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Tre LTSIM & 1ndussry san be used sxtensively
1o varizus regulatoss : ) Mary devicas and instruments can
be improved through its uss. Somz: of these ilnstruments ars dssaricved telew.
.

The 4T8IM tube ig an craimary dicde wiin a volfyvam satheds,

The psrameters of the tubs ars az follows. filamsot veltage, by; filsment
current, 1.6--1.9 amp: plate curr=ni, 10 ma; saturavicn trapscondustance, 0.03
ma/v; plate voltags, 250 v, life, 3,000 wr. - i

The woltram catheds gives stabls emission and a provounced saturation ef-
fect. Humission surrsot is roughly prapsrticnal to the enth power of the
filament veltage, Theze feabures make the tube very ussful for th: measuring
devices of various voltage and cuzrent rzgulators and alse for rseiays.

‘ Its long iife, which is even longer whern the tube orverates in normal clr-
cuite whers the fillament i3 underheated, makes 1b very reliable. Its dravhbacks
are the relatively higk time constant {(Que to the thiek filament, whish pro~
longs the life)} and the relativsly nigh filament curraznt, whiech limite its use
in lew-power d¢ circuits. The tube must bs preaged for 24% hr under rated ccn-
diticus befcre putting it inte service to abtain abzciutely constant emission
because the wolfram filamant contains some traces of thorium imrediately after
manutfacture which ars evapirated in preaging. i

A nuxber of sircuits utilizing the BI3IM diode ars described belew,
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Meazuring Element {or : Rogula*or s

Firagure b guves s . measuring 2loment cirewat for de voliage regulators.
In this case, us SIM diode 13 reccmmendzd omly in regulatcrs designed
for gepsrators with relatively low yatad voltags and nigh wurrsnts,  For 110 and
230 v gensrators thers wilt be ionsiderable power loes in tus resisterz Rp and
53 beraase of the high WM fiiamsol curreot, Ther2fore, Lne wsasur ing element
+ir-olt sbewn ip Fipurs @ wid be used for g@snerators wath ratsd voltages of
2 and 8 v,
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Tre advantage =f amplidyne voltage repulatere is trhe posaibility they
offer for cperating a generator with a very 10w or Sven negative sxoiting tur
rent. This is very ampertant for synchroinoius o NASNSETE OF FELSTALOTS 2perat-

ing on long lives

Vibrating Voitage Regulatcrs for Low.-Volzags DO G2nsrafors

A LTsiM dicde in & vibrating veltage regulstor circuit may be vary advanté-
geous as cinparel with the ordinary typs of regulator. As 1s known, auv electro-
magretis relay acts as a measwring alement in the ordinary types of vibrating
regulatsrs for lew-voitege A gENEr&LOr=. Therefore, such regulators cannot
maintain a suffisiently stable tage. Their opzraticn is serizusly affected
by temperature variaticns, cnanges in the distance hetwesn raley zontaczts,and
by the drop-cut lag factor Eresumably based upon ratic of drop-cut to pick-

up surrent: through relay o il
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Use of a 4TsIM diode in a vibrating regulator system can greatly improve
1ts operation. Figure 8 snows the regulator circuit. Onz of the windings of
a sensitive polarized relay (R =13,000 ohms, pick-up current 0.l ma) is con-
nected in the plate of the UTsIM. The relationship between the relay wlading
current and the voltage at the regulator input is shown in Figure 9, curve 1.
The current in relay winding IT is directed so that its mmf opposes the mmf

in winding I. The surrent flowing through this winding is shown by the straight
line 2 in Figure 9. The slope of this straight line with respect to the
abscissa is determined by the resistance Rp-

The contacts of the polarized relay Ry are closed and opened at voltage
changes of + 0.17 v (% 0.7#) with respect to the voltage corresponding to
the point O.

The contacts of relay Py close the circuit of the fast-acting relay P,
the contasts of which alternately shunt and insert resistance in the exciter
circuit of the generator.

The polarized relay Py has ancther winding III, which is connected, in
series with the capacitor C,, across the line. This winding provides flexible
feedback and increases the Vibration frequency, thus decreasing the fluctua-
tions of the regulated voltage. For a 1.5 kw, 24 v generator, the vibration
frequency is ~~15 cps with the regulator parameters specified. In an addi-
tional 687 tube is introduced, as in the circuit of Figure 5, satisfactory
regulator operation can be obtained with a much less sensitive polarized relay.
A similar circuit can be used to regulate the voltage of an ac generater with
an exciter voltage of 24 v. 1In this case the 4PsiM filament voltage is taken
from the generator voltage through a transformer.

AC Voltage Relay With a High Drop-out Lag Factor

Many protective and automatic circuits require ac voltage relays with a
high drop-out lag factor. Voltage relays used in many protective circuits
have drop-out lag factors on omly 0.85-0.9,

Use of the WTsI1M makes it possible te obtain a voltage relay with a con-
siderably higher drop-out lag factor {0.97-0.98) than ordinary electromagnetic
relays.

An ac voltage relay circuit is shown in Figure 10O. Like the previous
circuits, the left half of tube Lp operates as a cathode follower and the
right half as an amplifier. A code relay coil (eoil wound with 45,000 turns
of PE wire, d==0.08 mm, R =10,000 ohms} is scnnected in the plate circuit
of the right half of L,. The rectifying section is the same as that used
for the ac measuring element. A standard code relay with a rewound coil and
improved insulation of the working contacts was used. Depending on the con-
tacts used, a minimum or maximum voltage relay can be obtained, The drop-out
lag factor is ~~0.975; it can be varied by ad justing the sliding contact of
the potentiometer Ry . This makes it possible to regulate the amplitude of
the plate current changes for a given ac veltage chenge. The voltage at which
the relay operates can be regulated by 2 rheostat (R1= 300 ohms); the rheostat
permits one to regulate the operating voltage between ~95 and 135 v for 120 v
and between 190 and 210 v for 220 v. The relay draws ac power of ~ 20 va,
The oscillogram shown in Figure 11 demonstrates the fast action of the relay.
The oscillogram corresponds to the time required for relay operation for an
instantaneous change in the voltage at the terminals of from 90 to 110 percent
(and vice versa) of the operating voltage.
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Two-way Electronic Voitage Relay

{

{
Many circuits for automatic regulation {for example, in rough voltage i
regulation with the help of an autotransformer) and relay protection require ;
a two:vay ac voltage relay. One pair of contacts in this type of relay closes .
when the voltage applied to the relay measuring device increases to a certain {
value. When the voltage drops, ih1s pair opens ani the other pair closes. ‘
The alternate closing of the pairs of contacts takes place at voltage fluctua-
tions of + 1.5-2% of thz specified value

Figure 12 shews the schematic diagram of an electronic two-way ac relay
which differs from the one discussed in the preczding section in that the
plate current of the right half of the tube L, flows across the two coils of
the two relays P, and Py Code relays with rewound roils were also used here.
Each relay has twc windings: the main winding has 45,000 turns of PE wire, 4=
0.07 m, R = 12,000 chas, and the auxiliary winding has 15,000 turns, of PE
and 4= 0.08 m

With thesz parameters and two pairs of contacts, each relay operates when
tpe current in the main winding is 4.8 ma and drops out when the current is
1.8-2.2 ma. The current is flows through the auxiliary winding of the relay
Pp ina direction such that its mmf opposes rhe mmf created by the current iy
in the mein winding.

The value of the current i, is set, using tie resistor R‘S’ so that the
mf created by it 1s greater than that raquired for relay operation. In gen-
eral, the suxiliary winding is not used. The relationship between the plate
current of tube Ls {right peif) and input voltage fluctuations (for 120 v) is
snown 1n Figure 8% 'As ip the previous cace, the slope ~f this curve and thus
the relay's insensitlve zone depends upen the poeition of the sliding contact
of the potentiometer Ry {curves IT and T11). When the voltage is less than
119 7 v {for the characteristic curve 1), the mmf created by the current i, is
sufficient to seat the Pp armature. When the voltage rises above ~20.8 v, the
current i, flowing cpposite to i, and determined by curve 1, incrises SO
greatly that the resulting mmf bezomes lsss than the mmf corresponding 1o re-
lease of the Po armature and, consequently, the Fp contacts are opened. When
the voltage rises to 121.1 v, ths current 1) bocomes strong enough for relay
P, to operate. For & sonsiderable 1ncrease 1n voltage, the mnf in Pp may be
reversed in sigp but it cannot reach a magnitude sufficient for Pp to operate
again, since the upper part of the wurve 1n Figure 13 is almost parallel to
the abscissa.

When the voltage drops to 120.1 v, the current i; decreases =0 greatly
that the armature of relay Py drops out. If the voltage drops to 119.7 v,
the resultant muf of Pp becomes sufficient for it to operate and its contacts
close. Thie is the manner in which a two-way relay operates. The voltage
filuctuation correspending te ¢losing of the Py and Pp contacts is equal to

AU=121.1 - 119.7 =1.b voor approximately 1.2,

As mentioned above, the insensitive zone depends upon the position of
the =liding contact of the potgntiometer Ry. The oscillogram in Figure 1h
shows the high-speed operation of the relay. The oscillogram shows the time
required for the relsy contacts to switch-over for an instantaneous +1
varistion of the normal relay voltage.

The relay is mounted in a cover from an EP 231 control relay and can be
used for 110 or 220 v. The power drawn is ~~25 va.
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AC Voitmster With an_Expanded Scale

tve relatively snall voliage deviations

Whenever it 15 important to obser
from & definite value, it 15 very d4sa1rable to use instruments with an expanded

scale in the given range An incandescent lamp connected in series with the
instrument 18 sometimes used for this purpose. The 4Ts1M diode makes it com- 4
paratively simple to obiair such an instrument using an ordinary d¢ instrument

for this purpcse. |
1

the rircuit for this ipstrument. Additional parts are
- +hat the overall size is only slightly in-
ted op the same principles.

Figure 15 shows
arranged obehind the instrument S
creased  An ac ammeter can be renstruc

APPENDIX. GRAPHICAL WMETHOD OF CALCULATING A BRIDGE WITH A 4Ts1M DIODE

Figure 16 snows th2 va characterisiic surve of the LTsIM for several fila-

ment voltage valuss

Let us first consider tne case correspanding to & constant bridge supply
voltagge Let the lins reszistances in the bridge arms be equal, for a variation
from U2 to US 4 AU, 1o the filament veitage, a vcltage of A Uy will appesr
in the bridge diagendl (Figure 17). The streight line iR is dra¥m from the
point corresponding to the supply voltags and rtg & is pumerically equal to
the plate resistance.

Figure 18 shuwe an expandsd view of theas cnaracteristic curves. The
voltampsrz characteristics ard jaealized and drawn parallel to the x-axis
througn the points where the ragl va -haracteristlcs Cross & vertical line
drawn through the peint g Thus, iz assum=d that the ac plate resistance

of the diode cperating woder saturation conditions is infimite. When the file.
ment voltage changes by A Ug and there 15 no output lsad, tha voltage cn the
bridge output AUy w1ll be equal to the segment ab (Figure 18) or

A(,/,:ﬂ,:aa»cfyo(———zl/a'k .

where R 1is the plate resistance. For a 1% :bange in the filament voltege,
the voltags at the ocutput of the measuring element will be

/uW;__A_U/___ = 0,07 Bia s (/75 R
AU, A
;j7§‘~//ﬂ td
AYf

or, passing to the limit,

_ oo UL R _Bia
/{Aﬂ/ Fa &y/ 4

where U% {: the filament voltage for which the bridge is balanced.
Tn the actual circuit, the bridge supply voltage als2 varies simultan~

eously with the filament vcltage; for a smali filament voltage change with

' respect to the talance voltege, this relationship will be linear. Consequently,
whan shaoging to & new veltampere characteristic, corresponding to another
f£ilament voltage, the straight line 1* of load resistance will be drewn perallel
to line 1 from the point corresponding to the new supply veltage. According
to Figure 18, the voltage at the measuring element cutput A U2 will equal:

bU,= al, - &7 + 25,

-6 -
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where GOl i3 the change of the balance potential equaling _ééji,
MU= DY~ DU, + Azud = 4y, - _d_AEU :

The voltage in the disgonal for a 1% voltage variation at the measuring element
input in this case will =qual

but since

Hence, the voltage at the measuring clement output is less than it would be if {
the bridge were supplied frem an indepeundent source.
Let us also consider the influence of the ac plate resistance of the tube:
ry =arc ¢tn G.
Figure 18 shows the case of independent bridge supply, where the triangle
cde is shown in the upper right-hand corner on an enlarged scale. It is cbvious
that !

AUy = alU;=h.

in the triangle cde:

7= 4 tan «
n =4htan

ptr =4 (tarn o -+ t""’ﬂ)

-

On the other hand,
Pt = AU,. Z‘dn(@ ,

_ cot X _ /Q ,
ﬁ-ufeot‘oc +cotl - A(// '€+}’i
U=l 4%
¥y

The veltage at the measuring bridge »utput for a filament voltage varia-
tion of 1% with respect to bridge balance voltage is:

- s
23 o7 s /_§_
that is, the ac plate resistance of the tube accounts for the dscrease in volt-
gge at the measuring element output. After taking all factcrs into considera-
tion, the relative voltage at the measuring element output equals:

EYS / 7
-, [2) a - Z_ .
fy=001- U7 R 2 (vz) = 708
;

-
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The curve ig = £(Uy) in Figure 19 vas constructed to determine the most advanta-
geous dinde filament voltage for bridgs balance, and, ronsequently, the resist-
ance in the bridge arms.

In plotting this curve (from the curves in Figure 16), the ac plate re-
sistance of the diode vas assumed to be infinite, that is, the sloping lines
were replaced by horizontal lines drawn through the points where the real
characteristic cross the vertical line corresponding to a voltage_f_ (V= 200v) .

Figure 19 alsc shows the dependencs of the line resistances in the
vridge arms upcn the voltage corresponding tc bridge balance provided that the
resistance in the arms of the bridge are equal . This curve permits one to
determine the values of the resistances which should be used in the bridge
arms to balance the bridge for various fi ament voltages of the 4Ts1M diode.

al’d

Figure 19 also shows the curve ") and the curves for ,4(01 and ,6/02&

The dependence of a. plate resistance variations upon {ilament voltage must be
known tc plot the curve for ,«03 This relationship is shown in Figure 20.
This figure alsc shows 1 -»_}]3__ as a function of Uf‘ The curve for ,4403 has a
maximm corresponding to ths diode filament voltage at balance of Up == 3.4 v
and resistances Ry = 45 kilomms in the bridge arms. In reality, the bridge
arms are 50 kilohms each. For this resistance value, o3 16 ~11.5 v/f%.
When the bridge is loaded, the amplification factcr decredses. It can be

api::r oximately assumed that 0

/t(/?a-/aod =/”0 POt e e
¥ where r, i8 the equivalent bridge resistance across the terminals of the
diagonal.

/[Appended figures follow,]
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