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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,
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T 1| g O -
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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
|
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Talulating these resulte for the five waves.
1 I m
s 2 )
P lIilfp q-,.()‘*.',
15. 58 ¢ <1.9% - -
3 =1 all 1.9% x 10 x‘l 1.24 % 10 ‘)'
U.538 % lo.al! ~0.,0415 x lO-le 0.0492 » zo'zx
i
0.535 = 10" . P -
a1 l‘x 2.0413 x 10 l‘x 0.0492 x 10 ‘:‘
0, i o ¢ -
865 x 10 z)' 0.0665 x 10 ‘ll v.07%8 x 10 zl'
0.865 % xo"le «0, 0668 x w'le 0.0788 x m"!l
v v
qe Qa *p q= Qz +y
+0.19 = w"!l U, 245 = m"‘ll
0, 0075 xo“xl 0. 00 ;euw"xl
~0, 0078 w"xl «U, 0G%6an Iu’z!l
0,012 x IO"!‘ «0,0088 x lc“l,
«0,0i2 x w'le 0. 0158 x 10“1l ;
All values are in Webars per square metre. «

At this stage it was decided to obtain practical measurements
of both the magnitude and che frequency of the flux in tha rotor (secondary).

I~ order to odtain these practical results a search coll of ten turna was

placed around one of the rotor teath.

The end rings of the rotor were

removed and the primary was drivea by means of a D.C. motor and a

tw.n Vabelt drive.

The primary was excited with a pure sinusoidat

voltage of 124 volts: the exciting current being 2.5 amps. The primary

used had straight slots and was star conaected.

The output of the search-cail was read on both a Radiometer and
a Marcon: Wave Analyser. and the speed was kept constant by means of an
accurately calibratad strobo-tachometer. A table of the values of
magnitude and (renuency obtained for various values of spesd is shown

overileal.

65.
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1. Slight variations in speed caused erronsous readings,
and ia the final tests the apoed was contbhwously

monitored and corrected.

9 The position of the search coll on the tooth alfected
the magnitude of the results ottained. For the results
recorded above the search coil was wound as unifovmly
as possible, and was positioned as close as pose: ‘e to

the roet of the votor tooth.

3 Alihough the speed was held as accurately us could be
attained to the desired value, at certain {sequencies
there was a continuous fluctuation, o= beat, of the
millivolanster, which made accurate veading extremsly

difficult.
All leads from the search coll to the Vave Anslysers
were casefully scremned and earthed, as it was {ound that unearthed

loads alteved the readings radically.

Footnote:

@#ith the insturuments used the speed could be neld

to within 0.5% of the desired value.
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In order to chack the values obtained for the flux density
on page 65thc following calculations, dealing only with the fundamental
wave, can be made.

As bofore

Machine diamcter = 17,1 cms,

Machine length

12,7 cma (5" iron length)

Number of turns 96, Kw = 0,965 x 1 = 0,965,

Length of airgap = 0.576 cms.

The test results cbtained on page 80 were obtained with 124
volts applied to the winding. This is line voltage with the

winding star connccted. The magnetising current was 2,5 amps.

E = 4,44 x ¢ £ T Ku,

b x 2 B1lJx FTKe
m

- Awx2 §x12.7 x 1077 x 13,4 x 1072 x 50 x 96 x .965
i
whete J = = AL L 3.4 x 10 ®metres
2p 2%2
i.e. E = B x223
2
Thus B = 124 x 1 = 0.321 wb/m
5
Also AT = 6v2z x IT
n 2p
.. B = 6/AIT x Kv x 1 X wo
2pm lg

=7
= 3/3 x 96 x 0,965 x 14 x 10 I

7T x 2 x 57.6 X 10
A -2
i.e, B = 13.65 x 10 I.

. O
This figurc agrees with the value given on page = .

) i ‘ value
This figure ~an now be checked with the above

for B by putting I, = 2.5 amp., =S,

-2

il.e, 8 12,66 x 10~ x 2.5

0.341 wb/m

This agrees with the above value of 0.321 wb/m when 1%
" -

wipon circuit" have been

6%,

is remembered that the ampere turns for the

A




ignored in the above calculations,

In order to obtain the voltage in the search coil the

average value of the flux density over the span of the coil must be found
and be multiplied by the area of tha coil,
In the preceeding work it may be

seen that every wave has

the following form

b = K Sin (Aul + 0Ot) wb/sq. metre,
where K, A and Q may have different values for zach wave,

If the coil has a span B (mech. measurc) then the average
value of the flux density is :-

1 KJ‘Sin (.";r)l + Qt) del he limits being taken
over the span of the coil.

Now, the flux threading the coil will be 2 time varying
quantity and diiferent positions of the coil will mean different phase
displacements of the time varying quantity. The limits can thus be
arbitrarily chosen, and a simple expression follows if we consider

the coil to be placed with its centre line at &.= 0, i.e. the limits

1
of the integration will be from -8/2 to +8/2. This is still

considering a coil con the primary.

Hence, the average value of the flux density is

+ B/2
£ K Sin (Aal + 2t) del
B
- B/2
The arca of the coil is given by B8,wDl 39, metres.
2n
(B since B ls span in mech, measure).
2n
= §DL
2
Hence, flux linking the coil is
+ g/2
BDl . 1. K { sin (48, + t) de,
2 F ‘- 8/2
3 1 + /2
= Dk 1 | - cos (asy + nt)] g
2 - #/2
= Mk [.cos (,.a ¢ Qt) + Cos (-h8 + 3]
2A 3
= Dk - Ag)- Cos (it + 43)
ow [o 00
N D1k Sin AR Sin ft. 70.

b=
~|
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Al

2 1
= 5
?n(ql+nilg“

3. AQL.

i s
M (Q.+p)le”

fimd
i
3T(Q,+p) 1"

2 “?ll

e

?wT-Q]+p)1ﬁ‘

a ]
Wty

32 __,
2ﬂi-Q1+p51n‘

g

m(Q,+p)lg

null

7ﬂZQq+ﬁ;1V2

.
20, %
|
"
21 -p
Ql [
o

- DW. t W
<nm
(20l +p)wS 1 W
T {
| ,
€
———— S 1
{
W o (Q:+p)ws ;
25 '
i
W - (-Ql*o)ws
2n
n i .
(2‘1 Pleg + W
2m
pWg = W i
2n £
i
i
i
P N v i
i At i
2% itd
W - (-Ql+p)ws é
2n f=id
e
w = (Quepdw, | g
2m 4

(QJ—Q2-n)ws + W

(2
&

(Q17Q2+p)ws ~ W
2n

W= (Qz*P)WS
n

W - (Q2*P)Ws

e ————————

37 }
73! .q .
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e
e

- csw—

1080 xpra.
I A, Sin A% b x )¢ 3 {. E.mV.
. 341 2 5,174 648 16 402
5135 22 « 134 L0124 446 246
0135 20 « 766 <0085 417 160
2156 34 174 L0033 i4 1.47
L216 3 - 174 -. 30214 14 -1.33
- D275 e . 166 - 01706 417 320
- 30104 2 174 - 00197 14 -1.23
-, 00104 50 w7 + 000563 950 25.7
-, 06166 10 o 760 -. 00237 417 -42.2
-, 00166 62 - ThHE . 000287 417 5.32
031 22 134 . 0286 346 449
00123 40 - TEL -, GO045 120¢ =24
L0123 ) 174 00234 14 1.46
60197 58 - 939 - GOBY4 346 -107
001397 14 959 00287 340 44
-, U0475 36 -~ 174 000472 634 13.3
- 000167 14 737 -, 300275 302 -3.66
-, B00147 0d - T8 . 00000502 163 214
-. 0003 2 174 - 000508 634 .16
- 9003 74 A7 -, 000153 634 4.3
- JU612 34 174 -, 30068 562 =17
- 300242 58 - 73% . 00085 10922 41.2
- V00242 i0 . 166 -, 000402 130 -2.32
<. 000388 70 -.174 . 00002 562 8
. 00388 P +.174 -, 000735 562  -16.3
Resultants: i E.mV.
14 402.4
446 240
417 (-)293
950 23.7
346 3n
1200 (=)24




.
£ o
et SR | Resultanss; E o

o = : 2 R

£t X e (=)3.7

- SR 768 214

e R i 562 (=)34.8

e il ' 1052 al.2

[ - Pog 150 ()2 3%

B o #983 -o ¢ In all cases, K, A, Sin 4/, and § are independant of
" s 5 the spood. Hance, in cach case firstly §, and finally £ must be
. golculated. The method of calculation iw as shown in the sbove twa
s ohtve.. exmraples and the results given are the final reuuliants.
$a da%ie.. Ew AMPLT. = 46,401,

¥ s K. = {. ia cach case.
i TN : 1890 goes.
) Bine, “’: & .
s, - = e
ol b 2 ' 1300 3.5
‘ y o 500 544, 5
1200 <J24.

’E ” “tw i 400 ‘ ()-:. :a

' b GHIEON . s s
B TUPNET .-

| e 1500 57.2
: : ﬁi‘“ = 8600 (=)43.5
= 2 200 ()3, 58

" $3000.- S5t gaan.

TR - 21.4 594.2
; Sa8608 .- 364 200
. Kithee. - 32l («)28C.63
g 164 19.10
i e 264 an.2
psteoss 706 (=)1¢.30
r 42 (=)2.44
250 (=)3.02
43s 0. 186
435 ()b 71
876 33.2
93 («)1.86
17
3







| g Comparigos of Practical and Theoretical Results,

The following tables show the comparison 2f the practical
and the theoretizal resulte ior each particulor value of speed.

5 256 rpen.
Lractical Theoretical
Frequency wy Freguency my
| 44 T3 41.% 1193
,l % 106 43.5 47
l 125 44 ol 53
‘ 145 310 4.5 &
245 8% 143 T
‘ 260 17 245
3058 1 262
' 370 17 296.5 11
! 475 15
560 24
g 2. 856 rpma.
E 22 510 21.4 592
68 2u ” s
156 110 259 a
240 20 321 a5
‘ 280 40 34 a0
328 20 435 ar
361 5338 42 3
425 58 708 14
490 29 L "
; 660 05 878 33
705 170
1060 7
3. 10806 eprn.
| ” a4 14 402
t 45 12 e !
170 d . ;
i - 346 377
e 242 417 ke
445 1000 €45 i
NE % - s
Gl 9 S .
(45 a0 o
e 105 1098




b
sg_
!

A o T Ty T T T e AT T S ey

4.

betwean the practical and theoretical results.

aivgap.

“ZL‘ ’,l)
13500 13
1700 4

200 7
300 459
000 1015
880 75
1200 378

O __rpm.

50 1530
150 33
250 41

1260

&00
400
500
6440
500
900
1200
1300
1500

segsesd.,.

1486

From these results, it is hnmediately obvious that apart
from the fundamental wave in each case, there is little coryelation

If one goes back to the origina! assumption that tha effect
of the priaary slots can be conzidered by increasing the alrgay, and
that this increase varies as & cosine law from the centre Jine of one
stator tooth, Theu an attempt to obiain better correlation of results
would L to take a further term in the Fourier expansion of the
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Ahlll
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6nplg

6n(Q ¥o)1g°
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Azlz
(¢ 3 )1g
En )l +

I\,”ll
Bn(-Q, +p)lg"
A312

f l o
Gnigq +prig”

y

6r(Q, +p)lg”

Pole Pairs

u!Jl - P

L]
I
=l

w
+
+

2

2 1
30, - Q. +1p
p L
30, - Q. =P
30, 5 = I

]
!
|
Freguencz
(30, -p) w. +w
S z
2n !
i
(3’)l ) W+ w f
P
s §
3
2n i
W= py_
2n it
(2Q, =-p) wotw
2n
(4. + W o+w
)L p) A
2n H
3
¢
w - (0. +p) W 1
g7 s 5
s - o i
T i
1
W - (Ql +p) w_ |
27 !
y
2
'
i
By, -p) W o+ W i
(g, =p) W, |
2%
!
20 + W+ W
(2Q; +p) w,
2n
W - (—Ql +p) e
2n
- (=0, +p) W
W ( 31 p) 8
2
H
(30. =0 =p) W + W j
\w‘\l Jz p s
o7
30.+ Q + 124 + W
(3Q,+ Q, *p) ¥,
. s




¥, ."\.l ),
+ 2 20 - 3
LT Q, +p;1'g" 2 Ve (“42 +p) WS
“ e ————————————————
2n
9. "ulz : '432 + D W o= (Q’ +5)
GniQP +p)lg” -—._..;h b ’
!
v. q = -Q_ +p Z
6. Acl T E
B 2 3Q, +Q, - p (30, +Q, -p) w_ +w |
GHZ-T +pilg ¢ 5
y &8 ALl . 0. = O '
Badi 5 Jql i ")2 +p (dul 9y +p) ws + W i
61'(-02 +p)lg 37 )
8. 1’\512 c 4, - p W o~ (-Q2 +p) W, l
6n(-Q, +p)ig" 5 2 !
§. .‘\51:2 : 29, + p W - (--Q2 +p) Wy i
61 ( --Q2 +p)1g” N o f
_ ) i
As done before on page 79 the values of l\', Ay Sin A8 H
2t {
- o id £ 5 i Af " an - | P o |
s 3 mi
¢ Dlk Sin AB and E = 4,44 ofT must be determined for the !
2 '
E !
various values of speed, i
|
!
O rpm : ]
l(. e Sin AB/2 $wb . £ E mV. g
e piL LA P 22 = |
0045 70 - 174 - 24,3 x 1070 50 - 0.54 |
i E
+00us 74 174 23,2 x 10°° 50 0.515 il
0072 106 174 25.6 % 107" 50 0.568
0072 110 «u17h 24,7 x 10°° 50 - 0.548
-8
-.00055 g -,766 12.6 x 10 50 0.28
-.00035 98 . 766 -5.85 x 1000 50 ~0,13
-.00055 82 .768 A11.1 % 1072 50 -0.246
a8
-,00055 13y -.766 6.8 x 10 50 0,151
-3
00041 m ,939 8,9 x 10 ° 50 0.197
=B E
.0004) 50 -,939 -16,7 x 10 50 -0.371
-8
« 00066 130 -,939 -10.4 x 10 50 -0,231
- >
00066 86 ,539 15.6 x 10 50 0,346

&4,




el

s GOODGZ 34 AW L2077 107 56 0,046

. 000063 110 v 174 0.213m 16™° 50 0.00473
.. 0001 70 - 174 i =10°° s o.0m2
-, 0002 146 AT 0.258% 1070 50 .0.00873
- 200081 106 JA74 «0, 260 x lO'. 501 <. 0064
- 000081 36 - 174 0.808x10°° so  o.01m9
. 00013 142 . 174 0.345%120°%  §0  0.00768
- 00013 4 AM 0.604210""  s0  .0.047

Resulimnt: f. Z mV

50 0,04

Going thyough the above working for 1030, 15300, 856 and
256 rpm., the following rewulte ware outained.

Resultants i. £ mV
1310 ~14.1
1389 14.2

14 + 006
dal A2
1410 4.72
49T ~O.e2
1740 6. 87
250 «7.05
40 0.3
wil " 005
2uan G 19}
[ - 079
1990 ~0. 254
734 0.3062
563 ~0,079

From those above resulis, it is inunediately obvious that

need
only the first three waves, i.0. 9 & P aeQ, ¢pand s -O!Qp
be coasidered, and even heve the resultante are estremaly small; thus
hardly affocting the shgoretical results oblained alveady.

85.




256_rpm.

Resultants £ Emv,
347 = 3.74

364 3.75
41.5 .015

245 1.37

Bl - 0.12

45.5 G,18
26 -+ 133

43.5 0,10

U6o = L2

AS expected, thesc above results, for the first three waves
are small enough to be neglected, In an attempt to obtain a more
accurate result it was decided to consider a further term in the
Binomial Expansion, given on page

58,
Considering a further term in the Binomial Expansion:-
d%q = Bsg 112 [jsin [(?Ql -q)ol + wt} + 2 8in [wt-qalf -
ulg3

Sin l(?Ql +q)0l -wt[] + 1112 [%iu [(Ql+Q2 —q)el + (H-Q2ws)t}
21;3

- Sin [(Ql ~Q? +q)ol -(w+Q2wS)t! + Sin l(Ql —Q: -q)el + (w+Q2ws)tI

2 |o ~
- 8in l(ol +02 +q)ol -(w-szs)tI + 12 [;ln {(202 Q)ﬁl

TIg¥
+ (w-2Q2ws)t] + 28in lwt - qelt -Sin [(2Q2 +Q)e, - (u+zq2ws)t}] %%

In opder to obtain the above expression with respect to the

secondary, we nust put Bl = 62 + Ww t (A3 seen on page li -
~ ' N
Hanoe anq . Brq + Aq ll2 [ $in I(qu -q)e, + (_(20l q) w, +w)t]
nd hulga
' i ), + ((Q, =) wi)t|
+ 28in [t(w-qws) - qGQl + 1112 Sin (Ql +Q2 R, 1 s !
- 2135

{

- S l(("* -0, +9)e, + ((Q) =2Q, *4) ¥, W) t‘
+ S i(u‘ ~Q, =q)g, + {(Q =AW, + w) tf

- Sl [(Q -0, rq)e, + (Lo, +2q, v, - “) t(
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