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he subject tests were authorized by reference (a), and
) to (e) inclusive, are also nertinent.

(a) 5-1i8) of z1 July 1234.
(b) Eng.let. S-900-7409(4~25-%8) of 30 April
(¢) NRL let. 857/38 of

(d)

1934.

31 May 1934.

Navy Schedule 900-7409, radio transmitting
equipment,
(e) Westinghouse Blec.& Mfg.Co. let. W.G. 16600

of 6 July 1934 to BuEn
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The object of this
Rectigon Control Cireuit of

f the

investization was
the ilodel TBK Radio

Ga‘-—.

o study the electriecal

Rectifier Unit Type CAY-20018, and to determine its suit-

use in Nevzl 1

TEST

radio equipment.

The performnance of the type CAY-Z0018 rectifier unit of the
iodel TBK radio trunbmltter was observed under three different circuit

s shown in Figures 1, 2 and 3 respectively.
s shown in Figure 2, data w

on tube and transformer charscteristics,

circuit losses into ftheir componen

tion, and nercent output voltage ripple.
¥ & £ & A.

Under normal

zs obtained and caleculations made
the sevaration of the rectifier
parts, overall efficiency of opera-



Conclusions

(a)

(b)

(e)

The Rectizon tubes used in the Model TBK radio transmitter
rectifier unit are being operated within their rating of
peak current and peak inverse voliage.

The Rectigon tubes asre electrically and mechanically satis-
factory for use in the subject Naval equipment with &n

ample factor of sefety. However, the life expectation is

not apt to be greatly in excess of 1000 hours which means
tube replacement approximately every six weeks, if continuous
operation exists.

The Rectigon tubes represent a makeshift application of a
tube design already existing, and therefore do not represent
the most efficient type of tube for this circuit, from the
standpoint of filement energy consumption, voltage and
current ratings, life expectation, aznd overall efficiency
for continuous operation at light load &nd full load.

The space requirements of the Rectigon circuit and its
weight are considered excessive for the amount of power
output,

Recommendations

(a)

(b)

The rectifier tubes used in the control supply circuit of
the TBf radio transmitter which furnishes 110 voltsdirect
should be replaced with a tube design which better fulfills
the circuit output reguirements and which has & life
expectancy of 3000 to 6000 hours. This would lower the
initial cost and maintenance, decrezse weight and space
reguirements, and increase the overall efficiency of the
rectifier circuit.

Each rectifier type transmitter should have a self-contained
rectifier circuit for supplying 110 volts for control and
xey circuits,
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i 1S W actrical serforncnce was studied was

the control vectifier circuit of the ilodel TBK Radio Transmitter Rectifier
Unit Type CiAY-20018 manufactured by the Yiestinghouse Electric and ilanu-
facturing Co., and consists of & single phase full wave rectifier circult
with two type S-289416D Rectigon tubes. The output odbtained from this
cirenit is 110 volts average &t 1.0 amperes average and was incorporated
in the TBK Transmitter equzpmenu to orovide the necessary energy for the
110 wolt D.C. control snd keying circuitse.

5 The control circuits so supplied uare inductive and therefore
the rectifier apparatus and circult was studied under this condition. In
addition, the elesctrical performance of this rectifier circuit was studied
under the conditions of non-inductive outout load, both with a condenser
input filter of 200 microfareds, and also an inductive input type of
filter., 4 diagram of connections for the Rectizon Control Supply Circuit
is shown in Plate 1l of Figures 1, 2 and 2. Under actual operating con-

ditions the cirecult used is that shown in Figure 2, where the load
apolied to the rect

1
ifier circult is inductive. This corresnonds to the
relay load which exists in the TBK radio transmitter. Figure 1 shows the
same circuit with the exception that the output load on the rectifier
cireunit is non—inductive. Figure 3 shows the circult condition where

the condenser input filter has been substituted by a choke input filter.
quo is the condition under which the rectifier circuit was studied when
izl for ref.(c) was obtained. Figure 1 and Figure 3 were cir-
ied as a matter of comoarison with the circuit shown in Figure

Gs The method of test is indicated in Plat 11 of Figuresl, 2
and 3. 411 instuntaneous electrical quantities were obtained by means

of an oscillograph with the proper calibration upplleu. The instruments

for measuring the averaze or effective elecirical quantitiep involved
ither for calibration or otherwise, were obtained throuzh the use of

nhbruhunts of eitner the D'irsonval type or the electrodynamometer type.

ATh RLCORDED DURING TESTS
P The datz recorded during tests are ghown in Table 1 anad
Plates 1 to 11, inclusive, and were tuken with the cbject of cbtaining

infornation on the following rectifier churzcteristics:

(1) Oneration with condenser iaput filter, non-
inductive load.

{b) Uperation with conaenssr input filter,

lozd.

with choke ianut filter, non-

loud.




ifier output voltuge regulation undsr
ious condltions.

{e) Impnedance of transformer windings.
(f) Rectifier tube charzcteristics.
(g) Losses in circuit elcments.

(h) Percent ripple.

PROBLBLE ERROR IN RESULTS

8. The accuracy with which oscillograph records can be read
and measured is 5%. The calibration of these records is accurate to
sbout 5%. ueter measurements, using precision instruments, were made
within 1/2 of 1%. The accuracy with which czlculations were made 1s
indicated under "Results of Test".

9 Operation with condenser input filter, non-inductive load
(Figure 1 of Plate 11).

{s) In Teble 1 there is given data taken on the Model TBK type 20018
Rectigon control circuit under circuit conditions as showm in
Figure 1 of Plate 1l. Oscillographic traces showing wave forms,
Anstdntaneous values and phase relationship of the electirical
cusntities involved are portrayed in corresponding film records
1i, 1C, 24, 28, 20, 34, 3B and 3C of Plates 1, 2, 3 and 4.

-
o
et

Film record 14, traces 1 and 2, give the wave form and instan-
taneous values of primery input volts and azmperes to the
rectifier itransformer. Attention is invited to the peck value
of 3.46 primary amperes, whereas the Ro.M.S. value shomm in

Table 1 is 1,30 amperes. The high peak value of curreat found
in the primary current wave form of the transformer for both
positive and negative half cycles is due to the effect of the
large charging current which enters the 200 mfd filter condenser
during the conduciion period for every half cycle. This con-
duetion period is aporoximately 45 clectrical degrees.

i
St

Fiim recprd 10, trzces § and 6, sbom the wave form and in-
stentaneouns values of ancd urrents for both Rectigon rectifier
tubes. These tnbes, Argon g iiLLOh, type S—-282416D uwere

{D
& €

No. J=3 and 7 14 smperes for fro nt uectigon No. B~4, these values
being weil w#ithin the manufacturerts peask anode curreat rating.
The snzle of conduction of plute current through ezch rectifier
tube was measurad as approximately L5% .,

cord 24, traces 7 and 8, show the wave form and in-

eous values of anode-cathode voltages for both Rectigon

tantan
rectifier tubes. Both tubes show a pesk Inverse voliage of
shout 260 volts. This is also within the smenufacturer's rating

B
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fel Tilm reeord 23 shows the wave Ioram end ingtaoianecus vilues of

i
o B RS T

& i i N
e on traeee 9 for the front Reet

NoCo~cnh =
znd anode zmperes on troce 10 for this same tubs. 3
lationshipn is evident wpon comparison of these two traces.

n record 20, trace 11, shows tnc wave fornm snd inste:
ve of load output and condenser volts which consists of an

=rnaiing couponent of voltage “*DEleQGSQﬁ on the direct
toge, The aversge voltsge shom ig 110.7 volts, with & pesk
tlue which 1s sugcessively 122.6 ur gls-
imilerity) end & valley-bottom value The point
at which the valler-botion velue of is
gt tie instant when & Rectigon tube 07
charge the 200 microfarsd enser, thereby rolsing ite voltage,
The nesk condenser current inflow oceurs st this Instant.
The condepger current then s hEPaming zere &8 the
counter-clectronstive force lenser becomes ecual to
the traunsformer iuducec volta event occurs each time
tpal the condenser veltage re peals volue. A4lternate

¥ adjacent pulses Qf carrent and vﬁTtafe tﬁ the
snd outnut circuit. Immediately upon cessation of
trensformer o further che arge the condenser, the

] .

he condenser reverses and supplies the load with a
grodually diminishing condenser voligge and current uniil the
- opposite~tnbe:permlits the re-<cherge.of the. condenser again.

At this moment, the ahove cyele Is again repesnted,

» ol

; he condenser and fur—
Aajt addition. During the
. the condenser voliag decregsing, the nower
i'.,mlm‘*fnael' £e1,n?-ﬂ;.-' is not furnishing any euesrgy cither to the

e load. Durinz this interval the condenser
I ‘Oud with energy. The ghove cycle of
harze oceurs gt twice the frequency of the trans=-

it sunply frecusncy.

hl wave form and instanis of econ-
i th veak values of 7.2 the recr
Rectizon tube No. J-3 ond 6.94 amperes nt Rectigon
tube No. B~4. The values of peak current cach of the
tubes differ on aceount of slightly dissinilar tube charscter-
5t forth In Erank 3 of the are

is 7.0 volts i 'hoﬂcas the value

rolts. Tibe Moo P=4 with the 7.0

5h9“ internal nce than

the pesk plate current fo a
gmalier wilue ting nortion of its half cycle
pARE ba No. 4-3 an the rrndsctlnp nortion of lis acpposlite
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Film »ecordé 3B, trcees 15 and 16, show the wave form, instantaneous
velues, and phege relationship of Dull secondary transformer velis
sad the anode amoeres of the front Rectigon ko. 3-4. The anode
current is made un of two components, thet which flows into the
rovGenser and that nart which sunnlies ithe load oulput circuit.
Film record 38, itraces 3 snd 4, zive the wave form, instantoneous
velues, shd phase relstionship of the lozd ontput voltesze and
prrent,  Sinee the load outout 1s non—inductive, both wave forms
are identical,

Jzerction with condenser input {ilter, inductive load

of Plate 11).

In Table 1 is ziven deta on the Model THK type 20018 Heetigen
control cirewit supply reciifier tuken under circuit conditio

& shovm in Figure 2. Oscillogranh traces showing wave forms,
ingtantaneons values, end phase relationship of the electrical
cugntities involwved cre portrayed in corre;ionding film records
thy LB, LG, Sh, 5B, 5C, 6h and 6B of Plates 5, 6, 7 and 8. These
soords bear some close resemblance io fno e shoym in Plates 1,

s 3 and 4 since the circuit output contained the only eleectrical
element which was variled.

w

e
4
&

m record LA, traces 17 end 18 show the nrimery input voltis and

coperes to the rectifier transformer.

rages 19 and 20 show the o .

d outﬂ: BIperes har h;d th: a1t=rﬂ1tin7
5 he 1o

Film record A0, troces 21 wnd 22 show the znode umperes for eech
of the HBectigen rectifier tubes. Aguin note that front tube Noo
B-4, the tube with higher internal resistance, shous the lowest

neglc current.

treces 23 and 24, show snode~cithode volts on hoth
Together, {ilm records AC and 54 show that the
g being operated well wlthin their pesk irnverse
o ¢ of 374 volts and thelr pesk znode current of 18,8
smneres. With the cirewit, Figure 2, as used, which similates
nornel operation, the »neak anode currents are 7.55 anperes for
Rectizou No. J-3 and 7.24 smperee for Rectigon ¥Ho. B-L.
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m 43, traces 25 end 20 show tue phige relaticashin between the
Aﬂﬁlewc“trmﬁe R ss Hnd c :

Film 5C, traces 27 and 28 agoin illustrate the nhase relationshin
between the output load or condenser volts as compared with the

condenser cuwrrent.

Film record 64, trzces 29 and 30 show the phase relationsbip, wave
form, znd instantanesus values cof full secondary itransformer volts

znd condenser amperes.
Film record 6B, traces 31 and 32 zive & comperiscn between full
secondery volts of the rectifier transformer versus anode amperes
on front Eectizon tube No. B-4.

1 Operation with choke input filter, non-inductive load
(Figure 3 of Plate 11}.

—

I is given deta on the Model THX type 20018 Rectigon
supnly circuit taken umder circuit conditions as shown in
. This eircuit is similar to that used when reference (c)
atea was obtained with the excention that the plate trans-
sed %o obteain reference (¢) date had sufficient secondary
voltage available to exceed the monufacturer'!s pesk inverse
voltaze rating when such operation was desired. In the oresent
report, subsecusut oscillographic film records 6C, 7&, 7B znd 7C
of Plates 9 and 10, were taken with the rectifier circuit supplied
by the menufucturer. This transformer did not, however, give as
much neak inverse voltage as the secondary of the transformer used
when the experimental date was obtsined for reference (c). The
neek inverse voltage which would have existed for an &verage out-
nut voltage of 110 volts and @n average output current of 1.0 ampere
is ecaleuleted as 475 volts where the manufuscturer's 3* o inverse
1€ reting is 375 volts. This explcins the arc back conditions
sred in the tests reported in reference (e) rhen usd
it type of filter where, in order to obtain the av
nditions of 110 veoits at one empere, the pesk inver
{ of the Reectigon rectifier tubes was excccded,

£

he accompanying are backs encouniered,

1 Cs trece 33 shows the full secondary traus

volteges. Beneath this trace is that of trace 34 sho i
t Rectigon No. B-4+ The angle of co

se 15 seen to be 180 =le Lrlcai de:

The wave form for the anode anveres of rear Hectigon No

2 « d=3 18
not shotm, but ig similer To that showm 1n trace 34 except that
is disolaced hy 140°, If the ancde currents of both Rectigons are

nlaced togett
that shown i

gide by side there results z weve form S“Wllua to
m No. 7B, trace 38.
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cur”ent

Lower than in the
conduetion angle

1 T
Geads corres

25 and 30 ressed
@ pri; Pl
should be made 1e absetice of et
Qnu<s ant to the similarity of the rectified anode current wave
ghape with the primsry input current wave form.

and 38 give the weve forn, inctaﬂtanoous values,
hase relstionship of the average load ountput volts &nd

rer
25. The principsl frecuency is double the supply f“@?ﬂﬁnuj,
«s 120 cyecles per second.

I'fj

Film 7C, traces 32 and 40 give the full secondary trausformer
volts and average load output amperes for compariscn.
2 Feetifier Regulation under varlous conditionse.

o

%ith the rectifier circuii operated as showm in Flgure 2 with the
trensformer primary input voltage held substentielly constant,
snd with load output cwrrent aversge the independent variclhble,
and lozd output voltage average as the dependent varicble, the
following observetions vere made and recorded:

Transforner Primary Rectigon Output Loz Sutput Load
__Input volts  Eilse.volts  Volts &ve Alneres Aver.
22540 2.2 118 Va2
2255 i 114 0.4
225 i 115.5 0.6
255 # 11345 0.8
22565 Z.18 109 1.0
225 B 106.5 Lo
225 L 10465 L3
225 I 103 l..
225 1 102 L5
25 ¥ 100 1.6
4R5 i 98.5 1.7
225 iy 97.5 1.8
R25H o 95 1.9
225 L D45 7o
£25 i 93.0 2
225 " 92.0 2z
224 g 90.5 243
2245 “ 9.0 Znid
223 . 83.0 25



{(b) Lith the rectifier circuii opersted as shown in Figure 2, with
the lcad cutput current average ag the independent var iaile,
the transforner secondary, volis R.ii.S. u”& the losd outnut volts
average as the derendent Cvorish oing observitions
were mede and recorded:

Load Loed
Transformer Peex Inverse TFils.Volts Jutrut Jutput
Yolte — £11 Yolts on on volts anneres
of becondary Rectigons Rectizons Averuge iverace
199.5 28z 2B 116.2 1.0
20y 293 2+30 22 1.0
212.2 300 A 126.5 1.0
213 310 2.50 151.8 1.0
227 321 2.60 138 1.0
#235 333 2.63 144 1.0
230.5 326 2,66 137.8 15
229 32 2.66 121 2.0

1

Manufzcturerts Hoted Pea 75

)

¢ Inverse Volts on Rectigon =

3 Voltage of Primery and Secondary not increased further due
to the fact that the Rectigon filament supply is from this
transformer. The Rectigon filament is rated at 2.2 voltis.
Under the above condition the Rectizon tubes znd asscocisted
circuit functioned in & satisfactory manner desplte the fact
thet the neak inverse voltage on the tubes had been increased
by 23.8%. If the menufacturer's rated velue is taken the
mergin of safe operation on peak inverse voltage is 39.4%.

132 The ecuivalent resistance and reactance of the transformer,
referred to the secondary, was measured under the condition of using
only half of the secondary winding and are given below:

Fouivalent Resistance to Secondery = 2.5 ohms.
Eguivalent Resctance to Secondary = 1.2 ohms,
Eanivaleat Impedance to Secondary = 3.1 ohms.
hoAF fiectigon rectifiers type &-289/16-D were used in the sub-

Jjeet rectifier. The starting and arc-~drop voltages, taken from
raference {(¢), are as follows:

Gtarting ire-Drop
oltage Voltage

B4 114 7.0

B



15. inalysis of losses in the various circuit elements of the

rectifier as shown in Figure 2, using ¢ 200 microfarsd smoothing
capacitor, and an induetive output load, cre &g follows:
Losses - - iatts  Within accuraecy of

Trensformer, Iron, estimatedescsccccacecaness 1

%]
I+

8]
S

&

Transformer Copper, calculatede.sssvecscceaes 25 + 5%
Reetigon Tube filemenis, 2 tubeSeesececveesss 85 + 1L/2 of 1%
Ractizon Tibe Ar¢ DroDecssesesnesvsnsenseneses L * 5%

Filter Inductive Reactance, estimated........ i —
Tilter capacitor, negligibléccecevoscesascace —— _
Cutput load Expenditure, A.Cesvececccsccssens Fi, + 207
Cutput load Expenditure, DiCevecvecsscesssass 111 + 1/2 of 1%
Gscillozraph current elements in circuites... 2 —

TOTE L vesmenmunsnses 239 BHLLE
secsured Rectifier Transformer Inputeces.ses. 259 uiztls + 1/2 of 1%

*_.

- S s 11 5 e
Jverall Efficiency = = = A2 .85 + l/g of 1%
=9

In computing the transformer losses, the L.C. walis expenditure in
the output load circuit, and the loss through the tube arc drop, the
caleulations were bused on the existing wave *ormv encountered in the
circuit,

16, Per cent ripple can be expressed in & number of ways. I1f

the definition of per cent ripple is taken as the ratio of peak to

vailey bottom of the alternating voltage to the &vera;e voltage cupressed
in per cent, then the value obtained from Figure Z circuit operation is
found to be as follows, when actual values ere taken from Film lo. AB,
trace 12.

Peak of &lternating Voltage 133.6

Valley bottom alternating
voltage 1042

i erenctvssrvipesmsus bkl

iversze Dutput Voltage 110.9




However, if the definition of percent ripple is taken
the effective veluc of the ripple veoltage to the &
voltaze, expressed in per cent, then the value obtaine
circuit operztion is found to be as follows, when actual valiu
taken from Film MNo. 4B, trace 19.

[¢]
2

£
-
(&)

R.il.S. Value of Ripple Voltagze 16.2 (celeulated from wave form)
Lverzge vzlue of totel voltage 1G9

6.2
110.9

Ripnle = = 1A65

CONCLUSIONS

5

17. The Fectigon tubes used in the Hodel TBK radio transmitter
rectifier unit are being overated within their rating of peak curreant

and peak inverse voltage.

18. The Rectizon tubes are electrically and mechanically satis-—
factory for use in the subject Naval equipment with an ample factor of
safety. However, the life expectation is not apt to be greatly in
excess of 1000 hours which means tube replecement approximetely every
six weeks, if continuous operation exists.

19, The Rectizon tubes represent a makeshift applicztion of a
tube desizn already existing, and therefore do not represent the most
efficient type of tube for this circuit, from the stendpoint of filament
energy consuaption, voltage and current ratings, lif'e expectation, and
overzll efficiency for continuous operation at light load and full load.

by space requirements of the Rectigon circuit ond its
weizht are considered excessive for the amount of power output.
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