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ELECTRIC SERVICE DIVISION 

Instructor�• Lesson Plan 

_) I. TITLE: Synchronous Mo tor Control 

II. OBJECTIVE: To discuss the function, oper�tion and maintenance 

techniques of Synchronous Motor Control�. 

III. TIME: 4 Hours 

• 

IV. TRAINING AIDS.: 

• 

A. Requ1red (P/0 Training Package) 
1. Wall Chart #10,.,00 

• •  
2. Transparencies I Slides I DraWings 

A-c
·
Rotating F1eld 

Standard Motor Speeds 
Standard Synchronous Motor 
Synchronous Reluctance Motor 
Synchronous Motor Characteristics 
Normal Torque Values 

Induced �otor Voltage 

T1ming of Induced Voltage Frequency 
Holding C011 Operation 

A-C Control Circuit 

D-C Synchronization Control Circuit 
O�eration of D-C Sync Circuit 

Completion ot D-C Sync CircUit 

5as1c Synchronous Motor Controller 

Pull-Out Relay and Transformer 

Damper Winding Protection 

--·--- ·--·-·--· --·· - -· 

' I � •• •• :0 • 

Figure 
Figure 
Figure 

Figure 

Fi�re 
F:igur-e 

Figure 
Figure 
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Figure 
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Protection Against Loes o£ Field Current 

Loas or Field Current and Voltage 

Autowatic Field Checking 
Dynamic Braking 

Pull-Out Without Motor Shutdown 

Typical Controller 
ASR Relay Operation 

ASR Synchronizing Relay 

Static SLIPSYN Control 

Static SLIPSY� Block Diagram 
Trouble Sbooting Chart.s 

.Figure t 7 
Fi£;ure 18 

Figure 19 
... Figure 20 

Figure 21 
Figure 2.2. 

Figure 23 

Figure 24 

Figure 25 

Figure 26 
Figur-& A- 1 

B. Optional - Note: A Pl:a"ctical demonstration using selected 

typical controls vdll grtlatly enhance the value of this 

laccon. 

V. REFERENCES: 

A. Westinghouse Motor Controls; Section 7 

B. Westinghouse Industrial .controls; SA 9111 
c. Instruction Lea!leta 

11-202-2. 

11-2.02.-.3 

14-000-lB 

14-000-ZA 

42.30 

VI. TEACHING PROCWURE: 
A. Intrcductiou 

1. A5 tar as motor coutrol circu�ts ars concerned, the 

LOW VOLTAGE ran5e i6 co:nc;only recogniz-ed as 3 phase, 

60 cycle, 208-220-440-550 volt rated industrial plant 

• 
• 
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di3tribution oyoteme usually used for motors up through 
200 horsepower. 

2. There are many installations where larger horsepower 

motors are connected to a low voltage system; but because 

of the associated construction and starting problems faced 

in powering large horsepower motors on low voltage sy�tems, 

much consideration is given in thie general horsepower 

area and beyond to the use or higher voltage
.
rated motors. 

3. NEMA has defined the maximum voltage of the Industrial 

Control scope as 'OOOv and named the voltage range from 

above 600v to 'ooov. '!Medium Voltage". It follows that 

the riontrollers used on �oltages in this range be 

appropriately called "Nedium Voltage Starters". Formerly 
this range was known 6U!i high voltage. The medium 

voltage name was initiated to differentiate �t from the 

voltages above 5000v, wbich !all outside the Industrlal 

Control Scope. 

4. This lesson: 1 �SE we "j¥io3.300 � 

A. TITLE: Synchronous Motor Control 
B. OBJBCTIVE: To discuss the !unction, operation and 

maintenance techniques or Synchronous 

Controls. 
(1) Synchronous Motor Fundamentals 

(2) Control Characteristics 

(3) Protection Schemes 

(4) Typical Control 

( .5) Maintenance 'l'echniqueB 
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B. Presentation 

1. Synchronous Motor Fundamentals 

USE TD# 
103.301 

a. Rotating Field 

(1) Ohe of the most important things to remember 

about s.n electric motor is that 1·ota.ry motion 

1s produced by the interaction of the magnetic 

!ields o! the stator and rotor. Although the 

specific details are complex, a fundamental 

understanding or the ac.tion involved ca.n be 

obtained by rece.ll1ng the basic phenomenon .. :: 
of magneti�m.. • • •  ll!!! poles repel and unlike 

poles attract. 

(2) In a broad sense, an electric rootor has a 
number of north and south magnetic poles on 

both·its stator and rotor. Motor !unct�one 

require that one set o! these magnetic rielqs 
be caused to attract the other eet 
continuou.sly. To accomplish this, a-c and d-e 
motors require different methods. 

(3) In an a-c motor, the magneti.c fields or tne 

( 4) 

stator are created by the a-c current supplied 

from the power aourca. By 'causiD6 these 

litMtOr fields to rotate, tbe rotor .fields will 

be ''pulled" along and thus cause the rotor to 

rotate. 
Figure 1 s}lows how this 11rotat1ng magnetic 

field" is accomplished with polyphase power. 

Pbase A is at greatest intensity, at time 1, 
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producing maximu� maGnetic flux on motor poles 

1 and 4, with pole 1 being the south pole, At 

time 2, phase B is at groatest intensity with 

maximum flux now at poles Z and 5, pole c 

being the south pole. Thus, ae each phase of 

tbe a·c current rises and talls, the magnetic 

!lux·on the correspond1ns stator poles risee and 

falls. The result is a rotation of the 

maXimum magnetic !lux. It follows that the 

magnetic.field� ot the rotor, interacting with 

the stator poles, will produce torque, causing 
' . 

the rotor to rotate with the magnetic field of 
the atator. 

I 
Tl .. !_ I 4 I • ' 

A·C ROTATING MAGNETIC FIELD 
'••ure I ,.010' rQI 

103.101 
--.. .. . 
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(�) StAndard motor speeds are shown in Figure 2. 

No. or SPEED 
J'OI.U 2S CYCOL.U &0 C\'CLES $0 CYCLES 

r 1800 aooo 1500 
4 760 1·000 1800 
• eoo 1000 1200 
• ..... no 800 

10 - 100 no 
II - e oo eoo 
I. - - 400 

• • 

STANDARD MOTOR SPEEDS 
1'0 IOUot 

IOS.IOt 

Th1s 1& expr�ased mathematically as: 

� · vffirTE ON L ��----C�H-��.K�;B�O�A-RD 
____ �� synchronous rpm = 1�0f 

• 
• 

where t = supply frequency in cyelos per 

second 

p • number of polee 
b. Standard Synchronous Motors 

----""" 
USE TD# 103.30.3 (1) A simplified drawing of the standard 

synchronous motore is shown in Figure 3 • 
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STANDARD SYNCHRONOUS MOTOR 
Flgure-3 TO IO!L30:S 

(2) The synchronous motor utilizes both a-c and 

d-e current. The a-c winding is normally on 

the stator; the d-e Winding (field) is 011 the 

rotor. In a�d1t1oo .to the d-e field, the rotor 

also contains a small squirrel-cage rlndin,; 

,I (damper), ror starting. 

• 
• 

(3) Dur1ng start-up, the squirrel-cage portion o£ 
the rotor receives current by induction !rom 
the stator, bringing the rotor to nearly 
s�nchronous speed. At that point, applicatiou 

Of d-e current to the :tield WindJ.ng "pulls in11 
the rotor to syncbron:l.zation wi.th the rotat Lng 

magnetic tield of the stator. Running speed 

is determined by the supply frequency and 
number ot poles only • • •  there is no Glip. 

(4) Bear in mind that the synchronous motor 

requires a source or d-e ror excitation. 

Synchronous motors can be supplied with an 
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exciter generator �ounted on the motor • • •  or 
a separate d-e source may be used. 

(5) Synchro.uous motors have two advanta.geiS: 

1. Conatant speed- no variation in 

speed with chaoies in load. 

2. Ability to improv� plaot power 

!actor it operated with high 

d-e excitation. 

(6) I.t couetant. speed is the only requirement, 

motors witb 100% power !actors can be utilized; 

and i.t 1t ie-deair�d to improve the plant power 

factor, motors with 80% leading power !actor6 
can be used.. 

�------�C�·�Syncbronous Reluctance Motors 

• 

USE TD# 
103.304 

( 1) tn physical a.pp�ara.uce and construction, the ., 

synchronous reluctance motor is essentially 

the same as a polyphase squirrel-cage motor. 

Tbe stators are identical • • • tbe difference 

is in the rotors, as sho�� 1o. Figure 4· 

SYNCHRONOUS RELUCTANCE MOTOR 
TD 103.:504 
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(2) In tho aynch.ronouo .t'eluctancQ motor, 11pole&11 

are created by milling flats o� the rotor, 

to give flat aides correupond1ng to the 

number o! stator poles . The result 16 that the 

magnet1c flux cro�sing the air gap gathers at 

these poles, tending to lock the rotor polea 

1n synchronism with tbe atator field. 

(3) Tbe motor starts like a squirrel-cage motor, 

but lock6 1u and runs at synchronous speed, 

�------���Speed Torque Curvee 

USE TD# 
103.305 

(1) Figura' shows typical speed-torque curves of 
. .. 

·our standard synchronous motor B.Dd our 

relatively new synchFonoua reluctance motor. 

The standard synchronous motor is applicable 

to the !ull horsepower range while the aynchro­

noua reluctance motor is made only in eizea 

below 30 hp. 
100 

1 i •o 
I 

fil t •o 

i" liD 

0 .. h 
TOfiQUE• •-'"' .t fvll .... 

5YNCHftONOUS MOTOR CHAFfJt.cTERISTI CS 
'tt•rt 0 TOIOI.IOI 

(2) As wou�d be expected, the running portion of a 

synchronous 8peed-torque curve is th� straight 

horizontal line ( 1) at 100% synchronous speed • 
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DISCUSS This ie the eame for all eynehrODOUG motors. 
WITH 

CLASS It ia referred. to as "synchronous torque". 

(3) The large 11S11 portion of these speed-torque 

curves indicates the motor's start1ng 
characteristics. The starting and acceleTat�ng 

torques of the synchronous reluctance motor are 

about tW1c8 as much as those ot the standard 
synchronous mo�or. 

(4) "Pull-1.n torque" &lld "pull-out torque" are two 

terms that are unique to the synchronous motor. 

Pull-in torque 1s the value or torque developed 
at the transition point £rom alip speed to 

synchronous speed (zero slip). It is often 
. 

referred to as the point where the motor pulls 

1nto step (with the rotating magnetic field). 
(') Pull-out torque ie that value of torque 

developed at th& point where the MOtor pulls 
out ot aynchronization and i'alla back to the 
sl1p speed. This pull-out is caused by an 

overload created by the <.tr;J..ven Machine. 
(6) Therefore, this pull-out torque is the maximum 

load that the motor can stand and st1ll remain 
in synchronization. However, the motor still 

has a breakdown torque in the sl1p-speed 

range. Technically, pull-out torque is defined 

ae the maximum steady-speed torque built up 

by the motor for one minute before it pulls 

out of step. 
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-1 1 ... 

(?) Pull-in torque !or a given motor ie not a fixed 

quantity • • •  it depends on the WK2 of the 

connected load. The higher the WK2 of the 
load, the cloeer to synchx·onous speed the motor ·· 

must accelerate as an induction motor before 

tield excitation is applied. Standard pull -in 

torque� are based on specific values or load 
inertia established by NEMA. 

(8) Normal torque values for standard synchronous 

motors are ehown in Fisure 6 • 

• • 

"'fW ,ULL t.OAO TOitOVC 
.. , 

PUL.L.•IN
--
1 PULL..OUf 11'AitTINO 

l(k),., PowtR fAQTOA M01'0it 
100 I llelctw 100 100 100 
tot •• 1000 to eo 100 

1001 I l•rtft 40 10 110 

10"' flOWER 'ACTOft MOTO� 
110 I •tl•w 100 too IT8 
••••• 1000 to to 170 

1001 I lerttt 40 to ,,. 

NORMAl. TORQUE VALUES 
TOIOI.IoOt 

2. Control Characteristics 1 DISCUSS WI�� CLASS � 
a. tntroduction 

, ( 1) · In order to uudersta.nd the control .for a 
ftynchronous motor, one needs a fairly com-

prehensive understanding or the"characteristics 

of the motor itself. Dur�ng start-up, the 

synchronous motor functions much the same as a 

conventional squirrel-cage motor. Thus, it 
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would follow that the control requirements for 

this part of starting tne motor are the same 

as those for a s�ngle-speed, squirrel-cage 

moto1". 

(2) The tough part o! the �ontrol problem centers 

on the task of applying the d-e excitation 

current to tbe !ield winding at exactly the 

right instant for two main reasons: 

(a) To min:lm.ize and keep tbe motor's "pull-i.n" 

effort w:ttbin its "pull-in" torque rating 

(b) To m1n��ze any high voltage and current 

disturbances ted back into the a-c line 

aa the motor is locking �nto step. 

(�) To eucce2stull:y accomplish the "pull-1n11 

operat1on (synchronizing the motor) and meet 

criteria (a) and (b) above, tbs d-e current 
must be applied only when the stator poles 
and rotor poles are in ;favorable relationship. 
To be more apec1t1c, successful synchronizing 

of a synchronous motor dict�tee that the control 

apply the current to the field winding only 

when the"follow1ng two coudltlon& are m•t 
eimulta.neously: 
(a) The rotor bas accelerated to its maXimum 

speed poss�ble on tbe squirrel-cage 

wind1ng (usually about 95% synchronous 

speed or higher) 
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DISCUSS ( b}--Sach rotor polo i.e lagging elightly behind 
VIITH 

CLASS a stator pole or opposite polarity. 

WRITE ON 
CHALKBOARD 

(4) In fulfilling the first requirement, we must 

start by measuring the speed ot the rotor. 

However, !rom a contx·ol standpoint, it ia 

impractical to make a direct measurement of 

the speed or the rotor. Instead, we must 

utilize some inherent ertect that is produced 

in tbe motor as it accelerates to near eynchronouL 

apeed. 

(5) From our review or synchronous motors, we know 

that 

(a) 

. .. 

• • • 

The "synchronous speed" or the motor ie 

the speed of the stator's rotatinG 

magnetic field. For any.given number of 

stator poles, this speed is eatablia�ed 

by the frequency of the a-e power supply. 

For example, a two-pole motor operating on 

60 cycle a-c bas a synchronous speed of 
'600 rpm or 60 rps,'- from the formula: 

speed (rp�) _ 120 x a-c fraquencx 
- no. o1 motor polea 

(b) Tbe rotating magnetic field causes a 

voltage to be induced in the rotor poles 

(conductors being cut by � moving magnetic 

field). The ru&ultant magnetic field in 

the rotor poles combines with the stator's 

rotating magnetic field, causing the rotor 

to rotate. Because of mechanical inertia, 
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the �otor starts at zero speed and 

gradually accelerates to a epeed which 

is slightly less than 1ts synchronous 

epuad. 

(c) At �ny given instant, the difference 

� WRITE��N � 
CHALKBOARD 

""'------ ______...� 

• 

USE TD# 
103.307 

< C1) 

between the speed of the stator's .... 
rotating magnetic field and the speed or 

the rotor determines the frequency of the 

induc.ed vol tase in the rotor poles ( field 

wincing). With the rotor at standstill 

(epeed difference 100%), the frequency or . .. 
the induced voltage in the field is the 
sam� aa the frequency of the rotating 
magnetic f1eld in the stator - 60 cps • 

Ae the rotor accelerates, the speed 

difference decrea598 and thus the rr�quency 

or the induced voltage decreases (rotor 

at 50% synchronous speed � 30 cps induced 

voltage frequency 
speed �=.3 cps). 

• • •  at 95% synchronous 

Frequency rate (cycles per eecond) can be 

converted to a time value per unit {seconds 
per cycle). For example, at 60 cps a tull 

cycle 1s completed in .0167 seconds, a 

half cycle is completed in half the full­
cycle time or .0084 seconds • 
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ThUG, we can determine the speed of-·the 
rotor at any given moment by measuring 

the t1me span of one-half cycle of the 

1nduced voltage (current) io the rotor 

field �t that moment. Figure 7-A ebows 

the waveform o! induced rotor voltage at 

t1me zero and through the time interval 

re�u1red tor the rotor to reach a little 
less than .9� synchronous speed. The 

negative one-halt cycle of Figure 7-B 
displays the cond1tions which eX1.et wben . . 
tbe induced voltage ia at .95 Bynchronoua 

spead and siuce the rotor iB accelerating, 
the.poe1tive pvrtion will necessarily be 

ot a longer tim• duration. 

0 

-....... -

�tOft HYAf1He A ! ..... .,. ... ,,. 
<·�c.:.::-r:::• > 

I 

INDUCED ROTOR VOLTAG� 
fOIOI • .IOf 

Rotor at 95% of synchronous speed • 

speed difference (slip) = ;% 
1nduced frequency = 5% or 60 cycles/sec 

= 3 cycles/see 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• 
• 

. -16-
time of 1 cycle � 1/J aec 

time or 1/2 cycle = 1/6 sec or .16? 
aec approximately 

�-------b··�Measuring Induced Frequency 

DISCUSS 
�VITH 

CLASS 

USE TD# 
103 • .308 

( 1) Another way of stating condition "one'' !or 

proper synchronization 1s: our synchronizing 

control circuit must keep the d-e exc1tat1on 

£!! the field winding until such time as the 

rotor haa accelerateQ to at least 95% o! its 

synchronous speed. In other words, we need a 
sensing component that will � produce an 

. .. 

output signal until the proper induced frequency 

bas been reached. As already stated, this will 
. 

be. when the time span ot one-hal! cycle o! the 

inducod voltage and !requency lengthens to 

more than approXimately .t67 seconds. 
Z) One o! the easiest methods to accomplish th�s 

is by means ot an accurate time-delay relay. 
We shall use an off-delay relay so constructed 

that 1 tlif armature will o.p�n approximately • 167 
5econds (or some other pre-selected time value 

depending on the speed selected where 

synchronizing ia to be initiated) after the 

holding coil has been de-energized. One Of 

the relay's coutacts will be normally closed 

(wb•n coil is de�eners1zed) and will provide 

the e1gnal for applying the d-e excitation • 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• 
• 

DISCUSS 
WITH 

CLASS 

. . . .... ... -

-17-

TIMING OF JNOUCEO 
VOLTAGE ,AEOUENCV 

TOtoa.aoa 

(3) To make this relay operate so that it can "see" 
. . 

and measure the lengthing time-per-cycle of 

induced voltage, we will feed its holding co1.l 

with only one halt ot each cycle of the �ndUC$d 
voltage. Thus, the holding coil will be 
energized tor one-nal£ cycle, de-energized the 

next. half cy cle, energized the next hal! cycle, 

etc. It follows that after the relay armature 
18 closed (contact open) it w:Lll remain closed 

during �ll succeeding OFF halt cycles whose 

t�me apan is leee than the t�me delay settin� or 
the relay (approximately . 167 seconds). But, 
when �n OFF halt cycle 1s reached whose time 
span is greater than the time-delay S$tt1ng, 
tne armature will open. 

(4) As shown 1n Figure 8, after the relay armature 

1s closed at time o, the induced voltage 1s fed 

to the holding coil. At time l, the holding 

' . ... .. . .  ' .. , ........... , • •. ,, . t .. "',.-www . 
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coi.l ia de-energ1.zed, but the armature remains 

closed because ot the time-delay !actor. 

.Be tore the time-delay factor can "time out" and 
, 

release the armature, time a 1G reached and the -· 

holding coil ia ener!ized once again. 

(5) Tbia sequence repeats itself keeping the 

armature closed until time 5Z is reached. Here, 

the ti�e span between 'Z and 53 ie long enough 

tor the relay's residual magnetism to decay to 

tho point where the armature opens before 

Point ;, is reached (when another holding pulse . " 

would be'available) and signal� tor the d-e 

excitation to be applied. 

�---------c ·· � Sensing Pole Polarity 

(t) Con<11t1on number "twott stated that tor J:r�per 
synchronization, each rotor pole should be 

lagging slightly behind a stator pole or 

opposite polarity. When this condition exiats, 

we know the voltage induced 1n the field Winding 

will be �D the n�gative half cycle, hence this 

must be tbe proper t1me tor the d-e excitation 

to be applied to tbe !1eld. 

(Z) Figure 9 shows that portion or the synchronizing 

<:ontrol c1rcuit that contains the holding co:ll 

or th� time-delay relay and the hal£-wave 

raot1!1er which allows current to paae in one 

direction, but not the other. In Figure 9-A, 

the diode is positioned so that the positive 
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- I"'SITIVC HAI.JP C'I'CLr Ol'�fiATIOIII 

3!> LW  
I /' 6) .. ,'-ll H ·�· vr:��---1 h;ldtlll---

.

--� 

... � ... HE04TIYI' lioi.Lt CVCLt Ol'ltltA,ION 
HOLDINIJ COfl. OPERATION 

TOIOa.aot 
. · . 

hal! cycles of the 1nduced current flow 1n the 
holding coil and the negative halt cycles are 
used tor time-out. Here, wheu the relay arma­

ture would open, tbe d-e would be applied during 
a pos.itive haJ.f cycle. TlU.s we do not wa..o t. --

(3) Figure 9-B shows tbe diode rever$ed so that 

now the positiv·e half oyclea are UGed tor time­

out, causing the d-e to be applied during the 

negative halt cycle, as reqUired. 
(4) ThuG, we eee that our secon� requirement !or 

proper synchronization is met by the proper 

directional posit1on1ng or the half-wave 
·----

rectifier, 
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-zo .. 
d. Masn•tic Controller Operation 

� C��i�o�l) 
The two main parte ot the controller that 

satieties the above requirements are: 

..--------. ( Z) 
USE 'rD# 103.310 

(a) •-c &tartiDg control c1rcU1t - appliea 
a-c power to the atator 

(b) d-e synchronizing control circuit -

detarminea when to apply d-e to the rotor, 

sends the eignal to apply it1 and maintain 

1t. 
The basic a-c induction co�trol circuit (one 

part of the synebronoue motor controller) 16 
. .. 

very eimil&J• to the control circuit utilized 
tor an a-c, single-speed, squirrel-case motor 
ia shown in Figure 10 • 

. .. --· .. .. ·-· .. . -- ·--· .. . - . . .  

ou OU! 

A-C CONTROL. CIRCUIT 

·• . 

l"ltllte 10 TDIOUIO 

- -· ---·-·· • . . . .. · · · ·-·· _____ __,__ _____ ---� . ·-·-· · · ·  ·-· .......... - -·-- ··-- -
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(a) As ebowu in the diasram, 
1) When a momentary input is applied by 

pll&h1ng the "Start" button, the "CR" 

coil is energized • • •  

Z) closing the 11CR" contact and energizing 

the "M" coil ••• 

.3) Ytb.1ch closes "M" contacts in the motor 

circuit, starting the motor AND 

4) which also closes the "Ma" contact 

(hold1ng interlock), continuin6 the 
original output after the "Start'' 

• • 

button is released. 

(b) Note, too, that we have used: 
1) overload relay• 

2) control circuit transformer (optional) 

3) control c1rcu1t fuses (optional) 
(e) There are two noticeable differences: 

1) A current transformer bas been added in 
L) or the motor circuit to power an 

ammeter which in��catea the value ot 
current (1n ampereE) the motor is 

draWing. This comb.ination is atandax·d. 

Z) A field ha& been added to the motor 

symbol to indicate a synchronous 

motor. 

(d) Other dev�c�s and aymbola w�ll be added 

later as tbe scheme is completely 

developed. Thue !ar our operation in the 
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a-c control circuit parallels that used 
-/ with a standard squirrel-cage motor. 

• 
• 

,...-.-------. (}) Tb.e <1-c synchronizing circuit ( SLIPSYN) shown 

USE TD# 103.,311 1n Figure 11-A is a e1mple but ve�y accurate 

method to perform synchronization. 

(a) The key component is the ASR relay, 

which incorporates two separate 

operating coile: 

1) 1ASR - the pick-up coil, which cloees 

the relay armature 

2) 2ASR - the holding coil, energized . .  

only during negative half 
cycle� o! induced volta6e, 
which applies d-e to the motor 

tield on timed dropout 

'b) In addition, our control also utilizes: 

1) T - an inductive timing relay that 

controls the sequence ot the 

field appli�ation components. 
Z) FC - the !�eld contactor, which. couuecta 

the motor field winding to d-e 
excitation source, also connects 

the field starting and discharge 
resistor in series w1th the motor 

field dur�ug start-up and also 

when the field excitation is 

removed • 
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D'"'C SYNCHRONIZING CONTROl. CIRCUIT 
Ple�ore II TO IOU II 
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.., ... �·· ... .. 

�) AM - a d-e a�eter, which shows 

. . 

ampere value of d-e current flow­

in� in cyucb..ronous motor .field 

when the field in energized. 

This instrument ia standard in the 

control scheme. While not shown 

as part ot the scheme, a way ia 

always available to adjust the 

volta&e value ot the d-e supply. 
'.i'ben the amount ot current in the 

d-e .field c�n be adjusted to tho 

value shown on the motor nameplate, 

�t the same time, the a-c 
ammeter reading can be matched 

against the motor na.meplato 
�ating, thus determining if tne 
motor is producing its rated 

output. 
(c) When the motor is started (Figure 1 1-B) 

an auxiliary coutact '"Ma" of the a-c motor 
c1rcu1t contactor closee, permitting d-e 

. 
current to flow •• • 

1) !rom " ... 11 • • •  

2j throu&b "Mt:t" contact (now closed) 
(l1ne 2 l) • • •  

;,) tnJ""ough contact '".r\.c" (normally 

closed) • • • 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



. J 

• • 

USE TD# 1 03 .3 1 2 

4 )  Through c ontac t • • FC.:b" ( normally 

cloaed)  • • • 

5 )  energi zing pick-up coi l 61 1ASR" o f  tho 

t·i eld appl ication relay . Thj.& 

operating coil pro v i d e s  the main 

wagne ti ziD! forc e to ac tiva t e  all t he 

ASR c ontac t s .  

( d) AT THE SAME TIME, aa th e rotor s tarts t o  

turn , an a- c voltase i s  induc ed 1 n  its fi eld , 

causin6 an al t ernating c urx· ent to flow 
through con tac t "P'C " ( NC main contac t o f  

• • 

t1eld contac to r )  and the di s c harg e  

resi s to r .  The negativ e hal f- wav e rec t i ­

ti ed por t i o n  o r  this current !lows in the 
"2ASR11 c i r c ui t , causing the 112ASR" holdin& 
coil to be energi zeQ . 

( e )  Re fer to Figure 12•A. Just as soon as 

pi ck- up coil 11 1 ASR11 is energized , its 
normally - c l o a •d c o n t a c t s  in line 2' open 
to blo ck o u t  c o il "FC " .  Also , 1ts 
normally-open conta c t s  in line 22 close 

allowing d-e curr ent to ! l o w  • • •  

1 )  from "+ " • • • 

2 )  through contac t "Na" ( line 21 ) • • •  

3 )  through co nta c t  " A.S R" ( line 22) • • •  

4 )  energizing coil "'r" . 

. . . ., .  � · - ..--· - - ...... . . .  - --· ·- -- - � · .  · -
. . .. .. .. , ... .., ... , .... � ... . 
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F2 

o-c SUP PLY VOLTAGE 
FC 

SUPPLY VOLTAG� 
FC 

-

oo �----------�-------------

2 1  --�.-� �----�--------�·�� 
22 
2! 
24 a 

FIELD COIL. CIR CUIT COMPLET!D 

OPERATION OF D-C SYNC CI RCUIT 
Fi QU " 1 2  TO 1033 12 
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I I  

0-C SUPP LY VOLTAG E 
FC 

2 1  ��+-� �----� �------�.&�--� 

22 
23 
24 

. ' 

20 �--�--------�------�--
2 1  ·��.,._�_,._ .......... ooof 1------f.aiaal--... 
22 
23 
24 8 

" FC " COIL OPERATION 

0-C SYNC HRONIZATION COMPLETE 
F i g u re 1 3  TD J 03.313 

- - � - -- · -- - - - - · · · - _.  _ _  - · ·  . .  

. . . . ... " .  . . . .. . . . . ,. • '" · ·  ' " '  ' • . ' I  • " ·  , ., www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



J 
• • 

D I SCUSS 
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( f ) n� t e r  to Fi gur e \ 2-B . Tho normally­

c l os ed con tac t 11Ttc 11 in line 21 opens 

and de- energi z e s  pi ck-up c o i l  " 1 ASR11 , 

( g ) 

maki.ng th e " ASR" relay so l el y  responsi v e  

t o  tha r e c t i fi e d !iel d curren t .  AT THE 
SAl1E TIME , c o n tac t " T t o 11 ( line 23 ) clo s e s  

an d  s e t s  up the field c ontac t o r  coil so 

that "FC" coil Will be energi zed when 
"ZASR11 coil ill line 1 0  r e l eases i ts arma-

ture and allows "ASR" conta c t  in line 23 
to cl o s e  and compl e t e  th e field coil 

. .. 
c:l.rcui. t .  

Refer to Figure 1 3-A. When the !requency 

time span ot tbe induc ed field current is 
long eno ugh for the 1 12.ASR" coil to time 

out , the uASR " reJ.ay dro ps o u t  • • •  

1 ) 
. 2 ) 
, ,  

clo sing contact "ASR11 ( line 2}) • • • 

energizing coil "FC "  • • • 

open.ins con tac t 1 1FC "  ( l ine 1 1 ) , c an c e l -

ing b o t h  the " a.AS R "  holding coil 
( line 1 0 ) and the� compl e t e  fi eld 
diac hars e ctrcui t 

4) the "FC" c oil also c lo s e e  i t e  two 1 1FC" 
contac ts in the mo t o r  field circ ui t ,  

apply ing d - e  to the fi eld winding , 

. .  � ------- -- - - -- - - - - - -- - - ------ · · - - - � --
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USE TD# 
1. 03 . 3 1 4  

� )  a t  t h e  s am e  time , c o n t 3 c t  11 FCa" in 

line 24 closes main tai ning circui t 23 

• • •  and conta c t  " FCb " in line 21 opens 

to keep coil " 1 ASR" !rom being ener-
si zed again . 

( b )  Re !'er to Figure 1 3-B . When contact "T to " 

times out and re turns to ita normally-

open etate , the ttFC" coil r emains energize d. ,  

ellowing i ts mo tor field circui t  contac t s  

to continue t o  supply d - e  to the !ield 
winding o t  the mo tor . Simul taneously , as 

. " 
con tac t "A.SR" .in line 23 closes , "ASR" in 

line 22 opens , de-ene rs1zing timer coil 

"'1' " .  At'ter the t:Lmo s e t ting o f  coil "T " 

lapses , "Tt c "  in line 21  closes and 11Tto" 

iu line Z3 opene . Al l  the control c�rcu1ts 
are now reset ready to repe a t  the eyncbro­

nizing cyc l e  as soon as signal ed to do so. 
( 1 ) The normal state Of the overall basi c 

synchronous mo tor co�troller inc luding 
the a-c c o n t ro l  circui t 1• shown in 
�sura 1 4 . The ac tual ele c trical 1nter­
locking betwe en the •-� and d-e c ontrol 

ctrcui ts is no t e d .  Only when coil ''M" 

( line 4) is enerS1zed can �be fl eld b e  

conne c t ed t o  t b. e  d- e source . When "M" i �a  . 
open , the fi eld c anno t b e  energized • 

. . . . ·� . . . - - - _... . - . - - . .. - . - . . ·-� . -www . 
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�. Prot ection Schemes 10 DI S CUSS WITH �LASS } 

a .  I n troduction 

WRITE ON 
CHALKBOARD 

( 1 ) As was the case tor o ther types o r  con trols , 

the eynchronous mo tor con trol must eati a ty the 

addi tio nal requir ement ot providing pro t e c t i on .  

( 2 ) Three types o t  pro t e c tion must be built into 

this control , and are considered to �e s tandard : 

( a) Overload Protec tion 
( b) Pull-out Protection 

( c ) Damper·w1�d1ng Pro t e c tion 

b. Overload Protection 
. .. 

( 1 )  A motor overload protection uni t  i a ,  iD reali ty , 

a devi c e  that sense6 the amount o t  current b eing 

drawn by the mo tor. When the current drawn by . 
the mo tor exc eeds a predetermined Yalua , this 
pro t ection uni t responcle and disconnects t�.ff 
moto� trom the line . Thus , the motor , the 

control apparatus , and the as sociated �res are 

all pro tec ted from exc essive hea ting that can 

be caused by exc essive motQr overloads .  This 
dav� c e  is commonl� call ed an OVERLOAD RELAY . 

RE-USE ( Z )  It follows that the s e:•1ng el ement o t  thia 
TD# 103 .3 1 4 

.. . . . ..... -._ ........ 

overload relay muat b e  looat ed in the po wer lin es 
to tbo motor , as shown i n  Figure 1 4. The 
s chematic shows sensing elements in two 
conductors o !  a 3-wire , '-pbaae UD6rounded 

csupply ayatem. 

·· · - - - · - · - - · - - ·- - - · · -- · - .. -- . --- · - - - - -- -- - · . .  - - - - . 
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CLASS 

!n thie particular circui t ,  the e oneing 

element is a thermal type and it operates 
through mechanical linkage to o p en the main 

power conta c t s  wh en an overload o o c �ra . 

( 4) When the motor draws e xc e ssive current , th� 

ovorload relay causea the toggl e me chani sm to 

tr1p t which opens the power �ontacts and 

41aoonnocts the motor trow the power supply . 
In addition , power 18 removed tro� the control 

circUit by opening the normally-clo s ed relay 

contacts OL 1 and/or OLZ . 

c .  Pull•Out Pro tection 

( 1 )  When load torq ue becom e s  so great that the ro tor 

can no long er keep up Wi th the elec tri cal 
speed o !  the magnetic !ield or the s tator,  the 

rotor starts slipping poles , euper1mpos1ng an 

a-c curr ent on the s teady s tat e d- e in th� field 
wi.ncli.ng. Thia 1a cal l ed ' 1pu�l-�" · NBMA 
s tandarde call tor pro t e c tion agains t Gu ch be 

provided in a synchro nous mo tor con trol sy s t em. 

( 2) The mAin damage that ca.n be done i s  to the 
1nsulat:1on of the motor·. Wh en the ahatt 1s 
loaded b eyond pull-out torque ( 1 50% to 250% of 
rated torque 1s standard) , the rotor s tar ts 

al1pping pol e e .  I f  tbe mo tor i e  n o t  immediat ely 

turned o t t ,  high over- c urrent will bs d rawn , 

resul ting i n  exc essive heat , which will damage 

the insulation o t  the mo tor . Combine this wt th 

, ,  ., . . ... . ..., www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



-' 

• • 

--- - - ·· ·- - · · 

USE TD# 1 03 .3 1.5 

(3)  

th e tac t  that speed o f  r o t a t ion o f  the ro t o r  

{ whi ch is t b e  chi e f  means o f  di ssipating heat ) 

1s d e c r easing , and i t  i s  fairly obvious why 
pull-out pro t e ction ia required . In short -

MOTOR ' HEAT WILL I NCREASE BECAUSE OF INCREASED 

CURRENT 

HEAT DI SSIPATING CAPABILITY WILL DECREASE 

BECAUSE ROTOR ROTATI ON I S  SLOWING DOWN 

We ac compli sh pull-out pro t e ction by u tilizing 

a comb1nat'1on pull-� relay and trans forme r  

( l egend-PO) ae shown in Figure 15.  The 

primary o t  the pull-o u t  trans former is conn e c t e d  
1n aeries w1 th the d- e field . Obvio usly, when 

only d•c 1s tlowing in this circui t ,  there i s  

no current induc ed in the secondary o f  th� 
trans former , BU! • • •  wh en a pull-out c ondi tion 
develope • • •  

( a) the resultant a- c . super1mposed O.ll the 
. ' fi eld 1s ted into the primary o t  the 

transformer 
( b) current is induced i nto the se condary 

( c ) energizing 1 1PO" c oil co nne c t ed in the 1 1P011 

trans former s e c ondary 

( d ) op eni.ng "PO " contact in a-c c on trol circ ui t 

( line 3 )  t urning the �o tor · o f t . 

- - . - ··-- - -- · ·  - - - ·- - -·� · - · -· --·· - . - .. - · - . 
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( 4 ) No te , too , that a aepar s. t e  "Tto " c o n ta c t  

( line 4 )  1 s  utili z ed i n  t h e  a-c circ ui t as a 

holding int erl o ck around the "PO" c o n tac t .  

Th1e contact i a  employ ed to pre v en t  the m o t or 

trom being eb u t  down wh en bo th d-e and ind u c e d  

a�c are pre sen t i n  the fi eld winding ( simi lar 

to pull-out condi tions ) du�ing syn chroni zing. 

Recalling the opera.tion ot uT" 1n line 22. • • •  

1mmecl1atel,y a!ter "M" clos es , "T '' is enGrgized , 

clos1n5 "'l'tott  in lin e  4. Since the "1'0" 
trans former is no t seeing curren t during 

• •  

s tarting , "PO " 1n line 3 c anno t open ; b u t  i t a  

operation , wh en "FC" clos e s ,  1s bypassed by 
'''l't011 in line 4 ,  wlU.ch then opens so 1 1P011 .i s  

affe c tive a f t er the delayed drop-out o !  "T" 

folloWing syn cbron1z1n5 and the fi eld c ur�en t 

is s t eady s tate d- e .  
d ,  Damper Winding Pro t e c tion 

�----------� ( 1 )  The motor • s  damper Wind1ng , wh� c h  1s u til1zed 

· USE TD# 1n producing mo st o r  th� �tart1ng torq u e , nas 
1 0, . , 16 

a rather shor t current- carrying time ratins; sinc a  
i t  i s  actually in operation only during s tart ­

up . I t  the mo t or !ail s  t o  start and a c c el era t e  

i n  this short time period , the damp er-winding 

t emp6rat ure will ri s e  above i ts s a f e-limi t and 

c aua e the w�nding to burn out or progr e e s1 v ely 

weAken i t  to tll e point wher e 1t Will even tually 
!ail. This is an inh erant we�tn e a s  of any 

damper winding. 
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DIS CUSS 
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CLASS 
( Z ) As ebo� in Fi g ur e  1 6 , t h o  damper vdndi9� r e l ay 

( legend-DP) provides the required pro t e c t i o n .  

I t  ia a th ermal- type .relay si milar t o  t h e  over­

load relays used !or mo tor OL pro t e c ti on . I t 
1 1 se e s "  th e induc ed c urrent in the fi el d during 

s t art-up , whi ch beats i t s  thermal el emen t at 

approXimately tbe same rate  as the damper 
wiud1ng. I t  th e motor hasn ' t synchroni�ed 

within a pre s e t  time period ,  i t  opens i t s  

contact ( "DP11 in a-c contz-ol circui t , line ')  

sbu.tting 4QWn the motor . This relay i s  rated 

sucb that the motor mus t a c c e l erat e  in normal 

11!!• or t h e  relay contac t vdll open . 
e .  Summary 

( 1 ) So far 1n our dis cussion o r  the c on trol ror 

synchronous mo tors , we have di scus s e d  
( a) toe b a s i c  theory invol v ed 

( b )  th e ov erall oparat�on o t  t h e ; 

a- c control circuit 
' . 

d · c  synchroni zing cir cui t 
( c )  tbe standard pro t e c tive devi c e s .  

( 2 )  Th e c on troll er as diagramed i n  Figure 1 6  1 s  

eompl e t e  an d  standard . But a s  i s  o f t en the 

case , c ertain addi tional control !eaturee may 

be desirable .. 
f .  Mod1 f� c a t 1 o ns - Addi t i o n al  pro t e c tion 6 C h em e s  are 

common t o  the synchronous mo tor con t roll er. Th e s e  

modi fi cations can be u s e d  singly o r  in any 

---� - -
, • ' , •· , ,  • < l,. o f • • ' , • • ' . • • • . ' .  ' !"ttCCIIIIt 
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c omb i na t i o n . They arc ; Pro t e c ti o n  Again c t  L o c s  o f  

Fi eld Curren t , Pro t e c tion Asain e t  Lose o f  Fi e l d  

Current and Vol tage , Au tomatic  Fi eld Ch e cking tor 

Op en Circui t ,  Dynamic Braking and Inco mpl e t e  

Sec:tuen cing . 

�--------� ( 1 )  Pro t ection Agains t Loss o f  Fi eld Current 
USE TD# 1 03 .317 

• •• ; 4 ...... .,.. .. .... . • ' .. . . .  • • • • • • • , •• • • • 

( a) I f  d-e volta6e i s  avai labl e for the field 

winding o t  the mo tor , but no curr ent c an 

tlow wh sn the fi eld contac tor cloaes , the 
mo tor can never synchroniz e .  And ,  1t the 

mo tor con tinues runni ng wi th no d-e fi el d ,  
. ..  

the already above no rmal s tator c urrents 
• 

can overhea t and dBJJlage the mo tor. 
( b )  Th e damper winding relay canno t be depended 

on al to, e ther to s e ns e  this condi tion , 

b e c au e e  by the time mo tor spe ed approaches 

eynchronoue sp e ed i ts bea ting ra t e  baa 
tal l en o t t  c onsid erably , since th e induc ed 

c urrent 1n th e fi eld s tar ting circui t is 
s�arply reduc ed . Th e .  o v e rl o•d r e lays will 

even t u ally t rip und er thee• condi tions , 
and thei r th ermal lag may allow und esirable 
motor o verh ea ting be fore t h ey oper�t e .  I f  

the !i eld Winding sho uld op en abruptly 
durin� running , the PO relay may sense the 

condi tion and shut down tbe mo tor . I f  the 

ti eld f�il ed 5lOwly , c han c e �  are th e PO 

r elay would not operate . 

- - - - - -- - -· - . . .  · · · · · · -- · - - - - ....... --- -·- - - - � · - -
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- 39 -

( c )  Ono me tho d  o f  providing pro t e c ti o n  agai n s t  
l o ss o r  fi eld c urr e n t  c a n  be e e en by 
examining Figur � 1 7 .  Here a relay c al l ed 

"FL" wi th a d- e c urre n t - s ensi tive coil i e  

conne c t ed i n  o ne side o r  the d- e po wer 

supply and its NO contac t is conne c t ed i n  

line 3 .  An on- delay a .. c ti ming r elay "TD "  

is al so us ed . I ts coil 1a added in line 6 
and 1 t s  time -openi ng NC con tac t ia  added 

in line 4 ( around 1 1 FL "  contac t in line 3 ) . 

No t e� J-hat coil "TD 11 i s  e nergi z e d  wh en the 

"Star t "  'button ·is depressed . 
( d ) Under normal c onc11 t1ons , the "FL 11 coil in 

t�s d-e cir cui t will be energi z ed wh en the 

f1'jld 1a applied , cloaing "FL" contac t in 
tl". 't a- c con trol c1rcu1 t line ' .  

( e )  A };re!ielected. time a f t er the "T%:>11 c oil i.s 

en�rgi zed ( time enough to allow the d-e to 
be dppl1 e d  t o  the ti eld vdndin5 and the 
mo tor to synchrotlize) ; the "TD" con tac t 
( 1114e 4)  opens , tran s f e rring the responsi­
bi li ty tor s e nsing flow ot field current 

by d epe nding upon " FL "  c oil and i t s now 

closed contac t ( wb� ch will s t ay clos e d  as 

long as field curren t is flowing ) .  

( f ) In t�e e v en t  that t h e  !low of d-e in the 

fi eld circuit i s  no t present or i n t errup ted 

for any reason , the " FL "  c oi l  i s  -

. . . . � .  . . . 
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--------a ( 2 )  

USE TD# 1 03 . }1 8 

1 ) 
2 )  

3 )  

-4 1 -
de-energized 
open t t FL ' '  c ontac t 

shut ting down tha 

in line ' 
motor . 

Protection Against Loss of Fi eld Current and 
Voltage 

( a ) Here , .  add1 t1onal pro t e c tion is provided to 

· prev ent starting tbe mo tor it the d-e 

supply vol tage ia not present .  Tbis me tbod 

does no t apply when a dire c t- conn e c t e d  

exc i t er is uae4 t o  pro�ide synchronous 

tield .axci tation. 

( b )  As shown in Figure 1 8 , a vol tage-s ensiti ve 

coil is added to the "FL" relay and conne c t­

ed in seri es wi t h  a NO , time-ope.uiug "T�" 
c ontac t  and across d - e  s upply ( + and - )  on 
the lin e side o f  " FC "  c ont a c t s .  A N C  
:l.u t erlo ck o f  "M'' 1 •  e.dd ed t o  line 6 i n  
eeri e s  wi th 1 1'rD " c oil to provide proper 

•equence int erlocking during s tart-up .  
( c ) " FL "  relay is s e t  s o  �hat wh en " FL "  

po tential coil i s  en ergi �ed from no rmal 
. 

Q-c exci tation voltoge supply , i t s  con t a c t  
in line ' closes , which all ows mo tor to 

be start ed when "Star t "  but ton is pushed. 

"TD to '1 c on ta c t op ens aft er mo tor is syn chro­

n11.ed , allowiug " FL "  current coil to d e t e c t  

loss o r  exci tation vol t age and/or current 
and to shut down the mo tor , 
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CLASS 
( d )  I t  i s  int ereatinC to no t e  that , in bo th 

Figures 1 7  and 1 8 ,  the timing relay "TD" 

1& ad j u 5 t e d  to operate at t er the mo tor 
aynohroni ze s . Because , in e t re c t , all 
th• control tunc t1ons hav e had a c hanc e  to 

p e r form in their proper sequen c e  to 

synchroni z e  t h e  mo tor b e fo r e  "TD" relay 

operates • •  , the "TD" relay is al so ac ting 

as an 1 11nc ornpl e te sequenc $ "  relay . I t  1s 

the last relA1 to operate in the overall 
eynohronizing s equenc a .  

. .. 

r---------� ( 3 )  Au toma tic Fi eld Checking For Open Circuit 

USE '£D# 
1 03 . 3 1 9 ( a) I t  a syn chronous mo tor 1s started Without 

a compl ete circuit to the fi eld throush 
the etart�n� and dischar5e reaistor , a 

high vol tage will be g enerated in the field 
during s tart-up becaus e of th e open ��rcu1 t 

conditio n .  T h e  mo s t  common point o r  

vulnerability which c an  cause an open 
circ ui t  is the alip-ring brush assembly on 

the mo tor . Maintenance men l�t t  the 

brushes to olean the rings and some times 
forget to r•pl a c a  thu brushe a .  I t  the 
but ton i s pushed in thi e si t uation , the 
motor will star t as an induc t1on mo tor but 
tna d- e can ne v er b e  applied , and the field 

winding will be damaged • 

-- ... - - - · ;.... . . ..  -· ·- . .... - ·  --- ... -·- .. .  

. . .  . . . .  , . . .. . .... , .. -.... ..... . \ .· . www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• 
• 

DI SCUSS 
WITH 

CLASS 

- 44-

( b ) Our basi c r equiremen t t h en , i a  to pro vide 

a means of d e t e c ting an open fi eld- ci r c ui t  

au tomati cally. 

( c )  ,., 
The pro t e c t1ve scheme which sol v es this 

requirement 1e a Westinghouse excl usive 

and is sbowu 1n Figure 1 9 . 

( d) When tho start pushbut ton i s  depressed, 

current will tlow in line � • 

1 )  through NC contact 1 Ttc 

2 )  through the primary o !  t h e  1 11'1eld.­
check.1ng*' trans former 

• • 

( e ) ·  Current Wl.ll then be induc ed 1n the 

secondary o t  the trans former lo cat ed 1n 

the fi eld starting and dis charge circui t ,  

causing a small curra�t to circulate 
through the field and �acharge circui t and 
1 )  energize coil " 2CR" • • •  

l) closing contac t  "ZCR'' 1n line ' ( to 
act in pla c e  o f  the etart button uaed 

in our other appl� c a t1ona ) 

' )  e.nerg1.z1.ns c oil " 1 CR" to c ompl e t e  the 
s tarting s equence diacussed previously . 

( t ) In addition , whel:l coil 11 1 CR" 1s energized , 

contac t 11 1 Ca" in line a,; al so closes ... 
energ1 .t1ng coil " f1'" • • •  ins t an tan eously 

opening con tact " 1 Ttc"  in line 3 to 

el1m1�a t e  fi eld checking voltage , and 

closing contac t s  " 1 Tto" connected parallel 
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in the fi eld di s c harge cir cUi t to shor t - out 

"FC" tran� tormer s e condary and "2C:R11 coil 

( as their design doa� no t permit carrying 
ot c urrents induced in this circuit duriag " · 

s topping ox· starting) . 112CR" con tac t in 

line 5 th en opens , but "Ma" in line 4 has 

·closed by this timo con tinUing the circ ui ts 

es tabli shed when 1 12CR" contact closed 

1U1 tially . No te , oQ atoppiug line 2, , 
11 1 CR'' opens to start "IT .. to time-out , 

a t t er the t1we lapse is  finished ( the 
' . 

fi eld circUit completely discharged ) its 
cont•c ts return to the posi tions shown .  

( g) Wben there i s  n o  o p e n  t1 el4- circui t ,  the 
mo tor s tarts through the pro c ess Just 
described . 2ut what happens i t  there ia 

an open fi eld-cir cUi t? 

( 11 ) When tlle start button 1s depressed in 

l1�e 3, the induc ed volt age in the 

trans former secoudar� .p.f4'JJi9l cause current 
to fl ow be cause th e cir cui t path is i n-
compl ete . 

( 1 )  As a resul t ,  c o11 11ZCR" i s  NOT ·energi zed -

and canno t close contact "2CR11  1n line 5 ,  
preventing the mo tor trom starting .  

-------.., ( It) Dynami c Brak.ins 

USE TD# 
1 03 . 320 

( a) In many applications , normal motor 

" coasting" to a stop is no t ac c eptabl e .  
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· - - - - · - � - .- · · · · - - . . .. 

-kn-t h e s e  cas e s , t h e  usual r oqu�remont is 

tor spe c ial braking . This is par t i cu l a rly 

true 1n the Rubber I n dustry where ALL -

s tope are el e c tri c ally-braked stops . 
( b ) Most  braking req ui r emen t s  are requ e s t e d  

to� o n e  or two raasons -

1 )  tor the safety o !  per$Onnel ( can b e  

stopped 9 9 . 9% tas ter than normal 

coae tins) 
a )  Wi th high inertia load , the motor 

can b e stopped much tas t er than by 
• • 

normal coasting . 

( c ) Our basic r equir ement then , is to provide 

a means ot rapidly braking the mo tor to 

a atop . 

( d )  Thi s c an b e  ac complished b e s t  by dynami c . r 

b1·aJ:c.1ng as shown in Figur e 20 . Th e a- c 

line s  are opened , three c o n n e c t1ona from 
the wo tor power lines to r e si s t o rs a c ross 
the stator conn e c ti o n� are c l o s e d .  The 
d - e  field mus t be kopt on.  A s  t h e  mo tor 

i s  brought to a e top , i t  a c t s  as an a- c 

generator wi th power fed !rom the stat o r  

t o , and di ssipa ted in , the r es i s tors . 

( e )  When the s t o p  butto n  is pushed 1 the entire 

a-o c o n t ro l  c�rcui t  is opene d ,  d e- en er5izing 

''M" and "DB" simul taoeo usly . Sinc e  "N" 

and "DB" ( spring closed main con t ac t s ) 
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RE-USE 
TD# 1 03 . 3 1 5 

-49-
a r e  m e c hani c:all;y i n t e r l o c k e d , "W' mo t o r  

cir cui t conta c t s  mus t  b e  open b e fore "DB " 
main co ntac t s  clos�  • • •  prev en ting a short 

... 
o f  th e a- c power sy s t em thro ugh tbe 
'braking raai a tors . When "PB" main con t a c t s  

close , th a resistors are conne c t ed acro s s  

. th e  motor t erminal s .  ( When the mo tor was 

8 t ar t ed ' 'DBa'' in line 25 c l o sed , energi zing 

timing rel•y coil " 1 T " and i t a  con tac t 

" 1 Tto" i n  line Z' closed ins tantly to s e t  

up "FC" c o i l  cir cui t to per form a.t i ta 
• •  

proper time in the synchroni z1ng sequence 

and allow the fi eld to remai n enorg1zed tor 

a pre-d e t e rmined time atter "M " opein& ) .  

"DBa" in line 2.5 opens , cau sing " 1 T" t o  

time .... o u t  ( 3  se conds maxitnum ) and d i s c onne c t  

field from exci ta tion 50urc e .  

( ! ) O ther con trol circuitry i s  possibl e to 
ac complish the same resul t .  Th e pa rticular 

c ircui t us ed hera is only typi cal . Whe re 

a field rh eos tat i s  used , i t  mus t b e  
bypassed dur1ng t h e  brakin6 �eriod s o  t h a t  
tull fi eld c urrent � b  avai l abl e to r taa t 

stop . 

( 5 )  Pull-Out \V1 thout S h u t dowu o t  r-io tor 

( a) Normally , syn c hronous mo ta� controll ers 

are conn e c ted to shut down the mo tor on 

pull-ou t ,  aa shown in Figur e 1 , . Oq rare 

- . - ·  ·---· - · . · · · · · - -
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USE TD# 1 03. 32 1  

RE- USE 
TD# 1 03 . 3 17 

. · - ·  - ·- - · ·  . -.. .  

appl i e a t1 o n s , i t  may b e  r e q ui red that t h e  

motor no t shut d o wn  on pul l -out , but Q u t o ­

mat1cally r e - synchroni z e .  This is easily 
accomplish ed as shown in Fi gure 2 1 . 

Ac t�all y  the "PO" con tac t 1n line 3 1s 

SPDT 1net ead o t  NCST , as shown . Ey j umper 

arrang emen t this NC "PO '' con tact i.n line 4 

and the parall eling contact 11Tto " o t  line 

5 are moved to the d• c  synchroni zing s cheme 

and connec ted. in para1l el wi th 1 1FCb 11  

contac t ( line Z l ) EXCEPT the NO 11P011 
' .. 

con ta� t is uaed ina t ead o f  the NC contac t .  

Now on pull-o u t  t h e  a-c control circ ui t  

e ta.y s en e rgized . The NO "PO" contac t 
c loses , bypaae1n' "FCb" now open , and 

energi z e s  " 1 ASR" ( 11nti! 2 1 ) whose now closed 
con tac t in line Z3 opens and cuts o rr th e 
field , and s tar t a  the synchronizing 

s cheme as though the mo tor was just s tart ed . 
"�to" bypasses "PO " con tac t  during synch ro­

nizing and preven t e � o t h er re-sync hroni zing 
try un til a f t e r  previous try ,  !ield current 
s e t t l e s  down to st eady G tate.  Care mua t be 
exerci s e d  when u sing . th e  re-aynchron1zing 

s c h eme 1 £  o th e r  op tional pro t e c ti v e  

features are u s ed .  Fo r exampl e ,  i f  the 

"FL" feature in Figure 1 7  were i n c l uded , 

the circui t ry ill us trated in Figure Z l  

c oul d no t di f f eren tia t e  b e twe en a "loss o f  
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( b )  

!i el d 11 and a "pul l - ou t 1 1  eo e. a  to Bhut d own 

on loss o r  fi eld but re-synchroni ze on 

pull-out . 

Just about everythini we hav e di scussed 
regard1ng sync hronous motor c o n trol has 

related to ri eld appli cation and removal . 

This i s  the only thing that di f ferentiates 

8yn ehronous motor control 1'1·om squirrel ... 

cage induc tion motor con trol . 

( c ) All or  the same basi c components can be 
utilized to perform synchronizing !unctions 

" .. 

1n all types or s�nchronous motor con trol 
wh ether t h ey be 1..9!! or medi\1m vol tage . 

( d ) Rememb er , too , that syn chronous mo tor 

controls , be cause or their similari ty in 

·the a- c mo tor and control circui t s  to ·the 

sqUirrel-ca� e  mo t o r  coutrol s ,  can u tilize 

eimilar reduced voltage s tar tinG b esid es 
the al re ady ill u s tra t e d  full-vol tage 

s t arting • • •  au to tran s r� rmer and reac tor 

types are t h e  m o g t  popular . 
� .  Typ1 cal t on t rol 

�---------a-·� Magneti c 

,.. 

• 

• 

USE TD# 1 03. 322 { 1 )  The sch emati c diagram for a typi c al �estinghouse 
Class 1 4-250 Full Vol ta�e S t ar t er i s  sho�� in 

F1 gure 22.  

( 2 )  I n  summary , t h e  fun c t ions o r  principal devi c es 

are : 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• • 

DISCUSS 
WITH 

CLASS 

� .. 
I ::ATIDif 10u6 

TYPICAl. CONTROt.LEA . 
,,,.,,-u TO IOJ.IU 

( a ) The Line Contactor operates to co nn e c t  

the mo tor t o  the a- c line . ( This 
contac tor ie replac e d  by s tar ting and 
running contac tors 1n r ed u c e d  vol tage 

. 

start ers to c onne c t  an d  short o u t  tlle 
autotran s former or reac tor ) . 

( b ) The Thermal Ov �rload Relay pro t e c ts tbe 
synchronous mo t o r  !rom damage du e to over­

load , singl e-pha6e operation , and field 

!a1lure . I t  o p e rates to trip out the  

line con tac tor . 

' . � 

.. 
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( c ) Th e Fi e l d  Co n t � o t o r  c onno e ts the mo tor 

fi el d windings to the sourc e or dp c 
e x c i tation. I t  also conn e c ts the s tarting­

fi eld diacbarge resi stor in s eri es W1 th 

t h e  mo t or fi eld during t h e  starting period , 

and a�ain wh en fi eld exci tat1on 1s removed . 

( d ) The Starting-Fi eld Discharge Resi stor i s  

used to  improve the mo tor a tartins torq u e  

and t o  limi t the inQuc ed fi eld voltage 

durin& s tarting or when the !ield exci tation 

1 15  removed. ' . 

( e ). Tbe Damper Winding Pro t e c tion Relay pro t ec t s  

the aamper windin! o f  the synchronous 

mo tor agai�st burn-out in th e e v ent the 
motor fails to start an� ac c elerat e .  I t  

.f operates t o  trip ou t the lin• contac t or .  

• • 

·llh, ' of" :  • 

( r) The Synchronizing Relay controls the !1 eld 

contac tor , so that it close6 wh en th e  mo tor 

baa reac hed a suffi c i en tly high speed and 
th � pol e a  are 1n a favorabl e rel ationship 

. .  

tor synchroni.zi.ng . 
( g )  Th e Re c tox r e c ti f1 es the component of the 

induc ed fi eld current t b ereby polari zing 

the holding circUi t o f the synchronizing 
relay . 

( b) The Pull-Out Relay opera t e s  on pull-o u t  

o t  the ayn c h•ono us mo tor t o  trip t h e  11oe 

contac tor , thus shut ting down the motor ; 
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- .. 55-

�r to en er�i � e  the oy n c hroui zing r e l ay 9 

thereby initiating a resynchroniz1ng 

e e q u en c e , depending upon conn e c tions u s e d .  
"' 

The AuXiliary Se quenc e Relay contro l s  t h e  ·· 

sequen c e  o r  t h e  fi eld arplica tion equipm ent 

and nul li fi es the pull-out relay during 

synchroni zing . 

( j ) '!'he Fi eld Rheos tat , whil e usually suppli ed 

(k)  

( l )  

separately wi th the motor o r  exciter , 

ordinarily may b e  mounted on the control 

panel . I t  ia used for adjusting the 
" .. 

c urrent flowing to the synchronous mo tor 

tield. Wi th indivi dual e xci t ers , t hi s  is 
usually a c c ompl1abed by varying th e 
exciter vol tage . 

The Mas t er S wi tch , whe ther a puahbutto� 
s tation , fl o a t  swi t c h , pre s sure swi tch , 
o r  o ther devi c e , operates to start and 

atop the moto r .  
Amme t ers , both a-c an� d-e are supplied 

!or u�e in ad j us ting th� exci t ation and 

to give an indi cation o r  the currents 

flowing . Addi tional m e t ers may b e  suppl ied 

on ord er .  

( m) Current Trans formers , where n e c essary , 

aupply current in dire c t  ratio to lin e  

current , to the overload relay , an �  t o  

the various me t ers • 

• ' " .4fi�,., .,_.. " ' I  I '  ' .. . .  : . .• ::::-·\.,.-ra __ �··  ,.. f .  �- · :  . 
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( n )  A Control Transformer ia used on all 

high-vol t age s tart ers to su pply power at 
a low voltage to the various control 

devices.  S e condary fusee are provided 

for thi s trans former . 

( o)  An AuXiliary .Relay 1s used w:L th tbe la rger 

c ontaetors interposed be tween the master 

swi tch and tbe contac tor c oil . This is 
necessary to han4le the larser coil current . 
A similar contao tor , to6ether With an 

ant1-p�p1ng relay , is proVided to energize 

the circui t breaker aol epoid ,  When used. 
( p )  lnstantaoeous A- C Undervoltage Trip � s  

provided on all etarters wh1 cb use contactors 

tor the line swi tch . This s tandard f eature 

ia obtained by ac tion o l  the line con t�ctor • 

or auxiliary relay it used. 

( q )  T�me Delay Und &rvol tase Prot e cti on may be 
provided i t  speci fi e d .  An auxiliary relay 
ie used Wi th t1me-openin& contacts to 

maintain the hol ding circ ui t  for a abort 
time , t to 1 t  ee conds , arter voltage 
!&1lure and thus Will ini tiate a n ew 

atar t1ng cycle W1 tbout at t ention from the 

operato r .  provided voltage returns to 

normal Wi thin the t1we delay period o f  t h e  

acbome . An addi tional relay 1s u s e d  to 

provide permanent sh utdown on op�rat1on of 

the "Stop" pushbut ton • 

f • • A. 'II • .  .c\" ''fl..""· ... · ,  • .  ' , . .  ,.�- . . · · · \"':' ":"': www . 
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( r ) A Time Delay Undcrv o l t Age Trip Dev i ce i e  
provided for use wi th all high-voltage 
a tartera whi c h  are circui t br eakers for t h e  

line swi tch.  Thi e devi ce operates 1n 

conjunc tion wi th tho resular breaker under­

vol tage trip attachment , and delays the 

tripping ac tion for a period or approXimat ely 

two seconds . This time delay is obtained 

trom energy s tored in a condenser whi ch 

continues to su ppl1 power. to tbe trip 

attachment for a short time a!ter !allure 
o t  vol tage . Ins tantan e ous trippin! o c c urs 

when the "Stop" control switch or but ton 

18 depressed. 
( ' )  Controll er Operation 

. .. .. , . ..... 

( a ) Rererrins to the diagram shown in F1�ure 22 , 
cloeure o f  the "S tart " pushbu t ton energizes 

the line contactor and tb e motor i s  conn e c t e d  

t o  the line and i s  a c c el erat ed a s  an 

induc tion �o tor Wi tb . ±ts  fi eld connec t ed 

acroes a s tarting an� di scharge resi stor 
through a damper wi nding pro t e c tion rel ay .  

( b )  At the same time t h e  synchron1 �1ng relay 

"ASR" and auxiliary sequen c e  rela y "T" are 
&Dergized thus nulli fying t.h e pull-out 

relay , s etting up the coil c i r c ui t  of the 

field con tac tor , and making tbe dropout o f  
.. 

the synchronizing relay dependent upon 

1ts holding coil • 

· • · • .... r · · · 1 . · · •�•- # • l  •· • • ' ' • . ' ' -�'1'-';.1·" •• 
' ; ,· . . .. .... : ��'.�. · ·  ��- �  ,. www . 
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( c )  Opera tion o f  the e yn c hroni zing re l ay 1 a  

baaed on th e variabl e frequency of the 
motor induced fi eld c urren t during s tart­

�ns . Ae shown in F11ure Z} , a re cti fi e d  
ba1 f wave por tion o f  this current i s  used 

as a me ans of holding the relay closed 

during s tarting , t h e  time intervals o r  

the no c urrent hal ! o r  th e wave iucreas�ng 

as the frequency o !  tb e mo tor field current 

decreaees with ac c el e ration or tbe motor , 

Wh en the time 1nt erval b e tween recti fied 
• • 

· c urre�t hal £ wav es exc eeds the time delay 
o r  t h e  relay , the relay operates to close 

..-----. - �t"ese:T 

- FIELD C URRENT 
-- .. -ASR HOL OI NO 

COIL CURRENT 

ASR RELAY 
TIME DELAY 

D I S TUR BANCE 
INCIDE N T  TO 

SYNCH R ON IZING 

FIELD CONTRACTOR 
C LOS E S  

ASR RE LAY OPE RATION 
Fl guro - Z S TO 103. 3 23 
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t h e  fi e l d  c o nt a c t or an d apply exci tation 

to the �o t o r .  Th e polarity of th e h al f 

wave Re c tox recti fi e r  i s  arranged to apply 

exc i t at�on wh en th e mo tor rotor is in a 

tavorable posi tion for good synchroni zing 

per .formazl c e .  

( d )  As shown 1 n  Figure 24 , the synchroni zing 

relay can be ad j us t ed to opera t e  over a 
mo tor ind u c ed field curren t  freq u ency 

range o t  1 to ' · ' cycl es-- corresponding to 

9B to 94 per c en t  mo tor speed based on a 
. "' 

( e )  

60- cy c l e  machi n e . Thi s  ad justment is 

mad e by varying th e adjusting nu t 1n the 

front ot the relay . A calibra tion plate 

16 provided to simplifY th1a setting. The 
relay should b e  s e t  to operate at the 

lowest frequency ( hiih est mo tor speed ) the 
mo tor will at tain u.nd.er the most s evere 
s tarting c ondi t ion , so that th e ma ximum 

u eabl e pull in torq u e  i s  ava1labl e .  This 

is o t  special importan c e  1n appli cations 
involvlng h1gll iner t1a loads . 
Closure o f  the fi eld c o n tac tor places in 

• 

the circ ui t a trans form er coupl ed high 
8pe ed , highly sensi ti v e  pull-out relay for 

pro t e c ti on agains t failure to sync hroni ze , 

or ror pro t e c tion i n  cas e th e mo tor pulls 

o u t  or synchronism after b ei ng in e t ep • 

• • 0 , . , . ' · ' - . . .. ' . .  ,.....,. -
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