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MASSACHUSETTS INSTITUTE OF TECHNOLOGY

COMPUTATION BOOK

GENERAL INSTRUCTIONS

In all work in which accuracy and ease of reference are important, much depends upon carrying out the computation in a
systematic manner. The following instructions, taken from the Engineering Department Figuring Book of the Allis-Chalmers Co.,
serve as a guide in this malter.

“All computations, of whatever kind, are to be made in these books, except in cases where
special blanks may be provided for specific kinds of computation. Computations may be made
in ink or pencil, whichever may be more convenient. Pencil figuring should be done with a
soft pencil. All the work of computation should be done in these books, including all detail
figuring.”

“Each subject should begin on a new page, no matter how much space may be left on the
previous page. The subject, with the date of beginning it, should be plainly written at the top of
the first page of the subject.”

“Work should be done systematically, and as neatly as consistent with rapidity. The books are,
however, intended for convenience, and no unnecessary work should be done for sake of appearance
only. Errors should be crossed off instead of erased, except where the latter will facilitate the work.
Work should not be crowded. Paper costs less than the time which would be expended in attempting
to economize space in making erasures.”

“Where curves drawn on section paper (or sketches) are necessary parts of a computation, they
should be pasted in the book, except where specifically otherwise provided for.”

“Computations should be indexed, in the back of the book, by the person using the book.”
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19

PULLING INTC STEP OF A SALIENT-POLE SYNCHLONOUS
MOTCR UNDER LIGHI' LOAD CONDITIONS.

A sallent—pole motor when brought up to speed as an induction
motor usually pulls into synchronism and coperates as a reluctance motor, if
the shaft load is small and other conditions favorable. The selient—poles
follow the rotating m.m.f. O the armature by an angle sufficient to supply
the load on the shaft,. This reluctance torque as a function of the angle
is a sin 26 term. The reason that it depends upon the double angle is becuuse
the polarity of the salient poles is not definite but depends upon the position.
In other words the salient pole is a mass of iron that eandeavors to place itself
in a place where the maximum flux will exist and it does not depend on whether
the field is north or south.

The synchronous torque expressions for the salient—pole machine as
iziven by Doherty and Nickle at the a.l.f.i, corvention in June 1926, are

EV xg v (xd—xl
bl S alig & ——s— smmze

v
- -::g (V—E cos 0).

The first term (sin ®) is the synchroniaing power due to the field
current. L is the induced e.m.f, in the stetor. V is the applied potential,

<+ Y
S ¢ h = e
LT o= szq where xq = the reactance

x4 is the reactence in the direct axis.
in the quadrature &axis and r = the armature resistuance.

The second term (s8in 2 ©3 is the reluctance power. The lust temm
corrects for the losses that exist in the armature. The sum of these comr
ponents eyuals the input to the motor.

Before the field current is connected the input to the motor is ejual
1 v2 (xy = xq) r v?

P = 2 sin 2 © + —;g—-

Core loss has been neglected here, In case measurements can be




“e

mzde. then the core loss shceuld be subtracted from P before it is equated to

the other quantities.

V" (xq ~ %) r V2
P = (core losa) = 3 sin 2 © 4 ;§~

The shaft load being small (only windage und friction), sin 2 ©
will be small and satisfies the eguation in four positions for each 360
electrical degrees of' displucement. 'wo of these angles are unstable
(90 and 270 degrees ) since the slope of the torque curve is negative., The
two possible opersting angles are O and 180 degrees. Jhen the motor pulls
into step as & roluctance motor it may be at either of these angles (0 pr 180
degrees, )
Thus when the field is connected to a supply of d—c. there ure three
possibilities; (1) the motor will oper:te at zero engular displacoment
but with a much smaller armature current.
(2) The motor will operate ut 180 degrees of angular
(3) The motor will not operate continuously es case (2) if
the field current is large enough. In this case the
motor must slip & pole, resulting in voileni pulsations
of current und power.

The three attuched oscillogrums werc taken for the three caces that

are listed above.

Decenmber 168th, 1929.
H. 2. Zdgerton.

lassachusetts Institute of Technolo gY.
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]
< weterminntion of the liament of

inertia a Synehronous lMachine

( Leagaring 1ts Hunting Feriod.

The motional differential equation of synchronous torques
that detemines the angular fransients of a synchronous machine that is

connected to an infinite bus is the following:

2
{ PJSL% + Pp sin @ = load (any function of time)
dt

The electrical damping term has been neglected since it is usually small.

The first term represents the torgue that is due to the accelerntion or

degeleration of the canbined rotating mass of the motor and loade The

segond represents the synchronizing toryue between the two caaponents of

magnetic field which are due to the applied amature voltage and the field

current.

( The coofficients Py and P, will now be detemained in uaits of |
kilowatts, olectrical degrees, and seconds. |
d Inertia torque = J oL 4n pound feet |
WR® 1,

where J = _E = the moment of lnertia in poundals

X = the angular acceleration in mechanical
radlans per aaoondz.

oy (P
Inertia power = % (JX) = i;% (-‘-'E )A  in pound feet per

second.

; 2
If we express the acceleration in electrical degrecs per second then

X -
5 180p dt

since &v mechani¢anl radians = 180 p electrical degrees.




— e

Ihe expression for the inertia power can be now written in tems of

kilowatts, electrical degrees, end seconds as

o 2m WRY, 21 a%- o746
Inertia pawer in kilowatts = 0 {-é-;-)( 5) 1we 550

where r‘j = 0.154 x 10=6 n{WR") or 18.8 x 10~6 —1-‘-‘ WRE)
D e

2
since n=71 ..J;.‘.‘.(.J..
P
The maximun synchronizing power for a three-phase romnd-rotor
aynchronous machine which has negligible amature resistance is
] . lj \\‘-.'J

i © em—m— cilowatts (3)
B 1000 x
where V = temninal phase voltage
= induced phase voliage due to the field current.
= gynchronous reactance per phase.

[f the magnitude of the angular oscillation is not large thoan
the slope of the power angle curve uay be considered as a straight line.
{his assumption meltos equation 1 a linear differential e juatione The
nlope of the power-anzle curve is

lope = P, Ml c08 8
“ 20

Led Y ren e b4 ey e T ant nt an <1
Kilowatis per electriecal degre:

and the linear differential equation is

080 ¢ = 1cad in kilowatts.

e el

—

—
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The differemtial equation ie analagous to a series circuit of

inductance L and capacity C which has the differential equation

2
L% + & = &
dt [

The natural frequency of oseillation of an electrical eircuit

is known to be
R P eyeles per second.
2 | Le

Similarly the frequency of mechanical oscillation 1s

o o
- i | Pp % cos 8
l{‘- 'ﬂ e w
- | 2

- 0uz6e | VEE- 008 0
S (Wi®)

Solving for the moment of inertia

@ -
WR® = 0,072 w
x £ 72

He Le bdgerton
Mslale HOVe 15, 1930
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