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‘ AUTOMATIC EQUIPHMENT AT SEISMIC STATIONS
‘ OF THE NORTH TIEN SHAN Z0WE

ollowing is a translation of an article by A. A. Fogel!
Tn Izvestive Akademii Nsuk SSSR, Seriya Geofizicheskays
(News of the Academy of Sciences USSR, Geophysical Series),
No. 2, Moscow, 1960, pages 229~235.7

Description of equipment used ot geismic stations of

the North Tien Shan zons, intended for automatic charnel
‘elevetion, introduoction of muliistage cosrse tuning and
notification during registration of esrthquakes.

My seismic stations are fitted out with equipment which it it
nstomsry to call signalizers. A signalizer has to provide, first of
all, a clear, readsble record of wezk as well as strong earthguskes,
nd, secondly, signelizstion proper (sound and optical) sbout the re-
cording of earthguskes.
in order to solve the first problem 14 is necessary to increase
the heating of collimator tubes during the recording of an esrithqueke
end 1o introduce coarse tuning of the jnstrements so that its opers~
tionel increase would provide a resdable record of all phases of the
earthouzke. To achieve this, it is expedient to change the coarse ton-
ing coefficient according to the arplitude of oseillations.,
The term Ysignalizer® is no longer gppropriste for an appavatus
. which performs these operations automaticelly. It would be mora cor-
rect to call it an apparatus for sutomutic heatlng increase, coarse
 tuning and notification (APZ0). An APZO schematlc has to satisfy the
. " following demands: mawimsl sutomatism; operational stability; economy
in the consuwption of electricity; sdaptability for stations of the
general type as well as for teleseiomic and reglonal stations. _
Seversl schemstics of signeiling avparstus are deseribad in the
1iterature, A photoslectriesl signalizer, constructed by A. E. Oztrove
skiy é‘;;?, provides only notification, aithongh the schematic, with 2
small change, could yield higher heating of the collimator tubes. Its
large consumption of energy, however, mskes this schematic jmpractical
for nse &bt stations without an AC supply or where the Flow of current
is irregular. . A
T. I, Hersesov!s contact signalizer ["2;7 is intended for re~




cording only.strong earthquakes. A disadvantage of V. I, Solov'yev's
signalizer L 3 / congists in the simltaneity of switching on the in-
crease of hesting and coarse tuning, which could prevent the readabil~
ity of the records of small earthquakes.

A two-stage signalizey, installed at the "Moscow' Seismic Staw

ion Lf&;?, permits, because of the ingenious wtilization of two sup-
plementary collimators, switching on additional heating with 2 emnll
amplitude of oscillation and switching on cosvse tuning with a great-
er oscillation amplitude. The wide range of amplitude change during
_earthquakes of different gtrengths, however, nmakes one-stage coarse
tuning insufficient, and the schematic does not provide for changes
of the coarse tuning coefficient in relation to the amplitude.

4 schematic for automatically jnereasing the heating of ¢olli~
mator tubes was first installed in 1950 at the npima-hta? Seismic
Station. In 1952, an APZO apparatus for the introduction of threc-
stepped coarse tuning with coefficients 5, 25 and 125 was genstructed
at the same station. :

Towards 1956, an APZO apparatus which satisfied all the above-

igted specifications was in operation at the Central "Alma-Ata™ Seis-~
mic Station, as well as at the regionsl stations of the North Tien
Shan zone ("Kurmenty", "Chilik®, ®I1i%, and "Fabrichnsya®). At the
ugima~Ata®, "Chilik" and "Kormenty" stations three-gtage coarse tuning
is provided. At the "I1d" and Fabrichnaya! stations it was found pos-
sitle to limit coarse tuning to ons-stage (§ = 5)e

: _ " pccording to the operat-

ing principle, the APZ0 is &
photoelectric device with dry=-
cell feeding. The operstlon of
the device is completely auto-
matic, and continucus operation
3¢ assured only by prophylactic
ciesning of relsy contacts, as
well as by a change of the bat-
teries once every six months.

The optical part of the
AFZO (Fig. 1) consists of three
photoelements 5TsV-3 (or STsV-hL),
an sdditional collimator 1 and

Fig. 1. Diagram of the oplical the coarse-tuning marker.
part of the AFZO & rey from collimator 1,
1 - additional collimstor; 2 - rafizcted from the mirrer of one
golvanometer; 3 - photoelements of the operating galvenometers
b - cosrse-tuning marker. 2, falla on the crosspiece of the

. middle window of the photoelement
block 3. At the distances and dimensione (mm) given in Fige. i, at a
recording amplitude from 3 rm and sbove, the reflection of the light-
beam is displaced from the crosspiece to the middle photoelement. At

the seme time, the heating of the collimator tubes is increased.
At a recording amplitude from 70 mm snd above, the ray falle
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at one of the ocutside photoelements, which are comected in parallel.
In thst case, the first stage of coarse tuning cuts in. A new increase
of armplitude to 70 mm will cause the connection of the second stage of
coarse tuning, ete.

The ccarse tuning marker L is a small light source with a slot~-
ted disphragm 0.3 « O.b mm wide. The marker is fastensd to one c¢f the
galvanometers in such a way that ibs slot is parallel to the cylindri-
ezl lens of the recorder. The ruy of the marker has U6 lie in one
plane with the operating rays. The bulb of the marker gives a short
flash when the coarse tuning is convected. The image of the slot falls
on the cylindrical lens and is focused by it. Lfter development, &
clear horizontal line appears on the selsmogram.

The electrical lay~-cut of the APZO (Fig. 2) consists of three
basic units: a photo-cell block with amplifiers and the coarse tuning
panel are lecated in the registration compartment; an operating panel
with control and signalization boards as well as the basic relays are
located in the service compariment.

Two one-tube amplifiers with 2P1P tubes &are employed in the
schematic. The leskage resistors R,, R, are equal to 300~1000 megohms.
The vacuum photo-cells STsV=3 {or S%s?»ﬁ) have a very small dark cur-
rent, Together with carefully-instelied insulation of grid chaing,
this assures absolutely relisble and stable operation of the pholiore=
 lays, The grid displacement (battery Bl) constitutes 9¥. The operat-
ing point of the amplifiers is set by means of a change of voltage on
screen grids by means of potentiomsters R3, R (1.5 megohm). Optimal
screen voltage consbitutes 35-L0 V. '

Polarized relays R, and Hh‘are connected as anode loads.. They
are tuned te operate frow 50-1007 pa current.

Ry - polarized relay, cornected according to the dlagram of a
time velay, with a switch-off delay of 12-15 sec. Rjp - polarized re-
lay of the time marker. One winding of this relay is connected through
& detector to the outpui transformer of a radic receiver, which psrmits
semi~zutomstic reception of correct time signals on the selsmogrem.
Ry, Rgy Ry, Rgy Ry = any multicontact relays with matehing voltage; R6
~"pitéh relay with two electromagneis, providing rotor movemernt in di-
rect and reverse directicns. The relay is assswbled from two telephone
type selectors. Ryy - polarized relasy, signaling the burning-out of
collimator tubes. It has & low-ohm winding (L0 turns of the Pil = 0.8
wire), cormected serislly to the collimator chain, and a high-ohm coil
(of 500-ohm order), connscted in perallel to the collimators. The mag-
netic fields of these windings compensste each other in the basis pesi-
tion. If collimator tubes burn out, the increase of current flow in
the high-ohm coil and & simulianecus decresse of current flow in the
low-ohm winding cause the copnection of relsy Rqq3 signal lamp L7
1lights up and the bell Zvl is comnmected. -

A1l tumbler switches and relays in the APZO diagram in Fig. 2
are in the basic operating position.
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Fig. 2. Principle diagran of the APZO
hen the 1isht falls on the middie nhetceipwmnt Fos the Ry re-
lay is conmeciad and, 1WﬁPdLQJVI" following, relay Ro. Ab the same
time, condenser O (30 mfd) is charged trrmaWh.re£1star R (20 kilo-
shortens part of the resistor

Jo Relay Ry COQAQCLL relay R,, which
ko {57 ohm}, inereasing the hesting of the illuminator tubes and cons
-xﬁiittifig_ @i Y}'lx. 13 ;:3}’*..1 .ij c:;,ﬂ’i bf‘l} L—‘r'} e

After the termination of the earthouske, the refle chion of the
lightbeam moves aﬂqxn tn the breaker winding of relay WQ} aﬁd brings
-~ velay, upon the time signal wmark, to the basic aasg.iyu. Condan~
ser Gp, upon discharg t@?vuﬁh resistor Pg (200 kilooh m), keons the
combachs of the relasy Ro close ged for 12-15 sec.  Afller relay Ry is dis-
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connacted, relsy By 1a discomnected and the hwaﬁ,nf i lowerad o nor-
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resistor Rg (1 megohm) and condenser Cg (0.5 mfd}. The time constant
of this cell constitutes 0.5 sec. The use of such a sChematic assures
practically vibration-procf operation of the device, which is very im-
portant in the case of vecording close and especlally local earth-
quakes, when the illumination pulses of photo-cells are very short.

Through tripping relsy By, the voltage reaches the connector
winding of the step relay Rg. Its rotor makes a single turn and
clozes the cireniit of the eoil relsy R, of the first coarse tuning
stage, At the sama time the signal laﬁp Eh 1ighte up and the bsll
Ivy is connected. Besides the connection of coarse tuning shunts, re-
lay Ry alsc accomplishes three pairs of contacts - one, increasing the
heating of the collimators; second, breaking the circuit of the break-~
ing eoil of the step relay, and third, closing and shortening the coll
of relay Ry. _

With another increase of the recording amplitude to 70 mm, the
processes which are described above ere repeated, The sbep relay makes
another sten. The second stage of coarse turdag cuts in and signal
Jamp Lg is 14%t. The third stags of cosrze tuning is connected in the
same way. Relsy Ry of the last stage bresks the circuit of the con-
neotor coil of the” step relay and further smplitude increase will not
canse this relsy to flip.

Switenine off of coavse tunirg can begin only after the delay
relay B, assumes the basic pesition. After this the alternate time
mavk will transfer the step relay oue stage backwsrd., In the same man-
ner other stages of coarse tuning srs also discormected. However, bew
cense of sdditional contacts of relay R., the heating increase caunot
be disconnscted until fine tuning is efvected. Together with the vti-
1ization of the delay relay, it assures censtant increassd hesting
guring all of the earthquake, which substantially betters the qualily
af ‘the record,. , -

Ty the coarse tuning panel the usnal triple Golitsyn shunts are
used, It 15 expedient to increase the coarse tuning coefficient in a
peometrical progression. In addition, the shunts for all three stage.
of cosrse tuoning are of the same size and are cormectod in consecutive
unitn.

In relavs Ry, Bg, Ry contact groups are, by means of & simple
alieration, removed from the winding and are insulsted from thelr
thermal influence as much as possible. This measure decreases tharnal,
currents, which develon in galvancmeter c¢ireuits when coarse tuning is
comnected. Nevertheless, with the connsction of coarse tuning, be-
cause of the great sensitivity of galvenomaters, sows displacement of
zere points is obssrved, which could be sufficient to cause the light
Leam to drift from the crcsspiece of the photo-cell unit. This would
k¥eep the increase of heating and coarse tuning would remsin comnecied
after they were no longer nesded., In order to avoid this, winding of
relay Ry is shunted during the period of coarse tuniug.

short flash of lamwp Ig during the time of the coarse tuning
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marker is assured by the use of a special contact group on relay R,

Tunming of the APZO is performed with the switches T; and Ty
transferred from the operating to the upper position (Fig. 2). 1In
this case, on the flipflop of the photorelay and on the closing of
contacts of relay R,, instead of increased heating, bulb In will
light up, and after the closing of conbacts of reley Ry, instoal of
the conmection of the pitch relay, bulb L, will light wp (at i
same time the marker of cosrse tuwing will not operate). This makes
it pogsible to perform tuning during recording time.

Tuning is done in the following order. kn anode current of
15-20 fta, smaller than the current of cpervating relay Ry, is estadb-
1ighed by potentiometer R& and tested by & microammetsr and bulb L.

The heating increase photorelay appears % be sufficiently close o
the operating threshold at this time.

Tn the same way, a second potentiomster R3j bulb Lo and the
sems mlercammater sre uwed for the adjustment of the coarse tuning
relsy. Switches Ty end T? ayre returned to the operating position
after adjuziment. )

Readjustment and inspection ef the position of the operating
points of photocurrent amplifiere ig performed under normal condi=-
tione not more often than once every 2-3 months.

Tower for the photorelay is supplied by dry cells: BNS-MYD-500
Por heating (B.) and BAS~90 as s source of anode voltagae. Two cells
of tha Kid (E13 type provide & grid displacement of 9V, Cnly half of
the filsments in the ZPIP tubes are connscheds the general heating
current consiitutes 0,128, Total avode current of both photoraleys
in thedr basic position constitutes 100-200 g &. Grid batterlses are
dsiroonnected only &8s a result of self-discharge.

In order to prevent an influence of the connection of the
ATZ0 on the heating of the collimator tubes, the power gupply of gl
relayves and signal devices is achleved by means of a separate battéry
of acowmlators.

. During 1956-1957, regional seismic stations of the North Tien
~han zone cbirined more than 6000 records of earihguakes, During the
szme paried, the Central YAlma-Ata® Selsmic Station registersd more
than 1000 earthouskes by means of the general type equipment, The
APZ0 systews have operated smoothly in all of these observatlons,

At the "Alma-Ata? stetion, during 1957, eight earthguakes were
registered when ons-stage coarse tuning (ff = 5) was connected, two
earihquakes when two stages of coarze tuning (p = 25) were comected,
and trree when twa stapes (§ = 125) were connected.

For instance, in case of the Mongelian earthquake of L Decem-
ber 1957, the maximal amplitudes were registered with cogrse tuning
on the order of 178, For the total increase in the conversion for the
displacemsnt of a writing light point slong a tape, the amplitude
would ba 10 m. In that case, not only could a recerd not be obtained
but even the galvanometers could bs put out of commigsion.

Pig. 3 represents a selsmogranm of the ¢ June 1956 earthquake,
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“yecorded at the "Alma-Ata® Seismic Station (4 =120, M ==7). During
the recording, coarse tuning of the 5, 25 and 125 orders was consecu-
tively connected, thus melking & record of earth displacements with an
ampliitude zhove BﬁﬁaﬁxvpvdahLe along its entire length. During this
earthaueks, marking of the moment of coarse tuning was achieved dif-
farantly than in the lsst variant of the APZ0. An additicnzl colli-
mator, the tube heating of which was changed in accordance with the
coefficient of coarse tuning, was vsed here for marking cosrse tun-
ing. Such a system of warking the moment of coarse tuning required
a certaln change of the schematic and was later changed.

 The described schemstic can be used with slight slteration at
stations equinped with several sets of seismic apparatus of variocus
trpes.

A% the Central ®Alma-Ats! Seismic Station, for instance, be-
gides galvanometric and opbtical recording by eguipment of the gener-
al type, mechanical feccrdina by the SMP type epparatus is performed.

At the beginning of an @arthguafe‘ at the same time as the increase
of collimator-tubs hezting, collimators of optical recording are con-
nact@d and SMP recording devices and optical recording are set into
operation. ,

_ If the esrthiuske is weak and distant, the SMP and optical re-
cording iz discomnectsd afber 0.5 min. If the coarse tuning iz con-
nected, then the SHP and optical recording are connected until the
time when the SMP drums complate their rotation. During sufficiently
strong locsl earthiuskes, the connection of SHP and optical resording
is accomplished hy a ralay, connected to a special coil, located on a
damping plate of one of the 3MP seismographs,

/Fig. 3 on the next page/

i

Sonclusions.

1. Eouipment with auéaméttc heating increase, ceoarse tuning,
and notif ie#hicn, used ab seismic stetlons of the North Tien Shan, ag-
sures: 2) a clear, readsble r,wcrd o? earthquaskes, including strong

distant earthguakes a? any strencth: b) notificabtion to the station
personnel of the progress of the earthguake rzoerding as well as of
the hurnping-cat of rml?imatar tubes; ¢) semi-gutomatic recording on
tape of corrset time signalse.

2. The virtus of the schematic consists in the possibllity

£ its epplication at vegional stations, as 71 as a2t stations of
the general lype.

3. Use of the AFZ0 equipment at seismic stations of the North
Ten Shen zone has facilitated bettering of the gunality of esrth-
cuake resords at these stations.

beedemr of Seiences of iths USSR : Received
glﬂﬁ{?tbﬁ@ of Barth Physics 23 June 1959
- 1
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