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Introducao

* O motor de inducdo monoféasico é o motor
mais usado em aplicagcdes domésticas como
frigorificos, maquinas de lavar, reldgios,
compressores, bombas, etc.

A poténcia vai até 10 HP

» Acima de 1HP tém menor binéario de
arrangue, sdo mais caros e mais ruidosos
que 0s motores trifasicos
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Introducao (cont.)

» Tem dois enrolamentos no estator colocados
perpendicularmente
— Um é o principal
— O outro é o auxiliar ou de arranque

» Consoante o tipo de arranque tem
designacodes diferentes e caracteristicas e
aplicacdes diferentes

o E dificil obter correntes desfasadas de 90° a
partir de uma fonte monofasica
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Constituicao:

1. FAN COVER 7. MOUNTING FOOT 13. MOTOR ENDSHIELD

2.FAN 8. START CAPACITOR 14, HOUSING

3. MOTOR ENDSHIELD 8. STEEL CONDUIT BOX AND COVER 15, WINDINGS

4.SHAFT 10. LEADS 16. STATCR

5.ROTOR 11. SLEEVE STEEL 17. CENTRIFUGAL SWITCH AND
6.BALL BEARING 12. CONNECTION TERMINAL MECHANISM ASSEMBLY
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Constituicao do estator

Winding
] Slot 4\
insulation
Motor
housing

Iron core
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Constituicdo do rotor

Aluminum
ring

Fan
hlades

Laminated
Iron core

A

y Fan
Aluminum blades
bhars
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Constituicao
 E na realidade um motor biféasico
Estator c_:om ferro Cavas com 03
laminado engolamentos
I Rotor com
ferro
Enrolamento laminado
principal
Y
Barras

/

™~ Anel que curto-

Enrolamento de circuita as barras

arranque
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Principio de funcionamento

O enrolamento principal monofasico produz
um campo pulsante

» Matematicamente o campo pulsante pode
ser decomposto em dois campos girantes
rodando em oposicéo

* A interacgdo entre estes campos e as
correntes induzidas no rotor produzem
binarios opostos
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Decomposicao do campo pulsante

Fluxo do enrolamento principal

-0t
Enrolamento /

princital

Y

Enrolamento de
arranque

[
-
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Escorregamentos

0S
p N

J4;
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Circuito equivalente

lsta X 2 Ry/2 Xef2 "Ry 2

Campo girante
positivo c

Rrot(l_spos)/(zspog

sta

>(I’OI/2 RI’Oll2

Campo girante
\J negativo c

Rrot(l_sneg)/(zsneg)
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EXxpresoes

— Poténcia de entrada:
ST S

n sta " sta

— Poténcia de saida:

2 R_1-5

rot pos

2 S

P

dev

pos
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Binarios Positivo, Negativo e resultante versus velocidade
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Binario versus velocidade
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Binario versus velocidade
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Poténcia de entrada e de saida
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 Nas condicdes de circuito monofasico o
motor ndo arrancara.

» Se 0 motor for accionado para fora da
velocidade nula ele arrancara no sentido da
velocidade inicial

 Para que 0 motor possa arrancar €
necessario dispor de um circuito auxiliar
disposto a 90° no espaco em relacdo ao
principal e alimentado por uma corrente
tambeém desfasada de 90° no tempo
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Meétodos de arranque

» Adiferenca de fase € obtida atraves de
— uma resisténcia,
— uma indutancia, ou
— Um condensador

Em série com o enrolamento de arranque.

» O mais vulgar é usar um condensador em
série com o enrolamento de arranque.

20
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Motor de indug¢é&o monofasico

Quando o motor
alcancar a velocidade ’
¥, 1 Interruptor centrifugo
de operacgdo, um e
interruptor centrifugo

2 b Ty 8
desliga o circuito do Sg
Enrolamento E
enrolamento de V| principal o
g8
arranque. \ H
x \|
> 2R =S
C Rotor
Figura: Esquema do motor de indugéo
monofésico.
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Motor de inducdo monofasico
E necessario o interruptor
ncentrifugo porque a | Interruptor centrifugo
maioria dos motores utiliza , —=
um condensador
electrolitico barato que Sl
pode ser percorrido por | & §'
correntes alternadas Vv Enro ar_nenlto E¢
durante apenas um curto Rrmcipe o
espaco de tempo \ w-e
Um condensador o \I
apropriado produz fo Rotor

aproximadamente uma

desfasagem de 90° e Figura: Esquema do motor de
consequentemente um induc&o monofasico.

grande binario de

arranque.
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Motor de indugédo mono

fasico

12
10
Ton("n) Binario total
= \ ario total
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oo ) O enrolamento f
2o 2 A
N-m auxiliar é .
() 6 desligado ‘.I_
il Binério @
_— 4 produzido pelo 1 \
Thom enrolamento Lo’
_— . . 14
N-m principal .-
.o 2 ..............::,.s‘ ........................
...... Ponto de
...... funcionamento
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"m

Figura: Caracteristica Binario velocicede de um motor de

inducdo monofésico pequeno
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Rendimento vs. Carga
Figure 10. Motor Efficiency vs. Motor Load
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Variagao do rendimento com a tensao
Figure 11. Effect of Voltage on Motor Efficiency
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Motor de inducao monofasico de espira de
sompra g
. mator tem dois polos
salientes que irdo ser
percorridos por fluxos
alternados.
> Cada polo tem umaespira |
em curto-circuito. sombr
Pélo Rotor em Pélo
principal gaiola de principal
esquilo
Pélo de
sombra
Espiraem
CcC
Enrolamento principal
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Motor de indu¢do monofasico de espira de

sombra

Squirrel

Iron core
cage rotor

Main

” o
‘ winding f
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Shaded
pole

Motor de espira
de sombra para
ventilador
doméstico.
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Motor de indu¢do monofasico de espira de
sombra

E um método menos eficiente, mas mais econémico e
usa pélos com espira de sombra

O motor tem dois polos salientes excitados por fluxos
alternados.

Cada pélo inclui uma pequena parte que tem uma
espira em curto-circuito. Designa-se esta parte do
pélo por pdlo com espira de sombra.

O enrolamento principal produz um fluxo pulsante
que é ligado com o circuito do rotor.

O fluxo principal induz uma Fem na espira de
sombra que por sua vez é percorrida por uma
corrente.

29
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Motor de indu¢do monofasico de espira de
sombra (cont.)

Esta corrente gera um fluxo que se opGe a variacao
do fluxo principal no p6lo com a espira de sombra.

O resultado é que o fluxo na parte com espira de
sombra e na outra parte serdo diferentes.

Tanto a amplitude como o angulo de fase seréo
diferentes.

30
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Funcionamento do motor de espira de
sombra

Squirre! cage

Laminated rotor Shading coil
core

1
I~~~ Exciting (3)

2134
I . coit

ot
“ It

{4)
2) [RY
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Motor de fase auxiliar simples

T
T [ T
» 300 |~ Main and
2 aqxili_ary b
Auxiliary 8 winding p
winding & 200 /' d \
§ o 4’ ggl 4
& 100 | Main winding ’r’ £l 3
 only ¢ .§1§ \
v N I N
0 2= i
0 20 40 60 80 100
Percent synchronous speed
I
(b) (c)

Fig. 11-3. Split-phase motor: (a) connections, (b) phasor diagram at starting, and (c) typical
torque-speed characteristic.

32
Méquinas de Indugdo Monofasicas — Gil Marques 2005

16



Table 1. Summary of Split-Phase Motor Characteristics

CHARACTERISTIC NOTES
Peak Efficiency 50 to 60%
Power Factor 60 to 70%

Starting Torque

100% Full Load Torque

MNoise & Vibration

120 Hz Torgue Pulsations

Compaonents

Contains Centrifugal Switch

Other

High Inrush Starting Current

Cost

Moderata
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Motor com arranque por condensador
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Table 2. Surnmary of Capacitor-Start Motor Characteristics

CHARACTERISTIC NOTES

Peak Efficiency 50 to 80%

Power Factor 60 to 70%

Starting Torque Up to 300%: Full Load Torgue

Noise & Vibration 120 Hz Torgue Pulsations

Components Contains Centrifugal Switch & Capacitor
(Intermittent Duty)

Other Capacitor Controls Inrush Starting Current
[Lower Than Split-Phase Type)

Cost Slightly Higher Than Split-Phase Type
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Table 3. Summary Permanently Split Capacitor
Motor Characteristics

CHARACTERISTIC

NOTES

Peak Efficiency

5510 65%

Power Factor

80 to 100%

Starting Torque

50 to 80% Full Load Torgue

Moise & Vibration

120 Hz Torque Pulsations Reduced

Components

Contains Capacitor (Continuous Duty)

Other Can be used with speed control devices (not
possible with SP & CSIR types)
Cost Smallest motor for given output
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Motor de dois condensadores um para o
arranque e o outro permanente
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Table 4. Summary Capacitor Start-Capacitor Run Motor
Characteristics

CHARACTERISTIC

NOTES

Peak Efficiency

55 1o 685%

Power Factor

80 to 100%

Starting Torque

Up to 300% Full Load Torque

Moise & Vibration

120 Hz Torque Pulsations Reduced

Components

Contains Centrifugal Switch & Capacitor
(Intermittent Duty).
Contains 2nd Capacitor (Continuous Duty).

Other Capacitor controls inrush starting current & run
capacitor simulates 2-phase operation.
Cost The best of the single-phase motor types.

Exceptionally quiet.
Mast expensive motor design type.
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Caracteristica do motor de bobina de sombra
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Percent torque
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Figure 24. General Performance Characteristic
(Shaded Pole Motor)
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Table 5. Summary Shaded Pole Motor Characteristics

CHARACTERISTIC NOTES
Peak Efficiency 20 to 40%
Power Factor 50 to 60%

Starting Torque

40 to 50% full load torque plus
third harmonic dip

MNoise & Vibration

120 Hz torque pulsations plus
winding harmonics

Components No additional componeants needed

Other Can be used with speed control devices (not
possible with SP & CSIR types)

Cost Cheapest of all single-phase motors
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Table 6. Summary of Five Single-Phase Motor Types

CAPACITOR- PERMANENTLY CAPACITOR START-
MOTOR TVRE SPLIT-PHASE START SPLIT CAPACITOR |  CAPACITOR RUN SHADED POLE
DESCRIPTION Start winding connected | ldentical to the split- Start winding psrma- Combination of capaci- | Singlks main winding
in parallel with main phase design except nently connected in tor-start and PEC type | with shading coils for
winding, connsction includes the addition of | parallel to main winding | motor, Start winding prosdding starting
controlled by centrifugal | a capacitor in ssriss with a continuous duty | permanently connected | torque.
switch ar relay. with the start winding capacitor in the circuit in parallel ta main wind-
circuit. at all times. ing with a continuous
duty capacitor in the cir-
cuit at all times and
capacitor in ssries with
the start winding circuit.
HP RANGE 1Bt 1 1o 2 1100t 1 2 o 20 AA000 to 144
TYPICAL RATED BED, 1740, 1725, 3450 BED, 1140, 1725, 3450 1050, 1825, 3250 1725, 3450 1050, 1550, 3100
SPEED (80 HZ)
EFFICIENCY RANGE | 50 to 809 50 to 809 55 Lo 85% 55 to 859 20 to 4096
POWER FACTOR B0 bo TR B0 to TR 80 to 100%: 80 ko 100% 50 to 807
STARTING TORQUE | 100%¢ Up to 30086 &0 to B9 Up to 30088 40 to 5096

(% OF FULL LOAD)

TYPICAL Suitabke for frequent All-purpose motor for Intended for direct drive | All-purpcse maotor for Suitabke for direct drive
APPLICATION starting of fans in both high starting tarqus, low | modsls and applications | high starting torque, low [ low power fans and
direct and belt driven starting current used in | requiing spesd control. | starting current used multi-speed applica-
units. bith dirsct and belt mainky in larger bsit tions.
driven units. driven units.
ADVANTAGES a. Good starting a. High starting a. High running a. High starting torque. | a, Insxpensivs to
torque. torgue, efficiency. b. Lower starting manufacture,
b. Medium efficiency. b Lowser starting b. Capabile of multi- current than split- b. Multi-speed
current than split speed operation, phase design. operation.
phase design. . Can be usad with . Available in larger HP | ©. Compact.
speead control sizes than capacitor-
devices (i.e. triacs). start or PSC motar
d. Quietest of all small types.
induction motars, d. High running
efficiency.
DISADVANTAGES a. Mot suited for high a. More expersive than | a. Low starting tomus. | a. Most expensive a. Low efficiency.
starting torque loads. split-phase design. b. Spesd varies mors single-phase motor b. Low starting tomjus,
b. Mat applicable for b. Nat applicable for under load. type.

spead control.
. High starting current

spead control.

F

Mat applicabls for
speed control.
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