorial sum of E, and e. The conditioms
along the snesd axis ars those of a transformer on oren circuit
since the Counter Z.M.F. allows only exciting current to flow.
Thus E,causes a current I;laging heavily, this produces a flux
Q,nearly in quadraturs with E,. Q;has line frequency and is
alenz x x or right angles to émechanically. Qg by it alterna-
tions induces an E.M.F., Egalong x x, 90°behindég in phase which
brings it nsarly in orrosition to q,. The vectorial difference
between E;and E,is the E.M.F. required to drive I thru the lo-
cal impedance and resistance. The wotion of the rotor conduc-
tors thru the spaed field @ generates an E.M.F. E,in the trans-
former axis, which is in tine-phase oppositichtCy¢Land.propor-

ticnal to annd ths spsed. Thus E,is nearly in opposition tof,



E,. Egis the counter B.M.F., of the motor. Qﬂalso produces a
leakage flux ¢ coagial with annd.in phasng;. This with the
speed gensrates e, in the transformer axis in phase oprosition

te Iy. The vector sum of E

s E;and o, give E,., which drives I

€
thru the local rotor inpedance.

The limiting speed will be when the counter E.M.F.
F,axd W, °,2nd E,vectorily balance. E,is constant while E/ds-
pends upon the spsed. Now if an external E.M.F, in phrse with

Etor oprosition such as from line or taps Ifrow stator, is intro-

duced across y y, E,will be either increased or decreased and

(U]

thue gzzsl ~ill L2ve to increase or decrease to keer up the hal-
ance. This method is used for speed variation and is used over

wide ranges. See Fi 4.

Again if the spesed field can be increcesed or weak-
ened, E;will be changed and the spreed will have to change to
agein zive eguali™riouw. This can te done by inserting a induc-
tance or capacity along x x. A capecity increases I, thus dg
and E; and reduces sp2ed; an inductance decreases Igthus raises
speed. (Fig. 5).

If I,be radse to pass thru stator ccils elong axis
x x which will either boost or busk Qg, Egcan be changed, thus
the speed. (Fig. 6).

# Power factor Compensation.

The power factor riay bte imnroved by introducing an
E.M.F. from the line or stator in the speed axis. This E.M.F,
E is in phase with Igand QZapproximately and at right angles
with Egand Eg. Thus we have thres E.Il.F's in speed axis. (Feg. 8)

E, causes I and @.nearly at right angles to it. Qigenerates F.

# The Induction Motor--Eayvley.




Laging 90°which is & countsr F.M.F. to the W intvcduced.
Thus alorng axis X X, we have two fluxesjé;and 2.90°0ut of
phase with eech other, therefore they cannot react together
to give torque and change the speed. The conductors cutting
Qigeneratee another spsed E.M.F, E:along the transformer
axis in phase with the flux. E:being at right angles to

the main speed E.M.F. E in the y y axis, they corbine to
form a new resultant E.M.F., Takirg the acticn of this E.VN.F.
K, causes I, in y y exis to flow lazing heavily, thus causes
flux Q:Zm this sxis 90°behind E,. This flux generates E,. in
both the rotor ard the stator, which lags 90°behind¢;or 90°
bshind the counter E.M.F. in the stator equal and cpprosite
to E,. Thus E,and E combined to give the stator resultant
E.M.Fk.éz whichk can be made to seither 1lead or lag behind the
vrimary current I, .

All of the theory connected with Fig. 3 holds

‘for a squirrel cage rotor, the end rings at all times keep
the rotor wars shorted across the respective axis, thus

equavalent to cornrutator and shorted brushes.












SPECIFICATIONS

Out rut about 1 H. P.

10
Voltace 110 60 cycles
Single Phase

Speed near 3600 R.P.M.
DESIGN
Armature

Frow: emall motor practice an armature about
24* diam. and 2" long was selected. Standard punchingzs
can be purchased 2 5/16" diam.}@ round slots 3/8" diarn.

Standard practice of motors of this size calls
for a 5/16" shaft.

For mechanical detail, see drawing. Allowance
was nade for winding by examining armatures of similar size.
Stator

The stator used is ths same as that of any sin-
gle nhase induction motor of two poles.

The area of the air gap is the area of one-half
the armature surface minus the slot area.

A=} (2x.5x12) = 6 sq. in.

Air gap density 223,500 lines per sq. in.

(Standard Hand Book 13,000 lines to 26,000 lines)

Thus 6 x 23500= 135000 or total flux

Number turnes wire

g = E x 10®
K4, f
Where E Line voltage

S narbar conductors in stator

K, Form factor






Ke Distribution constant
ﬁ; Maximum flux

f Frequency

K, for Sin wave 1.11

K,for 2/3 pole face distribtors .2 (Fir.52 Sheldon & Mason)
g _— 110 x 100,000,000 = G30 turns

2 x 1.11 X.9x13Hb0C0x060

Considering 1/10 H.P. as 74 watts and 50% effic-
iency assumed, the imput should be 158 watts. Assuming Unity
Power factor as this type of motor should give, the current
would be 1.4 amps. With good ventilation, using 4C0 cir. mils.
per amp. (Standard Hand Bock)

1.4 x 400 560 cir. rils. area

This is close toaav22 wire, so use No. 22 wire.

With 8 slots,each slot must contain

§§_Q — 85 conductors

D.C.C. wire No. 22 will run 876 turns par sq. in.

€56 =.1 sq. in. aprroxirately

.1 8g. in corresponds to a 3/8" hole.

Allowing 1/16" for insulation of slot and extra
room for winding, makes diameter of slot 7/16".

Round slots are used since they are easier to make
and give greater air gapr area thus greater capacity.

The inside diameter of stator is determined so as
to give 1/32" air gap (Standard Hand Bock).

Outside diameter is determined by end rocm for ceils
and castings.

The nunching are clamped by a 3/16" bolt.

( Sée drawing for details.)






Armature Winding

Designing the armature winding acccrding to the
transformsr E.M.F, N, actual nuiber of conductors on the
armature, the actual nuber turne is N,. Since they are dis-
tributed around the amature, the E.M?F. in each codl is equal
to the Cos. of the angle of displacenent from the position of
Max., E.M.F. Thus the E.M.F. is the resultant as vecturial sum
of E.M.F. sround a circle.

gs nunber turns in one-half the ammature cor from

brush to brush, thus the effective turns would be s

2
Thus, E, = é fe

Assuming 40 volts for the transformer E.M.F.

N

I

. E, /2 10° — 40x1.§1x100,000,000 = 700

700 Conductors én aiﬁature
Z%Q:=57.5 conductors per slot wuse 60 conductors

; 3/8" round slots give an area of .1l sqQ. in.

Allowing 1/32" for insulation gives a net area of about .1 sq. in.
Thus, 60 x .1 600 turns per sq. in. allowable

D.C.C. wire of this size is between No. 21 and ¥Yo.22.
Use No. 22 wire.

With 12 slots and 24 commutator seguentc, wakee 4
coil rer slot of 15 turns each.

(See winding diagram dnd drawings for details.)

This motor was built as designed, but did not oper-
ate at all satisfacteorily. Sparking at the commutator was at all

times verv bad, in fact, the commutator was nearly destroved. The






excitins current wes verv larcs, neing 2.4 amps. the imnut
on no lecad, 100 watts.

The synchroneous srs9d was 3800 R.P.M., but the
spesd das only 2400 R.P.M. The motor would carry a heavy load
of about 1/10 H.P., but the current was excessive, running up

to five arnares.



Zaze Induction Mcetor.

Stendard Sguirrsl
Usin~ ths same stator with four more slots %to make
With

12 slots and with the sa.e flux per pole 13500C lines.

6 slots per role with winding distributed over five slots.

-8
.22 x k,Béf 10
M. F.

E=2
whers E line E.

& = nur.ber conductors

? = flux per role

f = freguency
S= E_10% _ 11C x 100000C0G =830 turrs
2.22 x .74 x 125000 2 GO

2e2
L] o~ v

Minirun, tooth area ¢f stator.

Tidth of slot +", 6 slots ner rcl3y fass
& x 2" x 21/16=3.1 s3. ir. area
depth " x 2.1/16"=1 8q. in.

Core area of stator
Arrarant ca-~ area ner pcle c*=tor tooth LM
3 x 21/16=6.2 s8q. in arsa

612
maximum cora Jdensitv. The stator flux divides half cgoing
around each way.

135000 . = 67,500 linas

2 x 1
Minimw. tcoth arsa rer pole of rotor
11 conductors or 53 per rolse face
55 x " 1/16"=2.35 i
-_)-‘ x L‘ x 2 ——2. Bq- n'

Maximum tooth dsensity of stator

7= Qr

tooth area per ro.a

2
Stator density =135000 x//_ = 74,50C
3.1 x 2

[»]

Rotor density_— 135000 x /7 = 74,000
2.857 2




830 turne in 12 slots gives

83C =83 Cocndustors per slot or CJ turns per ccil
The slots will easily hold this amount ¢f Yo. 22 wire. (Sse
first Calulation)

Squirrel Cags Rotor.

Air gap clearance 1/64"

External Dismater 2 9/32"

Length 2 1/16"

Nurher sglots 11
In orier for the rntor net to lock on starting the rotor slots
rmust ve rrinie to the stator slots.
Rotor current I par condutor at full load.

I for full load will be 1.6 awps. No. 22 wire has
an area of 542 cir. mils at 4CC ecir, nils per amp.

§§8:=1.6 arips. carrying capacity with cood ventilation.
40

Rotor a:ps.= .35 I x totel stator conductors
total rotor conductors

0

I =.25 x 1.6 x 250 =103 amps.

Amnere conductors per inch 11 x 103 =180
x 2.23

Cir. mils per amp. allowable 500 (Sftandari Hand Book)
103 x 500 =5150C Cir. ilils.
This area is close to No. 3 B&S wire .229" dia.ster o~r Drill slots

15/64" diameter.



DATA FOR CIRCLE DIAGRAMN

Magnetizins current.

C,=the stator Carter cosfficiznt

S =~125 = 5.1

8 0%

8 = slot width = .125

)

8§ =clesrance = .0

[aV)

f = from Curve of Certer fringing constand page 44
Gray's Electrical Machine Design

f =.5
c= A slot pitch = .506
T+T1s
c, .6Cs8 =1.21
0437 .5 x .I§5
C, for rotor = s _.062 0.1
& -3
£ =065
CZ: .4 =1.02
.5232 .60 x .06

Pole pitch 7,84 =T L, = Axe/ lerngth of dri-gap

I

b4
Yacmaetizing current Ly = 1 ¢:x6‘g
.37 (Cend. per pole) zg
I, = 1 135000 x.02 x1.02 x 1.21 =1.1 amps. air gep

.B7(6xB80) 3.84 x 2
Allow 20% for iron 1.2 x 1.1=1.3 amps. mag. current

Constant Losses

We_ight cf stator teeth in pounds
Bolume of stator teeth 5.4 sq. in.
1 cu., in. stesl .274 #

5.4 x .274=1.47#

Loss in watts per lo. 7 watts (Fis. 81 pgz.102 Gray's
llachins Design)

1,47 x 7 = 10.3 watts loss in t=eth






~Volurie of core 13 cu. in.
13 x 274 =3,564
Watts per 1b. 7
3.56 x 7T=25 watts loss ir core
Disrecard rotor iron loss since the Ir=-u21cy is verv low.
Total doss 35 watts which rewmcing constant on all loads

3
Bearing loss=.81 x dl( v )zwatts
100

Whers d =hearing dianm.
1 =1ength of rubbing surfacse

v =velocity of rubiing in feet per min.

.81 x .31 x 1.25{3600 x x .51)%-_- 1.7 watts
12 x 1CC

For 2 bearincs 3.4 watts

Agsure 1 watt windage

Total loss 4C watts.

Maximum Current

Slot Leakage(Paze 220 Sheldon & liason)

Stator

X,=2 f 1,Nn"(.62 __g,) 107" (For round slots)

Where ly = length of slot 1n inches

n = nu.her conductors in series per slot

¥ = nurbsr slots per phase

d, = dspth of saw cut

W, = width of saw cut in toocth

X,= 2 x €0x”x12x640C(.525 3)10._N.7 ohus
Rotor

X.= 2x10x2x11x1(.625 2) 1077 =

Comss out very small so disregard






Zig Zag Leakage
Stator and Rotor
T A 2 .
X,=3.35 £ 1,Np,z_-_(_t_,+t -1)10
2, %
t, and tyare stator and rotor tooth tip widths respectively

8

Where
A,and A.are statcr and rotc: tooth pitches

A averags or coron tooth pitch

4 radial length of abkr gar in inches

2 -8
¥%,=3.35 x60x2x12x6400 .687'.5 + .68 - 1}10 =15 ohms
2 k. 5

Resistance Priumary
Length of zonductors on stator

o2(2.5 3,54)x83=85 ft.
13

(2.5 3) x83 =76 ft.
12

2(2.3 1.5) x 83 =52 ft.
13

Total =213 ft.

Resistance per foot of No. 22 wirs is .0184 ohms

213 x .0184=3,9 ohirs stator resistarce

2 2
3.9 #2.835=4,2 ohms apparent resistance

Maximu. current=110 =°3.4 arps.

110 =28.6 amps. This value is used for diametsr of the

235

circle diagram.
22.4 is nsed to dsestermine the locked position of ths

rotor in the circle diagran.

Exciting Current

40 =.363 anps. in phase with E.}.F. or a powsr component

2 2
Ceprer loss I R=1.3 x 3.9=4.9 watts

%%‘-—‘.406 arips. in nhase with E.M.F. or 0G ir circle diazreg






Total amps. in phase with E.M.F. =, 769
Exciting current /.76 3-1.3‘=[fampa. or OI in Circle diagram

Rated Load

Maximum capacity of wire =1.6 amps.
Hagnetizing current =1.3

1.6 =/1.3+x*

X =.93 amps.

.93 x 110 =103 watts'powér comnponent
103 - 50 watts =50 watts net power
50 =.067 H.P. or 1/15 H.P.

748

Effieiency 50 =48.5%
103






TABULATED DATA

External Diametsr
Internal Diametsr
rrame Length

Alr ducts

Net iron

Slots number

Sige

Conductors rar slot
Size

Tinding tyre
Kinimum slot »itsh
Einirw: tooth wi.th
Core derth
Pols ritch ,
Miinimur tooth arsa par pole
Core area

Arrarent gap area »ar pole
Flux yser pole

zaximw: tooth density
Kaxicmum cors dsnsity
Ampere conductors rer inch
Circular mills rar anpere
Apparent gap density

Alr gap clearancs

Carter Cosfficisnt
Kagnatizing current air gnap
Total

Reactance rar rhase

Maxinmum line scurrant

8tator

1. 5/16"

2 5/16"

2 1/16"
none

2 1/16*
12

7/18°* D
83

#22 D.C.C.
two coil

.OCE"
.

Nie &p

5. 64

3.1 8q. in,
1l 83. in,
6.2

135000
€9CCC

rione

2 1/16"
11
15/84"
1

73

squirrel cage

. 54"
&n

1

2.3553. in,
2 83. in.
6.2

135000
743500
67,500

1G0



Rating

Horso Powar
Terninal voltags
Aperes full load
Phages

Frequency
Synchroneous R.P.K.

Polas

Stator Rotor
watts

1/10
110

/9

60
3600
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METHOD OF STARTING.

The Bingle Phase Hotor will not start alone as there
is no torque at standstill, For starting purposes a second
ainding was put on at right anglee to the main winding, as in a
two phase motor. This winding was of fins wire therefore of high
resistance, thus the current was slightly in advance of the
main current. This gives the polyphase effect.

DESIGN. The coil is completely in one slot thus no distribution
factor is needed

Conductors in main winding 830,

Distribution factor .74

+74 x 830 = 615 conductors. or 307 turns.
77 x (7/16)% = .15 8q. in. area of slot.
307 = 2060 turns per sq. in.
Tﬁis corresponds to a No. 26 8. C. C. wire.

It was found that the motor would not start with the
full voltage on the main winding, so an inductance coil was put
in series with it, to reduce the starting current and the locking
affect. This also caused the main ocurrent to las still riore,
giveing a greater difference in phase.

A 40% reduction in voltage was found to be satisfactory
the motor would then run up to speed with only 2 azps starting

current,






TEST

Kaffs EI
114 154
113 168
107 161
110 170
107.5 183
104 203
REE.

o

IO

0

30.8

41.5

45

49.6

53.2

DATA,
Watts Power
Pactor
44 . 386
69 .438
1°1+) .59
103 . 605
128 .69
153 .75
Torque.
In. 1lbs.
0
. 563
2 1.03
1.17
1.6
2.16

8peed Aumps.

3600
3400
3400
3360
3300
3200

e
L ] *® - [
OV G
o o

o]

Sgoed.

% Syn. Bpeed

97.3 .
94.6
94.56
93.3
91.6
89

Load HP
03,

0 o
12 .030
22 . 05655
25 .0G26
34 .0836
46 «109

Conparison of calculated data, anl test data.

Capacity
Exc. Current

Watts input no load
Efficiency at 1/10 H P
Powar Pactor at 1/10 H P

Registance of primary

Paactance

By Calculation By Test.

1/16 H P
1.5 amps.

40

62%

.65 :
3.9 ohms
3.85 ohms.

1/10 H P









APPENDIX.

S8hunt Motor Drawings.

8tator.

Armature.

End Caatingsa.
Commutator and Brushes.

G e D

Wireing Diagram.
8quirrel Cage Induction Motor Drawings.

L 8tator as above with four more slots, so as to make twelve
slots equally spaced.

2 8quirrel Cage Rotor.

Bearings and 0il Cups as above.

End Gastings as above, both with the short bearing.

Base,

Wireing Diagranm.

N 6 G

Photograph of Pinished Kachine.
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