
4. Primary system relief valve open. 2. Reactor power period too short (used perience required to design and construdt
-5. Turbine trip valve closed. during start-up only). such a plant in the most economical and
46. Superheater tripped. 3. Manual tripping by operator. safe manner.
7. Manual tripping by operator. SIJmm07 The design and installation of the

TheSfoumowingnconditionsacauseYtotal electric system generally follows that
The following conditions cause total The Elk River Reactor Project repre- of a conventional plant. Equipment and

shutdown of the reactor by inserting all sents one further step in the development materials used were standard manu-

13constaro of nuclear energy for the generation of factured items; however, in many cases
restart: electric power. Considerable contribu- application differs from that found in a

1. Reactor high power level. tion is made to the knowledge and ex- conventional plant.

T .TD.nL | IJ .* quence equations are the complex conju-ransient Torques in 3-rnase unuuction gates of the corresponding negative-
sequence equations. Hence, one needs

Motors During Switching Operations to consider only the positive-sequence
CASE OF STARTING

M. R. CHIDAMBARA S. GANAPATHY When balanced 3-phase potentials are
applied to the terminals of an induction

Synopsis: Transient torques developed in derived by H. C. Stanley.6 These equa- motor, the rotor of which is held sta-
3-phase induction motors, during switching tions are so complicated that their gen- tionary, the positive-sequence equation

operations t the.line, and duritang plugging eral solution is very difficult. Solutions for the rotor is given by
are studied. A mathematical analysis for have been worked out by special simplify- (rp+x0D)(i*1)+xmD(iaeiC')0 (1)
torque is given for each case. The expres- ing assumptions,7 or through the use of
sions are obtained in the normalized form a differential analyzer.8"9 General solu- This equation can be multiplied
and are studied for various numerical tons for the transient response of a 2- throughout by e- since b is assumedvalues of the parameters of the machine.
An experimental verification is given for phase induction motor have been de- tobeconstant. Then
the case of starting. Based on theoretical veloped, based on close approximations.0 Q0 +xD)(i tA)+,x,D(iw)=-O (2)
and experimental studies conclusions are Gilfillan and Kaplan have given a trans-
drawn. formation to Stanley's equations and have The positive-sequence equation for the

studied the transient plugging torques stator is

uJ HEN AN INDUCTION motor is with the help of a differential analyzer.11 (r +xaD)i1+x D(ip1) = Val (3)
W switched in any way, whether while The transient analysis of certain types of

at rest or while running, transient torques machines can be made conveniently by It should be noted that vai = Vaiei'
that are usually several times the final the method of instantaneous symmetrical where Val = 1/2 Vae19, the potential v.

steady-state value, occur and must be components. 2 being given by
considered in the design. The transient In this paper, from the equations of V= Va cos (ut+1)
conditions in induction motors have been performance for a balanced 3-phase induc-
studied for a very longmtime. Almost tion motor expressions for the transient Taking the Laplace Transforms of equa-
a of these studies refero the study of torque are derived for several conditions, tions 2 and 3,
transient currents, only a very few, to an "ideal" cylindrical rotor machine be- Vi/(S-j)P =(ra +sXa)I gis)±sxneIpl(s)
the authors' knowledge, refer to the ing assumed in the analysis. To the (4)
transient torques, but without a complete authors' knowledge, for the cases of plug- 0=sx*mI,.l(s)+(r7+sxg)Ipi(s) (5)
and satisfactory analysis of the problem. ging and reconnection to the line, the gen-

R. E. Hellmund discusses the peak eral expressions for the transient torque Solving for 4a(s) and l.l(s), one has
currents and overvoltages that are caused in a normalized form are not obtained Val(s+lp)
in an asynchronous machine immediately elsewhere. Ie($) exa(s-j)(s-)(s-) (6)
after certain changes in circuit connections With the help of these expressions and -0V
are made.1 W. V. Lyon investigates the the set of normalized curves given here, it Ipl(s) . (7)
transient currents in electric machinery is possible to predict the peak transient axgxC(s-)(s-c)(S-,)
by the vector method.2 David L. Lind- torque for any motor with known values Paper 61-221, recommended by the AIRE Rotating

and E. W. Yeaxsley have given of parameters. Machinery Committee and approved by the AITEquist ~~~~~~~~~~~~~~~~~~~~~~~TechnicalOperations Department for presetattion
graphical methods of analysis for the at the AIEE Winter General Meeting, Newr York,
suyof transient performance of elec- Theoretical Solution N.re.eeJan°uarys29-iFoebruar 8,.1961 and re-

tric elevators.' V. H. KRu has studied the General MIeeting, Detroit, Mich., October 15-20,
transient currents in synchronous and in- The differential equations for the per- 1961. Manuscript submittedA November 15, 1960;
duction machines.4 H. E. Koenig ob- formance of an induction motor, in terms M. R. CRIDAMUAA Il with Wtasigton Univer-
tains the performance equations of several of the instantaneous symmetrical com- sity, St. Louis, Mo., gand S. GAXAJATUT Is with
tyrpes of machines, which hold good both ponents have been given by Lyon.1ls dhraPRdesh,ndEnia,rn oeg,Wrnd
for steady-state and transient perform- These equations reveal that the positive- The authors wish to than Profesor H. N. Rams.
vice.' Differential equations for the and negative-sequence varibles are sepa- chandra Rao of the Indian Institute of Science,
response of an induction motorhave been rated. Furthermore, the positive-e throughout the progress of this workc.
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place Transfonns, aaaT{r ig2 is the complex conjugate of ig1.
('c@+j)eT (K~+a)eaT (/5-)(j-a:)+(a-)jjS (9) Substitutingand simnplifying, the torqueVcgi _________ _________ (a-))(.-. expression becomes~Xa(a-j)(~-j)(xa-,)(j-a () The expression for torqueis given by T-X __.VX{"\

(a ,B~()(j/T=K P/2&x Arpg 2 real part of T"P(Xa)-X J (l+aa)(l1+nt)X
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[+(cos7+ Val s,+j(1-n) fJr+ (1-n)
\ T+.....~S1fT)Ga?..... $cl L(j-pl)(j -PS) £iJ-~Pi 1.1P

1+Cfo ] (ii)pi (n1-I,)

(COS T- SiflT)Sn7 T (11) ( +P-jn)P T + [9y+(1+8-n)21 [Y2+(l-5)'1]
The commnon coefficient in this expres- (KA +P2 jn) PSlT (15) the sum of products of the first and

sion is the steady-state torque. If T, de- P2J)(P2_P) second terms is
notes the steady-state torque, the ex- xm V.YF j(l-n) (Pi*+jn)je(P1*+J)T
pression within big brackets in the rhs +a +- ')(_-P2)(P_-P_ *)+
of equation 11 gives the ratio of the tran- pIx iP5r
sient torque to the steady-state torque. (pieJn)e(PI->n)T+ (l-n)__ (pi-J)_r

If a is represented by -pi and 6 by (Pi P2)(PI j) (P1-P2)Ii-PI1 x(j+Ph*)
-P2 (P2-in) (PS-1n)T1 (16) =-pT
KaS+K K<0tfy and fJ J-)(P2-PI) Jj-il 'I(j-P2)12' 1 Pi-P21

PI e _ p2= + where pi and p2 are the roots of the char- L1(P1.+.n)(P
acteristic equation (1-n)(P,*-P *)(p 2j)e-1(i+8 1-n)]

It can be seen that pi is very large x
compared with p2 and thus the effect of s'+ in)s+a(Ko-in) 0 The real part of this expression is
the damping term p2 persists longer than _-
that due to pi. Hence let the transient K lf 2/ (n-26)X
torque be expressed in terms of P2 and L' n
another term t, which is defined by {= =-7+j(n-) [ty2+(1-.)(1-n-.)) cos(1+5-n)T-
P2/P1. -yn sin (1+3-n)i]
Hence the torque expression becomes as .2 =

follows: P2=- the sum of the products of the first and
third terms is

F=L1 +,-P2(1+ /{),_ -y+j (P2*+jnje(p2*+J)TTS The expression for torque is given by (i-pl)(Ii-P2I )(p*.p*)
(cos- + sin 7T (P2) T=K2 Arp2Re{ji*2fisidr} (1- )e(2 r

P2(1- ) / o j-P21 x(j+P1)(P1_P2)
COS rT+ smP2 P2e2Y7( +P2(1) )i11-e (12) ih2 is the complex conjugate of i,i. _e_-_X

Therefore, J S1P2 IS giVen by =j-pll 2. Ij-P21 2.1 P 21
Having obtained the final expression for Xm V.H((1-n)e-f(1- )T (p2* +jn)j(Pi*+j)(Pi- )(e
the ratio of transient torque to the 2-

X
x L(j+P*)(j+P2*)+ (1- n)(pi P2*)(Pi- )eji(1)TJ

steady-state torque, this expression could
be plotted as a curve with respect to r, (Pi*+jn)j e(vl*+in)T+ Taking only the real parts, this becomes
the normalized time by substituting (Pi*-P2*)(Pi+j) equal to
numerical values of the parameters of the (P2*+jn)j (P2*+1n)Tl (17) e- T (n-25)
induction motor. Furthermore, theeffect (p2*+j)(p2*-PI*) J (17) 2 2(I-) x
of varying the parameters of the machine Ii-Pg 2. *ieP21 2.! | P2-
could be studied by varying the param- Integrating equation 16, 1 y2-(1+5-n)(2n- 1-1-5)1
eters within the range of values that are r. Xm Va1 cos (1-5)r+yn sin (1-5)r]
usually met with in practice. Fig. 1 1id3dT - *-X
shows a few typical curves. J x ' and the sum of the products of the sec-

CAE OF R1 (,-n7+ ond terms and third terms
CASE OF RECONNECTION TO LINE - Pi)(J-P2) ((PI*+jn)jE(V1+P1*)
Assume that the breakers are open, dis- 1 e( n)+ 1 p-P21 S PI-il 2

connecting the induction motor from the (PI-P2))PI-J) (P2*+nj)jt(P2+P2*)?
line, and that a moment later the breakers 1 f(P2-jin)l (18) IPl.P212- 1P2-JI
reclose when the speed has fallen to a (P2-j)(P2-pi)

Wp

given value. When only the real parts are taken this
The positive-sequence equations for the Therefore, the torque is proportional becomes

performance of1 the- induction_ motor, to the product of equations 17 and 18,

when the rotor speed is constant are only the real parts of which contribute to = 21-J-ls 'P1-XlP2p s
gtven by ~~~~~~Twicethe product of the common co- t(5)(2-n)(n-25)+n{9e+(1+5-n)1 ']

(r,,+Xa,D)iau+xmD(isue!n') =Vai (13) efficients is The sum of the products of the second

xm(D-jn)is+Ir~+xp(D-jn)IX (xm\2({ V\2 and third terms
(ji^fl?),Q (14^) \xt/JXa _/ (p2*+jn)je(Vi- p1*)?..

Solving these equations for ia1 and i,81 where 1/2=21 Va|iu, V being the effective | Pi-P21 '(pI-)(P2 +j)
by the method of Laplace Transforms, value of the applied phase potential. (Pu*+in)ja(P-v1*)f
one gets The product of the first terms is | Pl-~P2I 2(P,j)(Pa*+i)
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Fig. 2. Transient torques in 3-phase induction motors during recon-
nection to line

f r d: n=O.94, yO0.l b:: n=O.92, y=O.4
,,, r-- ----- 1-SI d2: n=O.94, y=O.2 cQ: n=O.90, 'y=O.l

I o da: n-0.94, yO0.4 C2: n=O.90, vO.2
FL - W2 .t31 47? IT 511 IYT 1 b1: n=0.92, 'y=O.1 Ca: n=O.90, 'v=O.4

-97+(1+6-n)(2n-1-X T > 6~~~~~~~~~~~~~~~~~)}cos(l-6)r-ynsin(1-5)r -fTl ~~~~~~~~~~ ~~~~~~~~~~~~~~~ = ~~~(n -26)( 1-n)
11
n

311 411 511
^ 711 1ty|+(1-6)(1-6-n)J cos (1+ 1

p § / * a~~~~~~~~~~~~~~~~-nht+'ynsin(1+5-n) _,
-2 (n-2)(1-n )J

(19)

The common coefficient will give the
2 r steady-state torque during reconnection

*, to the line. Hence one can wrte the
W / ~~~~~~~~~~~~~~~~~~~~ratioof transient to steady-state torque

,, o - / , ^ . -- , ~~~~~~~~~~~inthe form

11IT 311~JT 41 IT ITT 711 51?T4TI sr T y 0T

, L / ~~~~~~~~~~~~~~~~~~~T/T,=[1+(-CI+Cg cos (f)lTC5 sin 'ti)
cotk(-CS T+Cs SiUl*) f

(-C1 cos 5T-C sin T)e -1 (20)

It is very interesting to note here thlat
Considering only the real parts, this be- =KP ItlxmV V X thdapgfcorisntvydfe-
comes 2c Tase torquent from thatin tecase of starting,

e-27T (1-n) since, whenl KpgicK-, the root of thie
-I; 121;3 IjZI psl2X Ij_Fl 2,X charaterstic equation in the cse of

li-M ~~~~~~~~~~~~~~~~staringare
[{ +(n1-)(1+-n)n COS(n- [ n{ y±(1+b-n)} + 2n2=

26)T+(n-26)^n sin (n-25)r] 5(2-n)(n-25) -az ~ -X---2

Therefore, the final torque expression, L' (n-25)a1-n)
when reconnection is made to the supply {Tyn+(1-6)(1+c-n)nJ cos (n- d
following a momentary interruption of 2c)r-(n-26)vn sin(n-25)y n
the supply, is given by (n-2n)2(1-n) 2
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T _ Fig. 3. Transient torques in induction motors during plugging
bi

Tl 2Tn 3" A t4 S" * 7ff a,: n-0.94, -0.1 ba: n-0.92, y=0.4
o _s2: n=0.94, --mO.2 ci: n 0.90, 'Y=0.1

_, -_- _ _ _Xas:n 0.94, -0.4 c2: n 0.90, 7-0.2
bi: n-0.92, '=0.1 ca: n-0.90, -Y0.4

I: _ - \ I \ /b2: n-0.92, -=0.2

-4

Hence, it can be concluded that the
-, \/damping factor in the case of reconnec-

_. tion to the line could be obtained from
those in the case of starting of the in-

rT t ba duction motor.

n1 an t £11 5ff *lI 7f a Further, it will be of interest to note
o I ' ' 1 the following:

I \ / _s .1. The coefficients of sine terms in the
. -2 torque expression are all equal.

-3 2. The ratio of damping coefficients is 2.
3. 3'=42-ai.
4. C1-C=1.
5. G4+C,=2.

t
b The torque expression contains onlly

z fl

an an onf ,r * threevariables,'v,n,and8;t ~~~~~~~~~~~~~~~~~~~~~~~ing,5 is not a vaible, since

The graphs of T/T, versus rfor various
-a

numerical values of 'y and is are show
in Fig. 2.
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Fig. 4. Transient sarting tained from those in the case of starting
torques obtained by experi- of the induction motor. The following

ment additional points are worth noting:
Voltdge applied to stator

terminals: 1. The coefficients of the sine terms in
the torque expression are all the same.

A-100 volts (I -n) 2. The ratio of the damping coefficients
B-90 volts (I - n) is' 2.

(A) (a)
C-80 volts (I-n) 3. 63=02+01.D-70 volts (I-n)

4. cl-c2=1.
5. c-C=2.

The transient torque during plugging
can also be treated as a special case of
reconnection to the line wherein "n"
has a negative sign. In this case, the
torque is obtained as a positive quantity
for obvious reasons.

(C) (D) Fig. 3 represents the curves of TIT,
versus r for various values of y and n.

CASE OF PLUGGING P (xmA,., V \ "X Experimental Verification for the

When a motor is required to be stopped
T= -X Starting Case

more quickly, the motor is disconnected (1+n) The experiment is conducted on a 3-
from the line and then reconnected by |i+pll2- IT+-p;-Ix phase 220-volt squirrel-cage induction mo-
interchanging two of the line terminals. -n[ y2+(l+na)2'}- tor and the transient starting torque,
In this case, the applied phase potentials 5(2+n)(n-25)r -2Tr+ obtained as a trace on the oscilloscope,
will be in the reversed phase order and,_\thllerefo he, Leversedphaseorderand (1+n)(n-25)2 is photographed, using a capacitance
therefore, {-y2+(l+5)(1+n-5)}ncos(n- strain gage.1115
Val=V.1e 2).r-yn(n-25)sin(n-25)7 - r Fig. 4 shows the photographs of tran-

(1+n)(n-25)2 sient starting torques for various voltages
and (21) _l+(l+n- 8)(1+2n- 5)} X applied to the stator terminals. The

Va2= Vf' T cos(1+5)7--yn sin (l+5)ar _-. horizontal axis is calibrated by taking the
(1+n)(n-26) e wave form of the applied potential on the

The analysis of the performance during same frame containing the transient
plugging is exactly similar to that during {9,+(l+5)(1+n+5)1 cos(1l+ torque. Vertical calibration is not nec-
reconnection to the line except for the n-6)r-yn sin (l+n-) -r essary because the transient torque is
fact that applied phase potentials are now (1+n)(n-25) studied as a ratio of the instantaneous
in reversed phase order. Hence equa- (24) torque to the final steady-state torque.
tions 13 and 14 still hold good except that To obtain a comparison between the ex-
Va. is given by equation 21. The common coefficient gives the value perimental results and the calculated re-
Solving for i., and i,f,, one has of the steady-state plugging torque. sults, the parameters of the machine under

=-V.i ,o-j( 1 +n) The minus sign associated with this in- investigation are measured and a graph of
i l=_-Val} K4l-J(l+n) f_jrdicates that the plugging torque is a TIT, versus 7 is drawn. This is shown

vX. (J+PI)(J+P2) breaking torque. Equation 24 could be in Fig. 5. The transient starting torques
(Kf +Pi -in) , written in the form obtained by experiment are projected on a

(i+P1)(PI-P2) T graph paper and the curves traced by
-=[-l+(-Cl+C2Cos0ir- smoothing out the ripples. These are

(K-±+P2-in) J27 (22) Ts shown in Fig. 6. A comparison of Figs.
(j+P2)(P2-Pi) c sin 9lr)c-T+(c4cos027-ca 5 and 6 is made.

and sin 02r)e-`+(-c" cos 31r+
xm J -j(l+n) c' sin 0ar)e-YT] (25) Conclusions

X- 9 0Xa.)(i+PI)(j+P2) As was the case with reconnection to the The expressions for the transient torque

(pi-jn) + line, the damping factor, y, could be ob- are derived in the normalized form for

(j+p,)(P -P,)
+P(P2-in) (P2-Jn)i (23)

(i+P2)(P2-P,) ,_A2

where pi and P2 have the same values l
as those in the case of reconnection to
the line. Fig. 5. Theoretical
The torque expression which could be curve of the transient /___/

calculated as in the case of reconnection starting torque For o Tr a2lT n 4TY SIT 6Tf 711 a1T
to the line, is given by the motor under test T
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and 1.92 times in the theoretical curve. K =torque unit constant
I Figs. 6(B), (C), and (D) show that T-=ct (2rXfrequencyXseconds)

(e s of t 'e t
n = ratio of actual speed to synchronous

the values of the final steady-state torque speed
are decreasing in magnitude, as is k =damping constant, ratio of resistance to

I___ \__/_________________ _ \ lnaturally to be expected with decreased synchronous reactance
values of the applied potentials. a,=1leakage coefficient (= 1 -x,2/xaxp)
The transient starting torque is a D = differential operator d/dT
fundaentalfrequencyt torque

s
andit may *=-napierian base of logarithm (2.71828...)

fundamental frequency torque and it may . nube (. v-)j =imagiary number(- 1)
1 ( ) be as high as 7 to 8 times the final steady- * = conjugate

state value. A, B = number of stator and rotor phases

[ \ / \J VJ \ CASE OF RECONNECTION TO THE LINE References
The highest transient torque is in the 1. TRANSINT CONDITION9 IN ASYNCHRONOUS

negative direction and is about 4 times INDUCTION MACHNBS AND THEIR RELATION TO
CONTROL PROBLEMS, R. E. HElimund. AIEE

the steady-state torque. The minmum Transaaifo,s, vol. 36, 1917, pp. 321-37.
peak is 0.75 times the steady-state torque 2. TRANSINT CONDITIONS XN ELECTRIC MA-

/\(C) and in the negative direction. The peak EINERYt, W. V. Lyon. Ibid., vol. 42, 1923, pp.
(C)

\ / \torque in the positive direction is nevaer 3.
/ \ \ \ /G^ ~~~~~~~~~~~~~~~~3.TILNUNT PBRORANCB 0PR IELBCTRYC BLBVA-

greater than 1.2 times the steady-state TORS, David L. Lindqulst, E. W. Yearsley. Ibid.,
vaJue. vol. 43, 1924, pp. 183-98.

4. TRANSIENT ANALYSIS o0 A-C MACHINERY,
CASE OFR PLUGGING Yu H. Ku. Ibid., vol. 48, July 1929, pp. 707-15.

5. APPLICATION oF NBTWORK THEORY TO TEE
It is observed from the curves that the ANALYSI oF ROTATING MACHINERY; PART I-

SYNCHRONOUS AND ASYNCHRONOUs MACHNEs,
transient plugging torque never becomes H. B. Koenig. Ibid., pt. I (Communication and

(D) positive, although many of the curves Eletronics), vol. 73, May 1954, pp. 162-69.
touch the zero axis when passing through 6. AN ANALYSIS o0THE INDuCTIoN MACHI- ,

/
--- - -- - - - tepgmH. C. Stanley. Ibid., vol. 57, 1938, pp. 751-\7.the maximum.~7. TRANSIENT STARnNO TORQUBS IN INDUCTION

The highest value of the transient plug- MOTORS, A. M. Wahl, L. A. Kilgore. Ibid., vol.
Fig. 6. Reproduction of the photographs ging torque is 5.8 times the steady-state 59p November 1940, pp. 603-07; also Discussion,Fig. ~~~~~~~~~~~~~~~~~~~~~~pp.1263-04.

shown in Fig. 4 value. It may be pointed out here that S. ELECTROxBCHANICAL TRANISNT PERFORM-
the previous two conclusions agree with ANCE OF INDUCTION MOTORS, C. N. Weygand,

di andfor the results obtained by Gilfillan and S. Charp. Ihid., vol. 65, 1946, pp. 1000-0.several conditons and are studed for Kaplan" 9. TANSIBNT PBSPORMANCE OF INDUCTION

various numerical values of the param- MoToRs, F. J. Maginniss, N. R. Schultz. Ibid.,
vol. 63, 1944, pp. 641-46.

eters of the induction motor. With he 10. TRANSIMENT RESPONSE oF SMALL 3-PEASE
help of these expressions and the set or Nomenclature INDUCTION MOTORS, A. M. Hopki. Ibid., vol.
normalized curves which are obtained for 70, 1951, pp. 881-86.

a, b, c=subscript incdicating phase of poly- 11. TRANSIBNT TORQUES IN SQUIRRBL-CAGS
various numerical values of the phase system INDUCTION MOTORS, WITH SPECIAL REERPENCE
parameters, it is possible to predict the o, 1, 2 =subscript indicating Ieoo, positive TOPLU.6,I194G, pp.Gl0ll 09J; also Discussion,
peak transient torque for any motor with and negative sequence p. 1363.
known values of the parameters. a, , = subscripts indicating stator and rotor 12. TRANSIRNT ANALYsis OF ALTERNATING-

v= instantaneous potential CURRENT MACHINERY (book), Waldo V. LyOR
CASE OF STARTING i= instantaneous current John Wiley & Sons, Inc., New York. N. Y., 1964.

x,, xp = polyphase self or synchronous re- 13. Ibid., chaps. 3-5.
Fig. 6(B) agrees very closely with the actance 14. MEASUREMENT OF DISPLACREMNT AND STRAIN

theoretical curve shown in Fig. 5. The xm =mutual magnetizing reactance BY CAPACITY METRODS, B. C. Carter, J. F. Shannon,
first transient starting torque peak 'is P= number of poles J. R. Poreshaw. Proceedings, Institution of

respec~~tMechanical Engineers, London, England, vol. 152,
venery ly 2 times and the second peak O=position angle of rotor with respec no. 2,145,pp. 215-21.

is 1. tims tha in heexerimntalto sttr15. DETECTING SMALL MESCEANIECAL MOvEMENTS,is 1.8 times that in the experimental T=electromagnetic torque in the direction Joseph C. Fromner. RIectronics, New York,
curve as compared with the 2.02 times of rotation N. Y., July 1943, pp. 104-15.

years ago, K. M. Chirgwin developed an that the method of obtaining the torqueDSCUSSIO ,apparatus for direct determination of trace has a very important influence on the
induction motor torque. In his unpublished shape of the trace; artificial as well as

T. R. M. Szogyen (English Electric Coin- paper, Chirgwin shows transient torques, inherent damping of the signal to be pickced
pany of Canada, St. Catherines, Ont., obtained experimentally, for both the up can be decisive. Could the authors
Canad): The authors are to be comn- locked rotor condition and for the plugging give a brief description of the arrangement
mended for their work in this interesting condition. The shape of these transient which has been used for their expeiental
field of trasient switching torques. High torque curves, Fig. 7, appears to be signifi- verification?
peak torques are of cons;iderable importance cantly different from those presented by Also, the size and type of motor used
from the point of view of design of me- Messrs. Chidamnbaraand Ganapathy. Those in the experiment wouldjbe of interest to
chanical linkages, couplings, and shafts obtained by Chirgwn have sharp-pointed know. Could the authors furnish some
mibjected to such torque impulses, peaks near the horizontal axis; they are gnidance on how to select the "damping
The experimetal verification of the similar to the square of a sine function constants" of a motorwhose rotor resistance

authors is of particular interest. Some modified by strong attenuation. I thinkr changes greatly with changing rotor current
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