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1. Ulira - Violet Light Recorder.

i ovder to Loth test and Getermiue the capabllities of the
recording appavatus, it was decided o record speed - time and torque -
tiiae graphs (or bath a yquirrel cage and wound secondary machine.

The machine used. belny run inverted. had a secordazy
coutaining thirty six copper bars, 5.95 {nckens = 0,85 inches x 4,35 inckes,
which weve beid lu place by brads snderings. The copper conductors
nave 0,35 diameter rods proiruding frow each end which pass through
holes in the end-rings and ars thereh; bolied into plece. It was found
that the copper io rass coutsct was not satigfactosry and resulied in
unbalance in the secondary. This comtact was improved by plasing
aluminiun fol! between the two surfaces.

As may be seen by comparing photographe I and H(squirrel
cage sscondary) there is a large difference between the graphs
oblgined on the original Brush recerding apparatus and thet ohtained on
the ultya-violet light vecorder. DBecause of the larger oscillations
eccurriag In the new recording it wans decidad to check ou the mechanical
danping of the apparatus. Dawaping is obtained by electrically controlled
dash-pots piaced on either aside of the annular structurl supporting the
secondary. Thia check was carried out by applylay an unit impulae to
the supperiia] structure and odmerving the sutput on the ultra-violet
Byt racorder. This was done for various values of damping survent.

Bamping current Gonclugign
1.5 amp. Under daraped
3¢5 amnpe Uver Damaped

However, even when 2.5 amp. was applied te the damping wiadings

and an unit impulse aypliod o the structure, there was still found to be
a wid ke oscillasion as showa in photo 3. It wae thus fel that the dasaping
.1, Badbham (Nov. 1735) waa not adequate and these

88 desigued by M.
e-checked. The rosults are shown OVer Page and,

original reaults were ¥
ae may be seen, ave parfectly satisfaciory.
It was subsequently discovered, however, that the damping

magnats as desigued by M. Fa i Badhen were for a prototyps machine

for which they ware adsquate. it was hoped that the same damping

magnats would be suitabla for the present maching bul the salisaation
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From page 27 of The Periormance and Basign of Divect Current
Machinea' by Claytun, we have that
Ege doluctance v
Reluccance with smooth armatare
® ] 41 (1)

et

15

L] 130‘3 (2)
l)

and !"uz

Considering (1)

M apl, vy
Thereiore

b= 1, (Kgy - )
aud from (2)

1201, kg - 1)

In using the above formulae, it ruust be remembered thut the

“alotted armature reluctance ' is an average value as well us being an
approximate assumpiion. Furthermore, the determination of 1, and 1
is only a poosibie approad nate raethoed.

! 2

Kg‘ and ng can be detorinined from the normal nethode (see
the above mueationed book by Clayton). ll and lzmoqulnlom lengthe on
the assamption that the length varies as a cosine law, deapite the
relative proportions of the alot opening, slot pitch and gap leagth.

How, if the ampere-turns at any point are AT, then the flux
deansity at that polat (on the stator) is
;)q AT
lg-1,c00C e - 1, cos G, (ol - U't)
15 the ampure wurne are produced by an M- phase winding,
housad in the stator slote, carrying u curyeut ll' and having T! turns

N =

POy phase ‘
AT l[l" 0 l‘ 'Il Kang Hog 8in (wi « qul)

g

whore q & & Kk my p +p
nsitipiosmlitasees
)
1

. {8 measured from the centre-line of phass one. Fox ay
further work this must also be the relative point for reluntance

meagurements, i.e. the centre of the tooth from which rogasuyenic. . 10

53.




taken nuut fall on the centre-ling f the phase group of coils, This ey
a0t alwaye be posuible although it is the case for all integral slot windings.

"
W ==l ____.,,.1
i

Footnote:
When considering the qth harmonic, 1t must be

borne in mind that g 1s the harmonic order based on
the fundamental wavelength being the complate

circumference of the machine.
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The distance to the centre Is a wholz number of slot

provided n is odd. For this condition the centre-line of the phase
coincides with the centre-linc of
the centre is a whele number of slot pitches plus % slot pitch, which

means that the centve-linz of a phase coincidus

2 slot, If n is even the distence to

“

of a tooth. This is che case for a full pitched winding.

Considering the qth

=three phase.

The flux density relative to the stator .is

Bsq = o /2. 3. Lf& Kmq Kea Sin (wt - qel)

mq { 1g - 1,

Aq Sin (wt - q l)

cos 3181 - l? cos 2, (Ul = wst) )

nq ( 1g = 1, coc Q.8
where Aq = po V231,

ie Bsq = Ag Sin (wt - a8,)

mq

nq g

From the Binomial Expression

1 s+t = oa
a+hbh
= 1
a
Footnote:

A 3
For & full ritehed

Kmq Keq

pitches

with the centre-line

[lg - ll cos Q,8, = 1, cos ‘Q(HL

P 4

cos Qlul - l2 cos QQ (Bl -

: Aq Sin (wt - qel)[ 1- -1

n
lg<
o)
™
b + a b 4+ cevenens
+ ») e DR R
a2
inding 0
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1. A 2(Q, + p) R

. S T2 W
n(02 + p)lg ')2 +p
2 null o 200, - 3, = p) . 5

3. Apdy : 2( :l + Q. + p) + W
2m(Q, + p)ig* SR

b, P!
4 2 My - p
2mQ, + piig> ' w L
2 -
5. Al
b2 2(2qQ, + p) . TR
2n(n. ¥ p)ie? 2 ¢ Vs
2 .,‘?,2 +p

3b) Suostitute q = -Q. + p

1. A

S 2( - ), + p) + W
"Z'Qg +pllg ' -0, +p
A
2, l.sll ) 20, + Q. - p) . R
2ﬂ(-Q2 + p)lg Q *+ B = P
% "SLl 5 ;'(‘.‘1 - Q, + p) + W
2n(-0, + pilg ‘ Q - *p
4, ALl )
B9 - 2(2Q, - p) - W Qug
2n(—Q2 + p.lg T

: . 5 . :
The wave of flux density Bsq given on page “boquatzcnxﬁ)ls that

referved to the stat.:. The wave referred to the rotor can be

rotor has moved an amount

obtained by realisineg that after a time t the
Wt and hence this is the displacement between the zeros on both

stator and rotor, i.e.

O & STRTER
F’.. R, { - -
| Sm— ————
|
: . NERTREPEREE R
—= - e A=
) * v &

A &)

RoOTOR
9[ = od - U' g

Substituting in equation (1)the equation for Bsq becomes,

o

relative to the rotor {1
!
Sin [("l~q)x(=ﬁ+ wst) i

S0,

Brq = AQ 11 sin (wt - g (9.t 4"‘,“)j . .E.L

g g ¢




t} - sin Q. + . 7 4 e
+ wt} = [ ot (Gﬂ.* A wt}:]* 12[:;in [(Qg-q)(92 + v t)
21g?

+ (w - OQWS)tI - "in{‘-o'z + Q)(02 + wst) - W+ szs) f}]l
Sin (wt - q (62 + wst)) = Sin [(w - au ) t - 402;
Sin [(ul - ) 8, +[-(Ql - Qu_ ¢ Ej tI

Sin [(Ql + q)(82 tw ) - wt} = 8in [(Ql 4 q)O2 + [EQI + q)wS - w—Jt}

- e—

Sin [(Ql = a6, +w t) + wt

Sin 1(02 - Q)(O? + wst) + (w - ngs)t}: Sin (02 - q_)e? + (W = q"s) t}

Sin [(Q2 ¥ q)(Q2 + wst) (Q:, + q)02 - (w - qws)tl

(w + szs)t! = §in !

Thus

Brq = _Ag | 1 Sin (w=qw) t - qe?
gt lg :

+ 1l Ein [ (Q1 - u1)02 +((f.:'l - q) L w)t] - Sin ((Q1 + q)e2 3
71g?
«Ql +a) w, =W t):]

+ 1 ) .
2 | 8in ((Q, - @)0, + (w - gw )t) - Sin ((Q, + 90, = (w - qw_)t) _J o
m z [ “ 2 s 2 2 8 (2)

It is seen, that obtserved from the rotor the flux density wava

is associated with three frequencies.

‘il q =W - qw ; {;2q s (Ql - q) W W3 f}aq = (Ql + q) W - :
2n 2n an

Frem equation (1) however, it is seen that the flux density wave as

seen from the staror is associated with 3 frequencics

‘51 q= W o fezq = w - qu s Fa3a = Qg
am 2n T am

Note : Ro*or frequencies fr2q and fraq depend on stator teeth
305

Stator fruquencies fs2q and fs3q depend on rotor teeth

" v taot!
No rotor frequency is produccd by retor tooth.

teath. 55,

No stator frequency is produced by stator




Consldering the sguation for tie [lur =& irwnediately obvious theg it
ecan be extendad by oithoy congidering further terms in the Binsalsd
expangion. or by consideriag further tevins in the Fourier sevies for
ihe effect of both primary ad secondary slota on the alrgap, or o
saenbination of voth,

in order to detemnine the ewtont to which these two ‘expansioan’
should be taken it wag decided to evaluste aunerically the various terme
in the expresslon iur the flux. It may be seeu from page 55 that all the
tesme in the expreasion fye knowa, or can be calculated, apart from ll‘
bowever, can casily be messured.

The nmunerical calculation of the Oux compuLents follows.

For all ihe following caleulations i must be ramenbered that
mwoeshine wan betng run inverted.

“nside diamater of machineg 2 17.1 ems,
tator diametor ® 17.0% cms.
atoloe disrnaie) of piatas = 26,1 cma.
Srions vy aled pisel 2 7 35 = 2.24 ame.
24
Cisondaey slet plial E Y | u(} il © 1.4} emae.
36
Fiimary wnd secandary slot openings = 0,312 cmes.
Longth of alegan 0, 0450 amne.
Siot width * e 318 = Gk
apgp widih 0., 0456

hapefors, fron Gorter's Aly gep contraction Co-2fficient Curve

5 v O, 62
ST
K s iy B4 2 $ad
. % WO 7 . I——
' 8,24 « 0.63 x 0,318
‘e\ig‘? .\‘v&s o l.?'l o 2 1.16
" 1,49 » 0,63 x 0,318
§ - 3 ,f-“l
3 83, 1)

= 0. 0455 w 0.1 & G, G454 emi.
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The carrier frequency was fouasd o 6 wbjectionable whin valss i

was dec.ded to filter »k ihe l:lﬂrm@ aarsh
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C. nm 0,9102 micro Farac

2
2320 = g0
JUE R a‘
&
f.e. R = lg
L TOil2 % 27 x 2320
* 6630 OHMS.

(2s must bs  0.0204 micvo Farad

n’ mugt oe 3315 CHMS,

o AN N

T 1| g O -




Ay 75 ¥ 2l

G, 051 micro Farad
0,004 micro Fared

R e 2 Ma

SR R RN

VS L xS e

2x2°7 R:G‘
1
ix 3§ ®2.u% !0” x 0. 001 » 10“6 77

¢ 10> 4 33 ¢epo.
16.0

Input impedance too high

Rl must ba reduced.
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Let C' [ l}lr
Therafore:

50 = i

E e
¢t Rg w1l=10

1.0, Rz w4d.5 K

Thereiore:

f, = L1.1K oM,

m-sskm.mm-u‘wmvm:m

to have too large an attenuation.
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Substituting for the abova values of q
g fieg
-34 -1
-22 +1
-1v -1
2 +
14 -1
20 +1

Counsider the syzcaronous wave, and the stator and rotor harmonics.
Relerring to pagss 57 pnd 58, make the following substitutions.

Let A = X A; - Z
7 iy 70, +9) 13
& = Y A s v
e 1
77 (G, +pl g T7{-Q, +9) Iy

‘ A . W « K andl s L

T E.. ) e
7(0, 4 p) iy 21g 2lg

Thus, the magnitudes given on pages 57 and 58can be written as follows.

1 q ®p 1v) 9 = Q. ¢p
1} X 1) ¥
Z2) XK 2} WK
3) XK 3 WK
‘ 4 XL 4) WL
5) XL 5) WL
1) g ® 0O 4p v) g ® Q,¢p
1) Y 1) Vv
2) YK ) VE
3 YK 3 VK
§) YL 4 VL
5) YL 5 VL
1) q = -Gl +p
1) %
2) 2k
| 3) ZK
- | 4. ZL
i : ) 21
|







111.

IV.

1

D)

4)

5)

1)

I

4)
s)

A4 *

1)

3)
4)

5)

A% *
D

2)

4)

"% 1)’

2 102
- 0.041 x 10““
- 0.000SIj x 10“2
- a.&o001ij » i0~2
- 4f4011 x 1>/
1.2411 x 10*2
0.C«i2I x lo‘2
0.04)21~ x 10'2
0.07di4SI x 10'2
0.07" x 10“2
AJOSTIj x It)"7
*0.1?I x lo'2
-11.00751 x It '2
*0. fMjm)y
*0.0121. x 10° 2
*o0.0iaij * ia‘2
IIOMj x 10*'
-0.245~ x 10"2
-0.00-XsS1s M 10*2
.0.0090"Ij X 13*%2
>2
-0.11U511x 10

. -2
-0,01551j x 10




































































