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~_ SYNCHRONOUS MOTOR
FIELD CONTROLLERS AND THEIR APPLICATION

LawrencE B. FARR
SR. ConsuLTING ENGINEER
DxsTRIBUTION EQUIPMENT DIVISION
WESTINGHOUSE ELECTRIC CORPORATION
: PQ Box 5715
AsHeviLLe N.C. 28813

ABSTRACT:

In the past’ several years Solid State Techrnology has made Motor Field

Regulation Te

The effects of Field Voltage,

miques cost effective.

Field Current,

Power Factor, and, VAR

controllers on the mill power system will be discussed.

IF BUS VOLTAGE STABILITY IS A PRIORITY THEN THE VAR CONTROLLED
‘MOTOR FtELb HILL BE THE CONTROLLER OF CHOICE.

INTRODUCTION: ,f

The ability to /control the synchronous
motor field and hence the mill power systems vars
and voltage has always been attractive. Because
of the cost and complexity of synchronous motor
field regulators only a limited number of PF, Var

or Field Current controlled systems were
installed.
However; in the past several years

technology has reduced the cost. Simpler field
regulators have been developed and hence a demand
has risen for this type of control.

This paper 1is written to aid in the
selection of the best field regulator for the
application.

In applying a-field controller the engineer
not only has to be aware of how the motor will
react to the field controller but how the power
system well react to Veoltage Dips and ‘;;knf
Swings. :

This paper will first review synchrenous
motors response to load and field current changes
with respect to power factor and var flow. Then
it will review what happens to the power system
during load swings with various field controllers

applied.

It will be shown that a VAR controller will
be the controller of choice for constantly
changing loads.

A method will be advanded to help control
the total mill VAR flow of wutilizing VAR
controllers and communications equipment
éurrently available.

0-7803-0689-9/92 $3.00 ©1992 IEEE
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THE SYNCHRONOUS MOTOR:

To understand what happens to a power
system lets first review what happens within the
Synchronous Motor. Figure 1 shows the vectors
at various impedance components and resultant
voltages as the load (output torque) and terminal
voltage is held constant.

jXqlq s
v iXdid Ve jXdid| vq
jxdia ’xch v %
g 4i I\ §lq | lq
pa po ; po
pt of
ia Id Id
Underexcited Unity Overexcited

Logging Power Factor Power Factor

't
E’ \ B= conslont
3 _ 74
%‘ 3—‘09 pi=1 ol Toos
2 -
}:ield C'uuenl' ‘ el

Fig. 1

V-is the terminal voltage of the motor.

Vq-is the internal generated voltage do to the
field flux and the rotation of the motor.

Xq-is the reactance of the motor between the
salient poles. .

Xd-is the reactance of the motor on the face of
the poles.

Xq-Xd in round rotor machines,

I-is the motor current,

Iq-is the real current in-phase with the internal
generated voltage.

Id-is the reactive current flow.

Leading Power Factor




Figure 1 shows the relationship of the
phasers within a synchronous motor operating at a
constant terminal voltage, power output and
varying the motor excitation (field current). The
resultant "V® curve is shown. A detailed
discussion of these vectors is beyond the scope
of this paper but See Charles Concordia’'s and
Samual Seely’s excellent books on this subject.

jm . -
Xeid jxaid 'quq Xl Vg
vl va v v Iq
1 1™ I
F : p% -
! ol
. “Lﬁ; @ -
Underexcited Unity Overexcited

Power Foclor

Logging Power Foctor _ Leading Power Factor

Fig. 2

Figure 2 shows the relationship of the
phasers within a synchronous motor operating at a
constant source voltage, motor excitation and
varying the power output. Figure 2 shows the
resultant power factor shift due to the change in
load. This curve is typical for most constant
field potential or constant field current
exciters in use today, It is this shift in power
factor that generally concerns engineers. However
it 1s not the shift in power facter that causes
the bus voltage swings but the shift in motor
vars. This will bes discusscd in further detail
under ths Power Factor Regulstion section.

Some parts of a mlll have constautly
svinging loadsz. The crushers are a typical of
this problem. The SAG and Raw mills tend to be
more stabla.

This constant loading and unloading of
synchronous chipper motors causes the plant bus
voltage to swing and is a cause of concern for
mill operations. Many papers have been written on
how to use static var generators and synchronous -
condensers to stabilize these mill bus voltage
swings.

A TypicAaL POWER SYSTEM:

To show the effects of the different
regulator systems we will use a typical power
system fig 3. If we look at a power system whose

12

total connected load of synchreonous motors is
80% of it's incoming transformation and the power
system impedance is 10 % of the transformation.
Such ‘a typical system could be a refiner or
grindar department.

120% w2

wmey WM ‘;3;;..'.\' -
30

A TYPICAL POWER SYSTEM

Fig. 3

This typical SAG/Raw mill sren consists of
4-4,000 hp 80% leading synchroncus motors. The
normal load {s 6 mills operating at any oné time.
Being a well designed area it 1s feed from two
different feedsrs. The following wvaluss are
chosen to be a soft but vorkable system. If we

" used a rock sulid system ths typs field eontrol

would be of little intevest. The aves is fed by
2-15 MVA 132,800 volt primary and 4160 volt
secondary 5.75 % impedance transformers. Theo
feeder impedance has a 150 mva fault capability.

ConsTANT POTENTIAL EXCITERS:
(UNREGULATED) ¢

300 we
x oron ;
4,160 VUTS FUE
———\{I?D:I;—ﬂ-—
TPeED SR/
o o pafRiesre— NS [
OGOE FELD AFPUCATION
B

CONSTANT POTENTIAL EXCITER
(UNREGULATED)

Fig. &4

Figure 4 shows the typical single line for-
a constant potential exciter in a E2 moto¥

starter. »
Constant Potential Exciters are tapped
transformers and diode bridges. The output

voltage follows the line voltage. Fig 5 contrasts
the motor terminal voltage regulation as the
motor load swings from 0% to 200 % output power.
For this discussion 1 PU voltage is set up as the
no motors running condition, The motors are
operating at B80% leading power factor at 100%
load. At 100% load this leads to a 7% increase in
motor terminal voltage and a 5% increase in the
bus voltage. However as the motors unload the kw
drops, the leading vars increases between 20 to
30% and the power factor drops to 0% leading.
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Fig. 5
Where as there is a vn.lcage rise after the
motor is started the var flow is reasonably
stable once the unit is on line.

Secting the warm full load field current
is a somewhat difficult process of reconnecting
taps and running the motor again. When the motor
is first started up the cold field resistance is
low and the field current is about 15 to 30%
above normal. It takes about two hours for the
field to warm up and the field curremt to
stabilize at its final value.

Thera are some stspility questions: as the
motor load decreases thne var flow incyesses, thus
increasing the motor terminal voltage which iIm
turn increases the field current which: in Curn
increases the var flow. TLike wise as lhe motoxs
take on load ths var flow is decreasad dropping
the terminal wveltsge aad decreasing the
exciration.

If tha wotor pgoes into overload aud rhe
voltage drops too low and tie available pull out
torque will decraase perhaps to .a dengerous
level. The system gain is low in a brushed
synchronous motor but can bhe troublesome in a
brushless machine on a soft power system. In the
past szveral laustallations have experienced this
voltage =nd mechanical oscillation/instability.
As a result most constant potential brushless
field controllers have a voltage stabilizer (SOLA
transformars) Installed to limit this effect.

Coustant PotentraL EXCTYTER:
(REGULATED) :

3,000 WP
MOTOR
4,780 VoLTS ASE N
——-Nirzil:ar—
FXED
o WK TeesromEn by 4-pd

MIELD APPLCATION
A DICTER PAMEL

Fig. 6

Figure 6 is the single Iino; for a Constant
Potential 'Exciter (regulated) in a E2 motor
starter.

ARl g
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The Field Voltage Regulated Exciter often
called the variable voltage exciter consists of a
semi-converter (SCR’s and Diodes) or full
converter (all SCR’s) single or three phase. The
unit addresses two deficiencies of the Constant
Potential Exciters; they are easy to adjust and
the stability question is eliminated.

CONSTANT POTENTIAL EXCITER
FELD VOLTAGE REGULATED

1.1 =
vg-v.u—
& 1.08 —
! 1.04 —
oyl
=:.oa
oaod o o1 T4 SSUSEN TERT geivi
o 20 40 | 100 120 140 180 18D 200
FERCENT LOAD
Fig. 7

The var flow is about the same with less
rise on unload and less droop vhen the motor
loading. There is no stability issues with the
brushless motors.

B Fieip CURRENT REGULATED:

The DC Field Current Regulated exciter has
a voltage regulation curve the samo as the
Constant Potential Regulated supply except the
warm up period is eliminated. It has advantages
in systems whera high impact loads &re likoly to
ocenr and it is desirable to field force prior to
the event. The field forcing can be well sbove
full field for & short ctime say 125 ¢ for 1
Minute without damage to the exciter or the
motor.

POWER FACTOR REGOLATEDRD EXCYvems:

Lets investigare the 'sffects  of power
factor regulation on the power system, The first
assumption 1is that the 'power factor being
regulacing fs thet of the mwotor and not ‘the power
system.

Amn we
']
4,100 VLT i
, NI s
-t FIG/DEC
T FED [
L FELD APFUCATION
A0 DITER PANDL
W .1
o -]

POWER FACTOR REGULATED EXCITER

Fig. 8

Figure 8 shows the single line for a power
factor regulated motor.



KW AND KVAR
PF REGULATED AT 80 X

Fig. 9

Fig 9 shows the relationship between the KW

and KVAR requirements as the motors are loaded.

. Remembering that the voltage regulation -is

affected very little by the KW loading and is

greatly affected by the VAR flow it is of

interest to look at the effects of loading on the
voltage regulation of our typical power system.

BUS VOLTAGE RISE
POWER FACTON REGULATOR

Fig. 10

Fig. 10 shows the relationship between
Motor load and Motor Terminal Voltage in. the
typical system. This assumes the power factor
regulator 1is set up. for 80%, 90% and 95%
operation. Power factor regulators. sound good
exgept where load swings are a constant: there,
fore the var flow and system. voltage .are
constantly swinging.

A - comparison ' of° the constant potential-
excitexs voltage regulation curves and the power "
factor regulated curves indicate that the power .
factor regulated motors cause a higher wvoltage
swing than the constant potential exciter.

With the field current increasing as the
load increases most of the pull out concerns of
the constant potential exciters are eased. The
concerns of impact loading and resultant pull out
of 'a unloaded synchronous motor with its field
current down at tHe no-load level was addressed
in the 1990 ' IEEE paper “"Experience with
Synchronous Motor Driven Chipper Drives with
Power Factor Regulation" Jones and Hamilton.
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VAR REGULATED FIELD EXCITERS:

Fig 11 shows the single line for a Var
regulated controller in a E2 motor starter.

3,000 WP
'}
4100 vurs . FusE
N{TT3 i O
cr
or | M

VAR REGULATED EXCITER

'Fig. 11

’ We have seen that the voltage fluctuations
are due to the swinging of var flow in the power
system. Fig 12 Shows how regulating the motor.Var
output over its load range eliminates this
voltage swing. To be sure the motors coming on
line would increase the power system voltage but
the Generator Voltage regulator and load tap
changers compensate.

BUS VOLTAGE
* e 2 VAR REGULATED
10000 — 1.08 — VOLTAGE
— =¥ — -
8000 — g 1.04 — AAES /

£ -

Euﬁ: § 1.05 —

g -

4000 — 1.02 —
Chii e
2000 — 51.01—
2 Mgl

: RN T

‘0 10 20 30 40 S0 80 70 80 %0 100

PERCENT LOAD
Fig. 12

ﬁith>the motor field current well above the
no-load level the concerns of impact loading are

eliminated, The Field Forcing on transient
overloads 1is similar to the Power Factor
Régulated Exciters, However the motor field

starts from a higher level.

A PLANT f’ﬁmz "APPLICATION:
T . ] - .

Control. of the 4ndividual var output of
‘synchrohous motors solves some of the mill system
voltage ;problems.” However there are long term
plant load changes such as Finish Mills going
down, ' quarry operation and normal maintenance
shutdowns that make it desirable to change the
profile of the power system,

With the modern data gathering systems
similar to the one discussed in the 1990 IEEE
paper ‘"Networking Communication for Power
Monitoring, Protection and Control of Mill Power
Distribution" Krug and Quayle, makes it possible
to adjust the reference of the individual
synchronous motor to meet the needs of the total
mill power



