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Ultra - Violet Light Recorder.

In order to lx»Ui test and <ietermlne the capabilities at ike 

recording apparatus, it wm decided to .v*cord ne>ood - time end tor qua -

time graphs ior i>oth a squirrel ca^s a-ui v»ound seconder■/ machine.

Thu machine used deb.4 rue inverted had a secondary 

containing thirty six. copper bare. !>. yd inches *  0.4>i> inches k j . i b  inches! 

vmch «,«re  heid iu place by Ora.)* «.td*rir>jei The copper conductors 

nave C.«t > diameter rods pr it trading fron? each end v>hich pass through 

holes in the end-rings and are the/eb/ bolted into place. It was found 

that the copper to brass contact was not satisfactory and resulted in 

unbalance in the secondary. Tide contact was improved by placing 

aluminium foi'. between the two surfaces.

As may be seen by comparing photographs I  and Z(squirrel 

ca.;j seconder/) there is a large difference between the graphs 

obtained on the original Brush recording apparatt.3 and that obtained on 

the ultra-violet light »ecor<*er. ftecause of the larger oaciUatioas 

occurring In the new recording it was decided to <$ieck on the mechanical 

dempin ; of the apparatus. X>ampin is obtained by electrically controlled 

dash-pots placed on either side of the annular struetui i  supporting the 

secondary. This check was carried out by applying an unit impulse to 

tit* supporting structure and observing the output on the ultra-violet 

light recorder. This was done for various values o£ damping current.

VyOr>clu»iOn

Under damped

Critically damped

3.5 amp. Over Damped

However, even when 1.5 amp. was applied to the damping windings 

a id an unit impulse *; plied to the structure, there was still found to be

a iMuht oscillation a . eho»n in t>hoto i .  It was thus fsk that the damping 

M  dsjig.ted by M .F .U  Baiham {Nov. 1/36) *es  not adequate end these 

o r ig in  results were re-checked. The result, are shc*rn over page and, 

ae may be seen, are perfectly eatisfactot >«

It was subsequently discovered, however, that the damping 

magnet a as designer by I. F . U  Badham were for a prototype machine 

for which they were adequate. It was hoped th *  the same damping



|-r«ra p * («  l>  of The Performance and Da alga of Direct Currant 
4aciinoa ay Clayton, wo have that

‘ •ij* ,^Jlucttu£gj4ti» allied arm *U|n>
Reluctance with smooth armature

----------------------------------------------------- -------------- ( 1 )

and h a.

*  V  ' j
I .

12)

Co neideri »..;{!)

Therefore 

eud from \Z)

' f r  ‘ i + , »

l l *  *3 (K*1 '  "

l a .  I ,  (K g , .  1)

lo  umn ■ the a k>v«s formulae, it must be riiir.iemMreJ t.ou um 

allotted an nature reluctance in an average value as well as bein' ait 

approximate aMumjHtod. Fv-tuwrmsta, U>e date rroi nation oX 1, and 1 

ia only a poeaibie appruKi nat>t metiiod.

Kjfj and Kg^ ca.i bo deter lined (. «>t the norma. i lethods (see 

the above mentioned book by Claytonj. 1. and 1 ere aquivait ! le^tha ou 

the aeaomption that the ie»igtf> va rice art a cob* no 1 aw. deapite the 

relativo pro^>ortio\a of the a .lot opening, alot ;ntci» a;«l gar* length.

Haw, if tite ampere-turna at any j>olnt aro A T , then the Hum 

density nt that (on Cite etaioi, is

pr
i g  «  l j  COM < J *J - 1.. 2 ‘ **1 “ W 5 :

l i  tite ampere curne ar« produced by an*M- phaet \ i..>d 

housuri ia the stator elois. caxryin a curre.it l j .  and having i , turns 

por pitaee

AT m[ t  m  I j I , Kimi Koq Sin ;wt - j> 

vitore q ■ 2 Kb oi. (i ♦ p

ia measured from tne aentre-line of p»<aa-J ono. 'or <* y 

further work this must alao be tlie relative point lor reluctance 

maaeureinente, i.e. tae centre of the tooth from which nWUUHme.*. »s

53.
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Footnote:

When considering the qtta harmonic, I t  must be 

Dome In mind that q la the harmonic order based on 

the fundamental wavelength being the complete 

circumference o f the machine.
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Tho d istance to the centre Is" a' wlfioli number of s lo t  pitches

provided n i s  odd. For th is  condition the c en tre - l in e  of the phase 

coincides with the c e n t re - l in e  of a s lo t .  I f  n i s  even the distance to

means that the centre-.'.ina o f  a phase coincides with the cen tre - l in e  

o f  a tooth. This if. che case fo r  a f u l l  pitched winding.

Consid>"-ii.g che qth 1 '  -th ree  phase.

The f lu x  density  r e la t i v e  to  the s ta to r  i s

Bsq = wo ,'77 3. L t  Kmq Koo Sin (wt -  q ^ )

the centre i s  a whole number o f  s lo t  pitches plus ~  s lo t  p itch , which

irq (  l g  -  11 cos Q.^0, -  1? cos Q? ( ( ^  - wst )  )

= Aq Sin (wt -  q

nq ( l g  -  l x cos Q101 -  12 cos ( 0X -  wst) )

where Aq = yuo i/2* 3 1^ T^ Kmq Keq

ie  Bsq # Sin (wt -  q91> 

nq

1
l g  -  l % cos Q101 -  12 '-os Q2( e 1 -  ws t )

t Aĉ  Sin (wt -  q ^ )  1. - -  -  11 cos  Q jtij -  12 cos Q2 ^  -  w£ t )

-

From the Binomial Expression

_1___ = ( a  + b )

a b

-1

1 d + b +

a

F o r  a f u l l  r i t c h e d  w in d in g

55.



Hence

Bsq = Aq Sin (wt -  q 0 j  + Aq ^  Cos Sin (wt -  q6 )

•tq l g "4 lg

+ Aq l j  Cos Qj ( 9 i  -  Wg t )  Sin (wt -  qP ) 
- _

IT'; Lit

How Cos Q1 01 Sin (wt -  q01> = ~  js in  ( Qj 6^̂ + wt -  q 9 ^

-  Sin (Q^9^ -  wt + qe^)

= j  j~Sin {(Qx -  q ) e x + wt} -  Sin { (Qx + q) ex "  * t  } j

S im i la r ly

a r " Sin
2 L

Hence,

Bsq = A.J, l_S in

*q - l g

Sin ( (Q 1 ► qJe-L

Cos Q ( 6 . -  wpt )  Sin (wt -  qe )c. 1 S X

( 02 -  q )e x r (w -  Q2Ws ) t |

Sin (Q2 * q)91 - <w + V *

»1> + 1» r S i n  (Q1 -  q )e 1 + wt) 

21&2

( 1)

21g2

Sin ( (Q2 t  q )0 x -  (w + Q2wg ) t  )

Hence, each harmonic produces f iv e  waves <.is given below. ( A l l  

considered r e la t i v e  to the s t a t o r ) .

1 Wave o f  magnitude Aq having 2q poles and a ve loc ity  + ŵ 

,rtq lR
radians per second,

A3J 1 2 
------------------2„q It;

_______ A,i ..k ,
2itq l g “

Ac h  
2irq l% ‘

Ac i:

2 (Q1 - q)

2 + q)

2 (q2 + q>

2 (CL + q)
2nq l g 2

Consider the e f f e c t  of tho fo l low in g  •

1 Synchronous wave a = p
2 S ta to r  s lo t  harmonics q = ^  h  + P
3 Rotor s lo t  harmonicM ^ _ + q + p

-  w

Qi-q
♦____w
qx * q

.  w-Ov;

w+Q-w 
+_ *•

1. q = p Substitute p for q in equation (1 ) giving f i™  waves asShllows.



MAGNITUDE ::UM5KK OF POLE:, VELOCITY (moch

'1 2p + w/
* p l «  

2irplc 5
2(QX -  p)

P

w
% - v

A . I .
■ ^ — 2 2<Q, + P)2nplg

A . l ,
- L I  ,  2 (Q , -  p)

‘1 

+ W

(i 1 + P

—---- - 5 -  v> -  w -  0„w_2irplg* * 2 5

A .I.
1 2(Q + p) + W + Q w.

o2 ♦ P
2TTpifr2 2 "2 S

2(Q1 + p) +A2
tt<Q1 + p ) I f

■ i  + p

V l  ~ 2p + w/
2" ( 0 , + p) l£

V l  2 (2 0  t p) > w
21TCQJ + p) lc  2Q + p

V 2 2(Q2 -  Q1 -  p) -  w -  Q„wa

2* (Q j  t p) I f ’2 i)2 -  Q1 -

A212_____2(Q2 + Qx + p) + w +■ Q2ws
2 t t (  Q ̂  + p ) i g  

Substitute: q = -Q^ + p

Q 2  +  4

A3 2 ( -Q 1 + p)
Tt(-0 1- p ) lg  * + P

V l  2 2(2Q1 - p)
?vrrn— T p T lg "  2Qj -  P

A i
____ i _ i _____  2 2p + w
2 " ( -Q ,  + p)l(? p

A „ l„  2(Q? + 0X - p) -  w -  V s
2 ’ Q + 3, -2n(-Qi +~p)l« 2̂

2(Q2 -  Qx + P) + w + 02ws  

2it(-Qj m i g '  n2 ‘  Q1

Subst itu te  q * +02 + P



rr(Q + p ) l g
2(Q , + P)

Qjj + p

2.
r. 22"(Q„ + p ) l g

2 f0 1 -  Q2 -  p)

Qi -  Q2 -  P

3. V i
2ti(Q2 t p)lg

2<^  + q2 + P) +

i+.
V 2 ?P2tt(Q0 + p)lc2

5. A, 1„ 
*♦2 2(2Q2 + p) •f

2tt(Q2 + p)ig

3b) Subst itu te  q = -Q2 + P

1.
A5 2(-Q_ + p)

tt<-Q2 + p)lg

2 . V l 2 %  * 0, - P)
2it(-Q2 + p)lg*

3.
. .  V i HQ, - Q, * P) +
2n - Q 2 + p)ig 1 2

4.
2(20  - p)

2ii(-Q2 + P: ig' 4

5.
. A512 2p t

2M-Q2 + p)lg

Ql + Q2 f  p

( w  -

w + 92ws

~ 'Q 2  +  p

- q 2 + P

Ql + 02 -  P

Qx -  Q2 * P

w - Q?ws

2Q2 "  P

W + Q?ws

Tho wave o f  f lu x  density  Bsq gi^on on pafe equation ( l )  is  that 

re fe r r e d  to the s t a to r .  Thu wave re fe r red  to ttie ro tor  can be 

obtained by r e a l i s in g  that l f t e r  a time t the rotor has moved an amount 

v»s t and hence th is  i s  the displacement: between the zeros on both 

sta to r  and ro to r ,  i . e .

C, 6 ,
pL .r

sfafsfi

UCfCH
VZL J- - -  J

iK̂ t.
A/, £

Subst itu t ing  in equation 0 ) the equation for  B.rq becomes, 

re la t iv e  to tho ro to r

f . q j  l l . S i r

"q Ag *

0r<:l = Aq f l  |S in  (wt -  q ( 0^+ w^t) j +

21g2 l_

Sin { (0 : - q )X ( \  + wst )



{ ( QX r 'l) <0 + V ' « ) ] .  i f s t a  I

+ (W -  O . w j t }  -  : ; :nJ(Q2 t q ) ( e 2 + wg t )  -  ( w f ) t j~j■2

Sin (wt -  q (0 2 + wst ) )  = Sin |(w - qW<?) t  -  qo J

Sin |(Ql -  q)(02 + „at) + wt} - Sin [(Ql - q) e2 >|“ (Q1 - q ^  + *J tj 

Sin i(Qx t q)(e2 t w^t) - wt) , Sin , q ) 02 - + q ) ^  .  w~jtj 

Sin j (Q 2 -  q ) { # ? t  wst )  + (w -  Q2Ws ) t ) =  Sin | (02 -  q )02 + (w -  qw ) t )

Sin  

Thus

(Q2 + q ) (Q 2 + w , t )  -  (w + QoW^Jtf =
2 s ' Sin (Q ,  + q ) 0-  -  (w -  qw ) t j

Brq = Aq { 1 Sin P ( w  -  qw ) t  -  i
n  I is L  a 2J

+ i

2li?
|7in  ̂ (Q x -  q)02 +C(0X -  q) + w )t j  -  Sin ((Qx + q)0;

( ( Q 1  *  q )  w 3  "  w )

Sin ( (Q  -  q ) 0 + (w -  qw ) t )  -  Sin ((Q. + q)0_ -  (w -  qw I t )

- 1 ( 2 )

I t  i s  seen, that observed fron the ro to r  the f lux  density wava 

i s  assoc ia ted  with three frequencies.

r rJ[ q = w -  qws ;; 4 r2 q  = (Q, -  q ) wg + w ; fr3q  = (Qx + q) wg -  w 

2it

From equation ( 1 ) however, i t  i s  seen that the f lu x  density wove as 

seen from tha st .itor  is  associated  with 3 froqucncius

fo1 q = _w ; £,2q = w -  ; f s 3 q

2ft 2tt

Note : Ro*or frequoncios fr2q and fr?q depend on sta to r  teeth  

S ta to r  frequencies fs2q and f«3q depend on rotor toath

No ro to r  frequency is  produced by ro to r  tooth.

No i t a t o r  froquoncy is  produced by s ta to r  to> tli.



? i «  truaediately oorioua that it 
c*u ** • *t* nd* *  °> «ithur Conaidarin* furfear term* in u »  Blmmifcl 

e*i>*n«io». or by r-onaidariug Icrt^er tern,. la th* r o s ie r  aerie* fe>r 

;ha affect -i both prksuary *w»d aecoJidary alvna on the Airgap. or a 
combination ol »utlu

A;; orator to <tot«nair,e th* extant to which there two expanelo^o 

.jio'Ud b« taken it ■■■.no deeidoa to evaluate numerically the various terms 

in the etp ' eeai > . . .? the fl u. It rr»*y be aee » from pa^e 55 that ail the 

£*rraa in the expreaaton r-re known, or can bo calculated, aj*art from X .
?„ howeve* can costly be meaaurad.

.•vs 'Himetic&l caicvJatloii of Jjo coiaj.u<u.u.c iollows,

:■ Calcuiatlone;

I"'©** ftl! i;iie fallow, ng calculations U :nuat be romemlxtreu that 

h: wmh&m WM hoin^ run inverted.

ttaide diam«t.t:// of machine a 17.1 cme.

'\mor diameter ■ IT.OS « m .

«®ioa dla»’**:<»!. of etasc; ■ 26.1 cm i.

n

•• alo . o TT k H . 1 •» 1.4' cma.

'?vir*MMPv %nd aaaoad&ry slot opening* «  .. 2 -

..oogth of felsrg©« ** t‘.04-v cmi.

Slot width «  l’ .31S «  6. * i
Hap width

••.»• <*&>;• fxase* /ut ci .jtritvctiuii Co-^Xficiaiit Curve

'"'tiy
? , . i 4  -  . 4 i s 0 . i l . - ,

* « S
I * - * '  _______

} .  i  j  . •  0 . 6 3  K  D . i l 8

«  1 . 1 6

r. 0 , 1  n  0 ,  »  . « 5 f c  c m a .
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(o a 2320 (moosurocl o»cilla& ' ,fr«sr

C »  C «  0 .0 1 .  2 micro e'*ra.<
i

,r>
?. 77 x 2i20 * _ JUj.

i .e .  Rj »

.UJ02 x R

i i !

i

C must be 0.0204 m icro Farad



>. 1 ixticto ifarac'i

C * 0.004 micro Farad

2. Mjl

*/0. -r»<iir
SWfW. </6

2 x 2  if R-G
2  1

1

. ... :. 10 »  . I *  1 0  ^

# |0^ # 53 cpa.
U .~

lu. ut imj.'«da-ica too high

F , muit l»e reduced.



Oeductng R..

We .av« that;

c ,  .  c »  a ,  .  «R ,

; c :  - J  -  !/<■'

T-«»r®£oro:

"J Tf r. 1 * 1

i . e .  R;. - 4 . 5 K

Th«ro£oro:

Zv*n  with thle value wi R j the filter wae ouiid

to have t-.x> large an attenuation.
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Suuatitutng for the a«>ov#i va.

&
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. 2 2  

. 1 0  

2  

14 
2 d

Coaaidar th« *yc«Ar<nx>o* vav«. and tha atator and rotor harmonics. 
Referring to pagea 57»od 58, maka th« following riihrtlliH—n

1 at
X

n  1 1

______ i i ____

*  i' , ♦ p) l ;

....

^  2  + ic4

\
213

>) Is

b K and 1, 
21f

Thua, tne n agrutudaa (,'ve i o.; j «a 57a.:d 58cai t>a *.r.tt«n aa follows.

I)

U)

W )

» P IV) q s .<

I) X 1) Vi

2) XK 2) WK

3) XK 5) WK

*) XL 4) WL

*) XL 5) WL

<1 * f ' j  ♦ P V) 8 •'

1) Y 1) V

2) YK 2) VK

3) YK a) VK

4) YL 4) VL

5) YL VL

q a »C . + p

1)
2) 2K

i)

4) .

5} £L



B y wriUa* t h .  magnitude. In m an ner. the s im ila r ity  

betw een tt.e v a r io u s  h a rm o n ic s  can  im m ed ia te ly  be d is c e r n e d .

•Now, for the machine used w-® iiavo that Qj * 24, Ĉ , ■ 36 
and p ■ 2. Also. lor the vaves to be considered we have the ialloving.

2
26

-22

M
-3 4

0 .7 6 0  

.9 .*65  
- a .  <<,s 

0 .2 5 5  

- -.235

♦ I 
4- 1

♦ i 
- 1 

-  i

3 . i x  10 -a.

b. 34 x t f

Also, K « I
TT3

and L * I ̂

**3

3 /  substituting the aoovc value; . i the various values of Aq
giver* on pa:,*a 57 and 56 we can dfftenni ie the various magnitudes of
A ,.  A ,,  A . A . and A . and Hence the magutudea of the various waves. 

1 2  3 4 5
_7

■ 4 If % 1 * 2 .* x : x  . x i \ I ,

» 49401t x 10’ ?

I.

Thus tne magnitudes are 

1 ) 4V401j x 10*7 x
rr K 2 x  5 7 .6  x  lv " }  X 10*2

■ 13.o SIj x 10 . 2

2)

3)

4)

&)

0 .53«lj X 10

O .S J o lj x  10

X 1

).»6 5 lj * 10

- 2

•2

2

. 2

o '.



" I  * 1) -7

111.

IV.

V.

1)

I) . 2  10‘ 2

-  0 .0 4 1  x  10“ “

4) -  0 . OooSIj x  10“ 2

5) -  a .& o o i i j  »  io ~ 2

A j - -  4f40ll x  li>‘ /

1) I .2 4 I l x  10*2

I) O .C « i2 I  x  l o ‘ 2

S) 0 .04 )2 1 ^  x I 0 ' 2

4) 0 .0 7 d i4SJ x 1 0 '2

s) 0 . 0 7 ^  x  10“ 2

A 4 *
.iJ O S I j x  I t )"7

1) • 0 .1 ? I  x  l o ' 2

- i i .00751 x  It ' 2

3) * 0 . f M j  ■  y

4) • 0 .0121 . x  10 ‘ 2

5) • o .o i a i j  *  i a ‘ 2

A £ *
l lO M j x  1 0 * ' 

- 0 .2 4 5 ^  x  1 0 "2
•»

I)

2) -O.OO-XjS Ij m lO *2

1 ) . 0 .0 0 9 o^ Ij X 13*2

4)
>2

-o .!1 U 5 1 1 x 10
. -2

s> -0 ,0 1 5 5 1  j x 10














































