WESTINGHOUSE

PHANOTRONS

HALF WAVE MERCURY VAPOR RECTIFIER TUBES

KI-626
WL-866

WL=866A
WL-869A
WL=871
WL=872
WL-872A

LAMT? DIVISION

W ESTI NGHOTU S E
ELECTRIC & MANUFACTURING COMPANY

426
20
411
150
1735

SPECIAL PRODUCTS SALES DEPARTMENT

BLOOMFIELD, N. J.

DISTRICT OFFICES

MARIETTA STREET
NORTH WACKER DRIVE
MORTH 7TH. STREET
BROADWAY

GULF BUILDING
MONTGOMERY STREET

DECEMBER 21 1936

ATLANTA., GA.
CHICAGO, ILL.

ST. LOUIS, MO.

NEW YORK, N.Y.
PITTSBURGH, PA.
SAN FRANCISCO, CAL.

BULLETIN TD-54



—OUTLINES —

ANODE
BASE NO. 3903
" MAX,
2% Bia |
7" MAX,
8 MIN.
BASE NO. 411
KI-626
FILAMENT
NOT
D
m‘:a.o' s
e L AT
FASE O,
[~ F9ar
ai
o
s AbLX.
Ao 28
3 J
o LASE MO,
oFy
1 Uudu
TrPESNE-872
& W8 T2A

556728 o
LLATE 5
FASE AD. = “.:.;,: -
Sy
\ &
. PAEE
<f
ra P
& <X
S
MAX, AL
6. F HASTE S
A L 2308-A
L A,
T THRE W82/
U g ‘:‘ b A ARAEAT
TVOES WL -566 o
£k wr-5665A4
— ~—. 800 Tors”
FASE MO,
e
F502

q

EAE AAEHRT—]

l

TrFEE WL 86584



WESTINGHOUSE HGT-CATHCDE MERCURY-VAPOR RECTIFIER TUBES

CHARACTERISTICS AND RATINGS

Tube Type

WL-866
Filament Characteristice
Fotentlal

28
Current .
Heating time 10. 50.

Maximum Peak Inverse Voltage
{a% 150 Cycles or Less.)
Dlen emperalure
?oltséCond. Mercury Temp.
Optim.Cond.Merc,Tenp.

5000 (Amblent Temperature
Voltsiﬁond. Yercury Temo.
Optim.Cond.Merc.Teap.

7500 (Ambient Temperature
Volts(Cond., Mercury Temp.
{optim.Cond.¥erc.Temp.

10000{Amblent Tempersture
Volts(Cond. Mercury Temp.
optim,Cond.Merc.Temp.

20000
Volte

Amblent Temperszture
Cond. Mercury Temp.
Optim.Cond.YMerc.Temp.

{at 1000 Cyclee or Less.)
000 (Ambient Tempersture
Volte

Mzximum Plsete Current
Instantznecus or Crest
Average or D.C. Value

1.0%
0.25%

. 15.
6-9/16
&~ /

A /16
2-7/16 2-7/16

Approx. Tube Volts.;e Drop
Overall Léngth
Overall Length
Diameter

Maximum
Hexlmum
Haximum

WL-866A WL-B869A WL-871 WL-872 WL-8724
2. ; 2. A . 1
23 18:8 2:3 18:0 2% iZperes
w83), 60. 10, 830, 30. Amperes
CO
GO
GO
15-60 0-50 0-55 15-60 Co
22—?0 10-%2 30—%3 25-70 Co
35-U5 35— o 35-45 o
0-50 c®
10-20 c°
30-l0 c°
5-50 15-50 %5—50 c°
u 5 5-60 ¢9
28 288 30-40 o
15-50 c2
22_20 c®
39-Lo ce
15-60 c®
1.0 10,0 0.5 5.0 5.0 Amperes
0.25% 2.5 0.125 1i.25 1.25 Amperes
10. 10. 10. 15. 10. Volts
6-9/16 14-3/8 yi1/2 8-1/2 g-1/2 Inch
SIS WYE i £ g1/ Iochos
2-7/16 5-1/16 1-3/16 2-5/16 2-546 Inches

*#j 15-minute pre-heating time 1s always required if the tube is used 1n the region of 0-15°C.

# These vzlues may be doubled for operatl
condensed mercury temperaturee not excee

In none of these tube types 1s the base shell

below 200 Volts Maximum Peak Inverse Voltage,
ing the limits shown above.

at

connected to & filament lead within the base.

Additional data and information on these and other Westinghouse electronic tubes may be

cotained by request to the Westinghouse Lamp Divlslon,

Westinghouse Electrie & Menufacturlng

Company, Specizl Products Sales Department, Bloomfield, New Jersey.

GENERAL INFORMATION

The Westinghouse hot-cathode mercury-—-vapor
rectifier tubes, KI-626, WL-866, WL—8G6A,
WL-871, WL-872A and WL-869A, are deslgned
for use in sultable rectifying devices to
supply d.c. power from &.c. supply lines.
Full wave rectification 1s accompliehed by
using two or more of these tubes in sulitable
rectifier circults., The directly heated
cathodes are made in the form of ribbon fil-
aments of the coated types.

The types KI-626, WL-871, WL-866 and WL-872
are most sultable for use in telegraph or
other similar appllicationa where they ere
not in the proximity of radio-frequency
fields, or in locations subject to effects
which would interfere with thelr normsl ope-
ration. The tube types WL-B866A, WL-872A,

and WL-869A have been deslgned especlially
for telephone service and for other rectifimx
installationa where the tubes may be subject
to extranecus electrical flelds. Also, the
voltage ratin§a for the tubes with the suf-
rix letter " are higher in some casges than
for the other corresponding types. The
weights of the various tubes are glven in
the following tabulation:

Net Wt. Gross Wt.of Package
Type of Tube per Tube Tubes Pounds ozs.
KI-626 30z8. 12 12 (o}
WL-866 ' 12 13 B
WL-866A " 12 13 g
WL-869A 20" 1 [ 3
WL-871 1M 50 16 [v]
WL-872 i 6 a2 o]
WL-872A g " 6 22 (o}



INSTALLATION

The Westinghouse hot-cathode mercury-vapor
rectifier tubes are designed to it standard
sockxets and mounting equlipments which have
been especlally desligned for the wvarious
types. Suiltable mountinge for these types
of tubea are tabulated below:

Filament or Plate or
Type of Tube Cathode Mounting Anode Contact

EI-626 s#766732 S#829334
WL-871 UX Socket B#823334
WL-8566 UX Socket s#82933L
WL-866A UX Socket S#829334
WL-872 B#8U1995 S#829334
WL-S72A s#al1ag sS#S2933L
Wi~-869 S#831780 S#781288
WL-86%4A S#831780 S# 781288

All connections in the socanet end fillament
circult should be of low resistance and of
adeguate current carrying capacity. The
mountings should be located so as to hold
the tube in a vertical poeitlon with the
filament end down. There should be no ex-
cessive vibratlon, and the tube should be
handled carefully when placed into i1ts sock-—
et. The bulb becomes very hot durlng opera-
tion, znd free circulaticn of alr should be
vrovided. Any metallic objects or drops of
1liquid should be prevented from comlng in
contzet with the bulb.

When firet received, the new hot-csthode
mercury-vapor rectifier tube should be test-
ed in the equlipment in which it wlll later
be used, and the procedure which 1s describ-
ed below should be followed each time the
tube 1s turned upside down or whenever mer-—
cury has come in contact with elther the
filzment or plate electrodes. A deposit of
mercury on the filament or plate reduces the
serc-back voltage considerably, and a proper
treating schedule should be carrled out to
prevent permanently rulning the tube. After
the mercury hss been redeposited by this pre-
treztment process, the tube should be mount-
ed An a spsre rack near the rectifier equlp-
ment so that the tube i1s held in 1ts operat-
ing position with the filement end down.
Care should be tzken not to lay the tube on

ts side even while changing tubes in the
rectifier unit. If a new tube 1s found to
be in =z oroken or incperative condition, s
clzaiz should immediately be filled out znd
filed with the Transportatlion companye.

As a class, these tubes ere designed to ope-
rate wit=in the speciflied amblent tempera-
ture znd cohndensed mercury temversture ranges
corresponding with the meximum ‘plate potent-
12l rztings. Operation at amblent tempera-
tures below the recomnended limlt may have a
considerzble adverse effect on tube life.

The ambient temperature 1s the temperature
of the alr which encompasses the bulb. This
tempersature should be measured by means of
severzl thermometers placed at different
polnts around and onposlte the filament base
at a distance of a few Anches., If the tube
1s used in a locztion where the clrculation
of air ies restricted, the temperature should
be tzlhen adj)acent to the fillament base and
with the thermometer sghlelded so that the
effects of directly radiated hesat are elim-
inated. If forced air clrculation 1s used,
the aamblent tenperature should be measured
by & thermometer in the cooling =2ir stream
before the alr reaches the tubes. Forced
ventilation may be used 1f necessary from the
stzndpolint of tube safetly factor and life.

In service, the buld will eventuzlly darken,
which effect represents z normal condition.
The mercury-vapor produces a chnarscterilstic
blue glow when the tube 1s operated under
load. External shields or radlo-freguency
Tilters should be vrovided wherever the tube
may be subjected to extraneous high voltage
or high freguency flslds when in operation.
Such flelds mzy produce z contlnuous glow in-
alde the tube znd thus tend to produce bresk-
down effecte 1n the mercury-vapor which willl
adversely affect the tube performance. Radh
frequency fllters will tend to crevent d
from radlo frequency current which zight
otherwise be fed back into the rectifler tuba

The transformer secondary winding should be
provided with a center tap or center tap
registor, end should supprly the rated fila-
ment potentlal at each individual socket
under operating conditlons. As measured at
the tube terminals, the filasment voltage
should not fluctuate more than plus or minus
5% from the rated velue. This variation
should include the effects of plate power
and other eguipment regulation. A filament
voltmeter properly callbrated should be pro-
vided end Ainstalled so that the rzted fila-
ment potentizl can be maintalned. The fila-
ment eircult ls at high votentizl; hence,
cautlon should be nbserved when the fllament
potentiazl s checked by mesns of a voltmeter
connected directly to the filament terminals.

The plate supply of the eircult should be
provided with z time deley relay having an
obtainable delay pericd of sufficient dura-
tlon to allow the filaments to come up to
normal temperature before plate potentizl is
applied. Since varlous installations will
have Tilament supcly transformers of widely
different characterlstics, it 1s recommended
that the relays be adjusted to zive the maxi-
mum permlssible delay. The necessary delay
period will vary with the particular type of
tube, but in any case, the filament must
reach the normzl operating temperature be-
fore plate voltape 1s apclied.

If 1t should become necesssry to decrezse
the filament heatins time, the following
method 1is recormended in testing for the pro-
per time delay. The tests should be made in
the sctusl circult under consideration AT
possible, znd 1f n»t, the charscteristics of
the filament clrcult should be duplicated.
Approximately 115 volts d.c. should be appli-
ed to the plate of one tube through a resi-
stance of sufficient value to limit the cur-
rent throush the tube to 203 of its rated
average value. A voltmeter should be placed
between the plate and filament electrodes.
The filgment supply voltage should be the
maxlimum encountered in service, and the f1l-

ament rheostat should be set for rated volt-
2ge. With the d.c. plate voltage on, the
Tllament supply switch should be closed with
the tube cold and the time noted until the
d.c. plate voltage reaches a constant value.
The decrease in this voltage will be very
rapld until this value 1s reached. The time
noted should be increased by 50%, which will
glve the shortest allowable delzy period for
the particular installation tested. The
fillament and plate voltages may be e£pplied
slimultaneously when the KI-626, WL-866 end
WL-866A types are used at peak inverse poten-
tiels not exceeding 2100 volts.



In the case of type WL-55%A, an
indicator, which is 2z fora of ool
lay, is recommended for use vith each tube

in the rectifier, =znd should be connected 1n
series with the anode. In all cases, regard-
less of the service to which the Tubes are
put, careful handling and conservstilve oper-—
ation will be amply recsid by the longer and
more uniform tube life which will be obtalned.

OPERATION

When a new tube, or zne in vhich the mercury
has come in contact with either the filement
or anode, 1s First placed in operstlon, the
f1lament only should be opersted for 15 min-
utes. The plate voltzge should be reduced
g0 that the pesk inverse plate potentlal 1s
not zoove 20% of the ncek ratings, and the
circult should be closed. After the rectl-
fier has been operated for a periocd of 5 min-
utes, the plate potentisl should pe gredual-
1y increzsed so that normal load conditicns
are resched in 15 minutes.

If 1t 1s not possible in a perticulsr instal-
lsatlon to reduce the pezk inverse voltage to
20% of the normal value, practically the
gsane effect can ve obtained by asslylng the
lowest availavle wlate voltare for short
periods of time. For exrmole, applring plaw
voltage for one second and remove Tor five
seconds. Continue the arvove vrocedure with
corresvondingly longer pericds of time on,
until sztisfactory cperztion 1sg obtalned =%
normel operating voltase. Operation should
e continued for 15 minutes under normal
conditions. If there 1s any evidence of
sparkxing in the tube, the tlime for reaching
full voltage should be increcsed =so that the
tube czn resch stabls overating condlitlions
witnsut ecrusing injury to 1ltself, 1In sone
ceses where a tube has becen operated improp-
erly end shows a tendency to flasi oeccsslon—
ally, tnls charncteristic can be overcome by
follawing the ebove procedure.

The filement of these tubes should always be
operzted at rated voltagec. Less than this
voltare may result in 2 h'gh tube drop with
conzecuent bombardment of the cathode and
eventuzl loss of emission. Greater tan
rsted voltage will shorten the 1life ol the
Tilpment. If stazndoy operstion of the equip-
ment witihiout plate voltsre 1s fdesired, nor-
mal Filament volts: nould be mzintained.
Also, 1f the tizme o.f intervels are lesc
than two houre, the fileneat woltzie should
be left on the tuoes. The vollage drop in
the tube 1s o roximately constant within
the reted current ranze of the tube.

21y stznd in the Afrecilon opnosite to

t in vhienh it is desizned %o pass current.
In other words, it is the safe arc-tack limit
with the tube operzting within the swpecifled
temper=ture ren;e. Thne relatlons between
the park inverse voltoige, the d.c. wvoltage,
znd tre r.n.s. velue of z.c. voltsze depend
larzely upon the iniividual choracteristles
of *ire rectifigr circult and the power sup-
nly. Th: rnresence of line surges, lkeying

surgsg, or ww pthar transient or wave foram
dlcstortion raise tne actual vesl voltag
to & walue which 1ls hi-ner then that calcula-
ted Fron the sine wave voltages in the trans-
farmer. It should, therefore., be emphasized

that the maximum rating of the tube referas

to the zectual inverse voltage and not to the
calcoulsted value. A cathode ray osclllogrsph
or & egpark gap connected across the tube 1is
useful in determining the actuzl peak inwrse
voltage.

Maximum instzntaneous or crest plate current
T= the highest pezx or Instantaneous current
that a rectifler tube cen safely csrry in
the direction in winich 1t 1s deslgned %o
paes current. If z lsrge condenser 1s used
in the filter circuit next to the rectifler
tube, the pegk current is often as much as
four times the load or average current. In
order to determine accurately the instantan-
eous current in any eircuit, the best pro-
cedure usually is to measure 1t with a peak
form of meter or to use zn osclllogreaph.

Mzxioum gverage or d.c. plate current 1s the
Hizhest value of averatve out-ut current that
can be saTely supnlied by the tube in the
operating direction., The average and lnstan-
tanesus current limitsations must both be
consldered in designing rectiflers, end
neither maximun limlts may be exceeded even
theuzn the other 1imit is not reached., The
averzge output currcent mzy be measured by
trne usual types of d.c¢c. meters in the recti-
fier outszut circuit.

Several circults particularly sulted for use
with these tubes are schematically given 1n
the acconvenying circult dlagrems. A sun-
mary of the approximate conditlons and typl-
cel results wnich will usually be obtained
from the uce of these circults are also tab—
ulsted for the various tubes. This also
shows the maln charzcterlstics of the load
current wgve form, as well as the wave form
of the current takxen from the individusl
tubes In the sccompanying circults. Formu-
las wiiich permit calculating the load ~nd
tube current vzlues for these varlous cir-
cuits are also given for the ewproprlate
circuits. These include the varlous volt-
ape retios as well as the current ratiocs
both in the tube =znd lead circults. Where
refersnce iz made to the d.c. voltage values
and to tne load average values, the values
represent the typiczl results which will be
obtzined from the use of these clrcults.

It is important to note that the tabulated
values are theoretical vslues based upon
pure sine wave conditlons, and these wvalues
must be determined for each individual in-
stallztion. This neans that the tabulsated
velue of d.c. voltage 18 the effsctive out-
rut voltage from the tube, and any voltage
drop in the filter or any reduction in volt-
zge occurring in the transforner must be
subtracted from the value given 1n order to
obtain the net voltage output.

The sccompanying tebulation shows that the
voltzge output from a rectifler using tubes
of these types suffers very little losa,
and that the over-all efficlency of the
rectifier ic normally gquite high. Due, also,
to nether low voltasge drop in the tube, the
regulstion of the whole rectifler is very
zood. It 1s gulte obvious from the varlious
wave-form curves that a small amount of ril-
tering 1s necessary with the various six
tube clrcults. Alsc, the slx tubs circults
permit the obtalning of more power from the

-rectifier thhan ls mossible with the two or

tnrse tube clrculte, and without exceeding
the voltage rstings on the tubes.
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RECTIFIER CIRCUITS AND FILTER SYSTEMS

Definltion of terms- Load Tube Transformexr

Eav Tmax Erms
Isv Einv Emax

CURRENT RATIOS

@ 9
§

NERLE
HEET
?%" “lg E;:::‘g,”sa.m 0.205| 1.57| 1.41

= 806 Eyux
S
“
(a)

LOoADy,

"‘”IHAX

Logg)

s
(‘)é\z
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