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Obtaining Stendy High~-Voltage Direct Current

from & Thermionic heetilier, Without & Filfer.

The resesrch problem here described wes suggested
by Dr. H. 4. Billiken and its solution developed $0 8
congiderable extent by Frs J. ¥. ¥. Du Hond. At the
point where a special generator was fto be degizgred, i%
wag teken up by the writer snd carried out to a degrese
of perfection limited practiecglly by the availsble
transformers snd generabor frame. The perfection zctuelly
obbained ig ziven by two shtatements. (1) laximum
variation on sach side of & meen, for best conditions
and with fvlil 3&%&.@@%@@% of ¥he genersbor
the mean. (28] The.freguency of the voristion is et
leasgt twelve times thet of the A. 0. impressed frequency,
an adventage in esse 8 Filter is 40 bhe used for further
smoothing of the direct current outpub. The possible
perfection is much betler with similer but morve higwly
specinlized apparstus.

Review of the Subject.--The ﬁéﬁ&l polyphase high-~
voltage reetifier produces a potential essentislly consbtant
bot having superposed on it a "ripple® or altesrnedine com-
ponsut vhose amplitude on esek side of the wean is from
Tive H0 seven ner cent of the fotal d-o. voltage.

Condensers and reactors sre used to filter the ripnle

out. The paper describes & specisl tyve of s-c. generalor
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which will give the proper low-voltage wave form for
recbificat ion as a more nearly smooth direct potentisl.
A method of menually or sutomatically varying the low-
voltaze wave form according to load demands is provided
so 28 to keep the rectified potential steady, $ins
avoiding the necessity for the filter which in sets for
100,000 volts or more would be cuite expensive and
troublasome.
THTRODUCTION

Meny %ypes of circuits™® have been suscested snd
uged for stepping up 8 sine wave single or polyphase
low-voltage alternating current and then reetifging it
by means of either 2 synchronous gommutator or one of
the forms of electric valve. The resultant unidirectionsl
potential and current have an alberneting componsnt which
megt usuelly be considered and in meny cases, eliminated
to & fraction of e per cent before the high voltage
direct current is suitsble for the desired purpose.

The apparatus which suppresses this sltermating
component, the filter, consists of & condenser or set
of condensers suitably connected with inductances snd
tuned to draw a large ocurrent at the principiad freguency
of the undesireble alternating component wave, i.e.,

the sixth harmonic of the fundamentsl impressed on the

¥ 4 Sehmidt--t.2.Review, Peb., and May 1923, "Thermionic
Regtifiers”.
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low~voltage side of the reetifier. For volbages up to
15,000, such & filter is a fairly easy probvlem, but
for 100,000 volts or more, the condensers become bulky
and expensive.

In order to avoid the necessity for a filter,
the wave form of the alfternating potentisal impressed on
the transformer low side must be of specisl shspe. It
is proposed to outline here the features of a special
generator vhich employs straight forwsrd methods of
altering the field distribution as the load requires end
which has g distributed armeture winding capable of
genersting the desired wave form st no-losd vwhen the -
field distrivution is uniform under the pole face.

A three-phase T-connecied winding has voltages
seross its terminals whigh are the instantaneous
differences of the component leg voltages and it will
be seen by an inspection of the idesl dlagram, Fig. 1,
thet by generating a trisngular wave in each leg of the
¥, & flat-top wave, horizontally flat for 60 elestrical
degrees of every half cyele, results. Purthermore, the
flat top wave coming from & Y-connection contains no
third harmonic or ite mnltiples.‘ It may therefore be
used equally well in &8 /A or a Y-connected transformer

bank. The triasngular wave contains theoretically, in
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addition to the fundamentsl, 11.11 per cent third
harmonic, 4 per cent fifth, 2.04 per cent geventh,
1.235 per cent ninth, 0.828 per cent sleventh, eto.
The fraction representing the harmonic amplitude 1s
1/n° of the fundemental smplitude, where n is the
namber of the harmonic. The even harmonies are absenk.
~ The flat top wave conbains theoretically, no third
harmonie, 4 per cent f£ifth, 2.04 per cent seventh, no
ninth, 0.828 per cent eleventh, ete. The even hermonics
and multiples of three are sbhsent.

Hechenically, the gererstor has & 50 per cent pole
agre and o coll spar of BO per cent, the individeal furns
baing full or fractionsal giﬁeh but aversge coll piteh is

100 pexr cent,
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Fi6. 1—THEORETICAL DI1AGRAM 0F VOLTAGES IN THE VARIOUS
CIrcUITS 0F GENERATOR AND RECTIFIER
E - = D-c. voltage ‘
er - =0.607 E[sin wf —~1/9sin3 w{ +1/25sin5 w? —1/49sin7 w?
) +1/818in9 wt =, . .|
er2 = 1.051 E [sin (wi + =/8) +0 —1/25sin5 (w? + =/6)
+1/49 sin7 (wt + 7/6) +0 ~1/121sin 11 (wf 4+ 5/6) + .., ]
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Thig the gonerated volbage in orme lez of the ¥ is
zero only vhen the armsture turns of one phase sre all
in the interpolar gpace and maximum only when they are
ell under the polies. Inbermediste volteges are propor-
tional to the number of iInductors under the pole, and
honoce yrayér%iaﬂal to snoulay displacement from a
reference point, This forms 2 trisngular wave. The
other necessary conditiong sre: no flux fringing st
the pole tips and uniform distribution under the poles.
How elosely these conditions can be met experimentally
is ghown by the oseilliogram, Fig. 2. The fop curve
shows genersbor btemminal voliage, the middle ocurve
transformer exciting current on the flat-top wave, and
the lowesr curve, volbtage on one leg of the generators

The experimental gererator was a rebuilt Crocker-
Wheeler vipolar 10-kw. d~c. machine having 2 omooth
core, 8-inch diameter, armature, snd 3/8-inch air gap.
The armabure was specislly wound ss described asbove.
The field poles were out awsy to sult, and & pole face
"eompensating” ¥ winding inserted 4o control the flux
dietribution under load conditions.

COMPLESATING WINDIEG

The pole fage winding is d-c. excited, correspondine

* Langsdorf, Principles of B.U. Hachines, p. 348.



to one of the methods of controlling field distribution
on a d-¢. generator for purposes of improving commutation.
Un sceount of the small pole are, armature resction is
not as bad in this type of generstor as in stendard
D.Ce generators. Alsc the nearly unity power factor
abar&e%eris%ie of the load ﬁakes armature resction
lézgélg cross magnetizing. The compenssbing winding
ought thoarefore to have its Tield axis ot right angles
to the main field swig., 4 modidication of the zbove
theory results from the inbermitient maﬁner in whieh
the 108d is gﬁ&ﬁ@nly apvlied to sud then removed from
the tremsforvers by the rectifier. Dightribuied
ssoondary capacitence likewise influences the current
veve drawn by the fransformer. It was found necessary
to ghift the awis of the compensabing windizng aboub
23y deg. beyond the ideal H0-deg. positlion, nmoving it
geinst rotation. {See ¥ig. 3). The effect of the
compensatiog m.m.T. ig to $ilt the top of the voltapge
wave awey from the horizontal, ssvusivg 1% to rise on
the leading end from B to 30 deg. The necespgary $ilt
ig grester when a8 Y--Y ftrarnsformer bank is vsed than
with & A-A benk. Thus it will be expected thet more
smpore turns of compenmabing field are neefed for the

same. genersbor losd wher the former conmection iz used.



F1g. 2—Vorrace WavE ForMs ON THE SpECIAL FLAT-TO1
Wave GENERATOR

Upper curve—Terminal voltage (load consists of exciting current on
A — A transformer bank only)

Middle curve—Exciting current, Transformer No. 1

Lower curve—Voltage of one leg of generator

The necessary compensabing eurrent veries approzimetely
directly with the lond and cen he menvally sdjusted or
gubtonmatieslly controlliced by mesns of & regulstor.
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AND RECP2IFIBR
I% ig evident thet the generator must be ¥-

gonnected because of the large third rarmonic in its
phage voltage wave. Uenerator terminel voltage will
then contain no third or its multiple hsrmonies, and
may supply either & A -~ A or a ¥--Y trensformer
bank. Fig. 5 is a disgram of connections using the

A - A srrengement. £ Y--Y bank may be sub-
stituted without other chenge. Spseisl six-~phase
connectiong may a£lso be used if desired, so long as

the flat-top wave form is pressrved. The rectifier

congists of six standerd 100,000-volt, 200-millismpere
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Yenotron tubes with stoo TR hﬁ**ﬁv” excitation for

et
i

e filments, {Romler high-voltege filament
trengformers are to be preferred for continuocus
gneration). A Bl-cycle flat-top voltage was
impreased on the trengformers.
EXPERIMEHTAL RESULTS
Reotificat ion of 100,000 volts and 50 milliam-
nares, 5 kwi, wés aceomplished, limited by the 7% h.p.

foe 27

ng mobtor on the generetor, and the bransformer
bank, aiﬁhough the Xenobtrons were capable of 20 kwe.
output. Fig. 44, showing impressed voltage snd
current on Jo. 1 transformer and d-c. current in &

water registance, hag g maximum varistion of 4.4

Fic. 44—DirecT-CURRENT CHARACTERISTICS OF THE RECTIFIER
Upper curve-—Transformer impressed voltage (A — A bank)
Middle curve—Current in. transformer low side
Lower curve—D-c. in a water tube resistance having neither inductance
nor capacitance

pey cent on sach glde of The mean. Thisg was for &

3 - A connected transformer bank. The efficiency
from the transformer input to the d&-c. oubtput, neg-

- leeting 810 watts filsment exeitsation, which is inde-

pendent of load, was 75.5 per cent. PFig. 45 is s
P
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gimilar set of curves for & Y--¥ connacted ban¥ and
ghows 8 maximum veriastion of 2.8 per ceut on each

side of the mean. The efficiency in this cese wss

Fin. 4p—GeENeraToR NEUTRAL CONNECTED TO TRANSFORMER
NBUTRAL
Upper curve—Transformer Impressed Voltage (Y — ¥ Bank)
Middle curve—Current in transformer low side
Lower curve~—1-¢. in a waber tube resistance

80 per osnt. In both oscillograms, drominent third
end {ifth h&zmani&g appear in the current waove drawn
by the trangiormer. The evern harmonice are shsent.
xeitation of the counpensabing Lield smounted fo
ZB0D smpere turns i the sase of the A = 4\ trenps~
former connection and 4000 smpere turns for the E--Y
gonnection. Armsture reachion in esch case was 600
ampere burns. This sppavently excossive compensaling
n.o.f. wed nNecessary on account of the large aiy Bap.
Por comperisen, Fig.5:1is presented 10 show the

agtion of the rectifier with a sine wave voliege im~

prosged. A A -~ /A  conneclhion was used on the trans-
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forner bank. The wmaximuvn veristion of the direct
eurrent from ite mesn was 10.5 per cent. I% wiil

be noted zliso thal the reetified currents produced
by the flat-top wave heve sharp 4ips cccupying only
about 10 per cent of the time durstion of the steady
porfion so that even though the swplibvde of the diyp
is four or five per cent of the totel current, ibs

net fwahlt is guite swell. Sine wave inprsssed

voltage, hﬁﬁe»er§ prodnces yipplies oceuping the vhole
$ime duration of fthe direct current.
CONOLUBIONS

There sre seversl advantsges in producing a

ateady high~voltaze direct current withovt the use

1. The exsense and weghness of & high-vollaze con~

A L K . s g 3 g, e . g 5 % 5 % "%
4. Bieadiness ol direst ourrent chanzes very 1ittle

with loed, whereas the filber way changs its buning
nndsr 1loszd varishions.
5., The practiesl uvpper volitsge limit of the regtifier

is raisaé&
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. Undesirable even howmoniecs vhich sometimes result

fron nolyphase rectifier loads on & power systen are

ot

M e ES- Y 3 . < . e 55
aomnlately evoided, becavss g separsbe generator is

; P s g e ey X R S Y Tl £ P B &
7. Ths recent axhibition i Englend of 2 high-volbage

P o 5 % . .
Calverley,  has cvalsned new

possibilities of d-v. pover Lrangmisgion.

Teasibility of setbing & bebter and more sesily con-
trolled vave foym for thermionic tube rectificatbion
mey be snother gtep in the golution of the d-c.
transnission problem.

Resulbs as shown leave somsthing 8till $o be
desired in the direction of grester smoothnasss of
d~c. voltage. Pert of the unstesadinese ig due to
one of the transformers which was of different Jesign,

being about three per cendt lover rabioc and somevhat

o

oweyr impedance. The reitic and impedance
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sounterbelanced vnier losd. Heferring to the the-

the fleb-ton wave hes 211 itz hermonie compononts,
abvove the seventh, leus than one vner cent of the

fendomentsl emplitwde. 17 211 hamsonics above ths

* mue Anelish--#lectrie Transverter. iay 9, 1944
talverley end iz*?Lzelﬁ,;iea%rreian {&ﬁngdh}
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seventh are missing, the Hotal dip in the d-c.
voltage wave will be only 3.5 per eent. Adding
the eleventh and thirteenth harmonics reduces
the dip to 2.03 per cent a2t the ssme time short-

ening its time duration. Further improvement, then,

is to be obbained by using lower impedence trensformers

5
a gmailer

and

in the gensrsbor.

Fig. 5—CHARACTERISTICS OF THE RECTIFIER ON SiNt WAVE
‘ VOoLTAGE
Upper curve—Transformer impressed voltage (A — A bank)
Middle curve—Transformer current in low side
Lower curve—D-c. in water tube resistance



