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1. New Instruments “ntended for Mass'Production in 1960f-:

AFollowing is & translation of an article by

I. I. Gur? yakov in Priborostroyeniye fIrstrument
Building), No. February 1960 pages 30 32
cso~ 2900~ N/ll (25) g

Miniatuﬂe électronic: automa*io indicating and controla
potentiometers of the PPRY type and bridges of the MPR4 type
of general industrial application. o

f These potentiometers are inteuded for the meashrement
and control of temperaturec in a set with thermocouples, radia-
tion pyrometers, and electromotive force pickups and the
bridges =<- ih a set with electical resistance thermometers.

The potentiometers and br‘dzes will te produced with

. PPR-}..04, MPR4 04 ~- With a built in master for
electrical proportional and isodromic control with a 100
percent proportionality zone, with one emergency signal
device,

"PPRU4-02, ‘MPR4-02 -~ wlth a position type single— .
contact control device ané with a built in device for remote-
control transmission of readings;

PPR%-03, MPR4-03 -~ with & built-~in master for elec-
trical proporticnal and isodromic control with a 100-percent
proportionality zone, .with a bullt-in device for remote-
control transmission of readings; .

PPR4-O4, MPRLE-O4 -- with a built in master ‘for
electrical proportional and isodromic control, with a 100-
percent proportionality zone, with one emergency signal

"device and with & built-in device for remote control trans-

mission of readings;

PPR4-O4, MPR& -05 -- with a two- position control device,

PPR4-06, MPR4-06 -- with a built-in master for elec-
trical proportional and isodromic control, with a 100-
percent proporttionality zone and with two emergency signal
devices;

‘PPR4-07, MPRY - 07 =-- with a position-type, two contact
control device and with a bullt-in device for remote- control
trensmission of readings; -

: PPRH 8, MPR4- 08 -- with a three-position device.v

Basic technical characteristics of instruments of PPR4 type

Basic error in % o ' fn, - L 10025
Variation in %, not higher than S .25
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Threshold of .pickup in % . 0.

Error of operation of contacts of position : R

. control device &n %, not higher than +0.5
Over-all dimensions in me , . “20hx190X40E

‘ Feeding of the power system of the 1nstruments is
accomplished by slterrating current of 127 volts and of a
frequency of O cycles per second. By varying the feed
voltage by 10 percent and the freguency by five percent
“frém the nominal value, the error of the instruments does
‘not exceed the basic error. | |

Miniature electronlc autoratlc reading and control
“instruments of the DPR4 tyr.: of aeneral industrial. applica-
“tion with a differentisl-iiznsformer system.

. These instrumen®s are intended to operate in a set
with differential~-transformer pickups cf pressure, flow, and
level. Fig. 2 shows a general viewr of the instrument with a
protruding and turnei Drecket.

- The 1nstruments will be prcduced 1n several modifica-
tions- -
* DPRY -~ 01 -- 1n1ended for ‘the measnrement of pressure or
1evel with a bullt-in master for electrical proportional or
isodromic gontrol, with a 100-percent pr oportionality zone,
-ahd with one emergency Signal device; ‘

DPRU-02 -- intended for the measurement of flow, with
a built-in’ master for electrical proporilonal or isodromic
'gontrol, with a 100-percent proportionality zone and with
one emergency signal cevice;

DPR4-03 -~ for the measurenent of pressure or 1eve,
with & position-type, single-contact control device and with
a'built-in device for the remote- control transmission of
readings,. i

o DPR4-O4 -- for the measurement of flow, with a position-
type, single-contact control device and with a bullt-in
~.device for remote-control transmission of readings;

' DPR4-05 - for the measurement of pressure or level,
with a bullt-in master for electrical proportlonal or
isodromic:control, with a 100-percent proportionality zone
and with a bullt-in device for remote-control transmission
of readings; -

: DPR4-06 -~ for the measurement of flow, with a
built-in master for electrical proportlional or 1sodromic
control, with a 100-percznt proportionality zone and wlth
a bullt-in dsvice for remote-control transmission of readings;
- . " DPR4-07 ~- for the measurement of pressure or level,
with 2 bullt-in master for electrical proportiocnality zone,
with one emergency signal device and with a bullt-in device
for remote-control transmission of readings; .
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DPR4-08 -- for the measuremsnt of flow, with a built-
in master for the electrical preoparticnal or isbdemic con-
trol, wlth a 100-percent proportio: alicv zene, vith one
emergency signal device, and with a buiit in dev1ce for the
yremote-control transmission of reading;,'

DPR4-~09 -- for the measurement of pressure or 1eve1
with a posi+’o* type *wo-contact cnntyOL device; -
" DPRY4~20 -~ for the measurement of fiow, with a

. position type, two con rtact control device;

DPR4-11 -- for measurement of pressure or Wevel with
a bullt+in master for electrical ci isodroxic conirol, with
a 100-percent proport ionalltv zone a*l Tith'tﬁd“emergency
signal devices; T

" DPR4-12 -- for meisurement oP ilow, with a bullt- in

master for clectrical rroportional or 1lsodromie concrol
with a 100-percent OMCtuwficnelitv zoxnz and wi*b
emergency s7gna1 devices;

DPR4#-13 ~- for wmeasure e“t cr proessure or level, with
a pcsition~type, two co 1ta-t tcnu;ol, ard ¥ith ‘a built 1n
device for remotu—contr transmission of readings o i

DPRU4-14 -~ fou measurement of flow,; with a two -posi-
tion control and with a buiit iﬁ_d vice fom remote control
transmission of readi:

'DPRY4-15 -~ for Leesu“ement of preo“u:e o Jevel With
a position-type three-contact contwvol device;
DPR4-16 -- for measurement an¢¢fw2 with a”position—

type, three contact control device.

Basie technical nharactesztics of inotvumenes o; DPR# type

Basic error in% - 3 : o 10.25'”
Variation in %, nor higher than ; ‘ - £0.25"
Threshold of pickup in % : ' 0.1
Error of onsration of contacts of the ‘
pcsition~type control de vieeuin“%, : | ‘
rot higher than e '30.5
Over-all dimensions in mm S A 204X190X405

Feeﬂing of the power system of the instrumenfs is
accomplishea by an atuertating current of 127 volts and a
frequeney of 50 cycles per second. By varying the- voltage
of the feed by +10 percent and the frequency by 25 percent
from the nominal value, the error of the instruaents does
not exceed the basic error. - .

Automatic reading, self-recording and control minia-
ture electronic secondary instruments of DSM2 and DSMR2 type
with a differential- transformer system, with a chart tape
100 mm Wide.
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. Instruments of DSM2 and DSMR2 type (i#ig. 3) are
intended for the measurement of pressure, vacuum, flow,
level, and- other magnitudes. “hey wl1lll be produced in a
set with a corréesponding pickup and different additional
devices, for example: .,

: a) with an electrical position type control device;
b rhenstat master for electrical proportional and
1sodromic contrcl, in a set with control fixtures and -
R (¢c) with a device for the remote- control transmission
of reedings.

' The basic error of measurement and recording amounts
to -- 1 percent of the region of measurément, threshold of -
response 0.2 percent, time of passage wlth carriage and
indicator and pen of the wntlre length of the scale can
have three values: 1, 2.5, and 6 seconds. The speed of
movement of the chart fape can be 20, 60 and 180 millimeters
. per hour.

... ;Feeding of thwo measurement Sysues: 1s accomplished fram
a IPS- 113 stabllized scurce of diwrect currsnt. Feeding of
the power system of the instruments -- alternating current of
127 volts and froequency of 50 cycles per second through a
separating transformer. The power consumed 1s 50 watts.
_The over-all dimensicns are 186 X 186 X 440 millimeters.

o PSM2 and PSMR2 automatiC»ind1Cating self-racording
and control minilature electronic potentiometers and MSM2
and MSMR2 bridges witi: a chart tape lOO miilimeters wide.

. The potentiometers are intended for measurement,. v
recording, and control of temperature, in a set with thermo-.
couples, radiation pyrometers, and plckups of electromotive
force, while the bridges are in a set with the resistance
thermometers {(Fig. 4). All these nnstruments can have the
followirng additionel devices: ~

8 er2ctrical position-type control devjce,

{b rheostat master for electrical proportional and
.1sodrom1c control, in a set with control fixtures;

(¢c) device for remote-control transmission of
readlngs.

. The basic error of measurement and recording amounts
to %1 percent of the fleld of medsurement, the threshold of
sensitivity 0.2 percent. The time of passage of the '
carrlage with Indicator and pen of the entire length of the
scale can have three values: 1, 2.5, and 6 seconds. The
speed of movement of the chart tape can be 20, 60, and 180
.millimete“s per hour.

Feeding of the measurement system of the potentio-
meters is -accomplished from a ISP- -113 stabilized source of
direct current, while feedlng of the bridges -- from the

- 4 -
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winding of the power transformer of the amplifier of

6.3 volts. Feeding of the power. system of the instruments
1s accomplished through a separating transformer, with al-
ternating currepnt of 127 volts and a frequency of 50 cycles

per second. The power consumed 1s 50 watts; the over-all.
dimensions arg 186 X 186 X 440 millimeters. 3

Small-éite automatic indicating self-recording and
control instrudients with a differential-transformer system,
multipoint.: s o : , : :

~_ The instruments (Fig. 5) with 2, 3, 6 and 12 points,
with a differential-transformer measuring system and a
recording on a chart tape 160 millimeters wide are intended
for measurement and control of the following magnitudes; -
- (a) difference in pressure (gradient); . =

b flow (liquid, steam, gas%; Lo ‘.

c excess pressure; ‘

d) vacuum;

e other magnitudes, for the measurement of which,
differentlial-transformer pickups are utilized..

. The instruments with two-points of measurement are
intended for operation with level pickups; instruments with
3 and 6 points -- for operation with flow pickups, and
instruments with 2 and 12 points ~- for operation with
pickups of pressure and vacuum.

The instruments operate in a set with pickups which,
by means of a multi-point switch, are successively connected
to the electrical measuring system. The pickups are
mutually interchangeable.

The instruments can have & three-position control
device for controlling one point and a signal device for
signelling all the points (without blocking the signal and
with blocking the signal). : J

Basic¢ technical characteristics

Basic error of the readings in % from working course of
pickup plunger:
(a) for instruments without an
air gap iIn the plunger of the
induction coil *o.s
(b) for instruments with an air
gap in the plunger of the

induction coil £1.0
Error in the recording in % of the working
course of the pickup plunger 1.2

Variation in readings in % of the working
course of the pickup plunger:
' (a) for plunger course from O to 2
mm and from O to 5 mm 1.0

-A5..



(b)- forfpiunger-COﬁféé;ffoﬁ (0}

‘to 7 mm
Threshold of pickup in & -

Error in operation of sJEqal contacti

in %

Time of run -of carriagé over entire'“

scale 1nh seconds
Speed of movemert of ﬁhart tape 1n
mm/hour -

Cycles of printing in secords,
Power consumed in watts - -
Over-all dimensions in m: - T
Welght 1n kg :

. The last of *:» above em.udi.,v‘

120; 1805 2ho;

0.5

0.2

v ,2, 5 andHS

20; 40 60; 80’

360; 480; 'and 720

fff 2,2;\6,u, and 12,8
" 330X287X445
20

nstouments will

be produced by -the L-”ov Council cf hutiona_ Economy; all
the remaining =~-: by the Council ui Nationa’ Economy of

the’ Armenian SSPo o
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uTechnical chavacteristics of the 1nstrumentﬁﬁ*”

2. The ITS-1 Instrument (for the Csble Industry)
[Following 1s a translation of an article by
V. P. Zav'yalov in Byulleten' Tekhniko-Ekono-

" micheskoy Informatsii (Bulletin of Technical-

Economic! Information), No. 2, February 1960
pages 33- 34 080: 2900-N/11 (26) 7 S

The Scientific Research Institute of the Cable Industry
(S6ICI) of the State Committee of the Council of Ministers

‘USSR f6r Automation and Ms~l:‘nebullding developed the ITS-1

instrument in 1958+ . {The instrument wis developed inder the
leadership of englneer V. G. Blokhin.) It is intended for

‘the: measurement of ‘the ‘thickness: of Lead sh@athing anplied
on a cable in order to eliminate: eccentricity (difference

in wall) obtained during the spewing process. .
.+ With proper graduation, it can also be. used for the
measurement. of the. thickness of anw eTectric conducting

‘material by the contact method.

The ITS-1 instrument makes it possible to measure -
periodically the comms:n given. thickness of the 1ead ‘sheath~
ing of ‘the cable. along its entire leng*h,’to détect a | .
difference in the wall of the sheathing without disturbing
its integrity and to make prompt adJustment of the press, .
thereby preventing regects. Besides this, when, the given

instrument is used, errors are preventcd which are unavoid-

eble durirg measuremen

'Measurable thickness of tne lead

sheathing of the cable . .7 071 to 3.5 mm
Maximum error of measurement A 3% .
Power ‘consumed . . . - v o oo T00 vatts
Over-all -dimensions (1ength x oL
. width x height) BRERS o jﬁ 1f_7“s¢f5420X270X510 m

Weight . S . W keg

,Magnitude of current passing dufing the

measurement - th ough .the lead . o __"plﬂv .
sheathing ’ " 20 amperé“

Voltage at the contacts .of the{ e e e
pickup = - : PN }‘}}}Q.Q 5 volts
Value of each graduation division T B .
on the scale S Y 6,01 mm
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3.' Snall-Size'lmbact-ﬁesistant:'Dinectlcufbent
Panel Instruments

Tt

llowing is a translation of an: article by
‘1. Yur'yeva in Byulleten'Tekhniko-Ekonomi-
cheskoy Informatsii (Bulletin of Technical«
Economic Information), No. 2, February 1960,
_pages 38-39; C80: 2900-N/11 (27 J

. P PRI A . N I

- fIn 1959, the “Vibratdr” plant developed and initiated
‘production of ‘small-size, vanel, impact-resistant direct-
cufrent -ammeters and voltmocters of the M145 type which are
resistant against impacts of high intensity and are intended
for Operation at the temperature of the surrounding air from
<-40 to *60° and in a relative hum’dity up to ‘98 percent,
under conditions of vibration, jolting, and slopes up to
459, “Thus; they ¢an be utilized for the measurement of -
direct current in any - installations under particularly heavy
conditions of operation. .’

The instruments are issued 1n round metallic, -air-
tight bodies with a square .cast cover plate. The weight of
the ‘thstruments is 0.45 kilogram; the ovér-all dimensions ‘
are 85 X 85 X 90 millimeters, class 2.5. :

" The measuring instrument -has an intra-frame magnet
(Seé 11lustration) in the form of a cylinder, situated within
the work frame end placed within a yoke of soft iron. ‘In
order to equalize the field in the work gap, pole straps are
mounted on the magnet. 'Such & construction makes possible -
maximum utilization of the magnetic flux; moreover, the in-

- fluence of external magnetic fleld. is reduced to a minimum
" gnd the conzumption of magnetic mate ials is reduced con-
'siderably.

=210 A dharacteristic peculiarity of this construction is
quthe fact that the parts of the measuring instrument ‘are’
" ‘secured not on the base, as is customary, but on a-metallic
membrane which 1s connected with the body, not rigidly, but
by means of a rubber ring. Such an attachment assures shock
absorption by the measuring instrument of high- intensity
impacts., -

. The instruments have no- corrector, the’ stability of
the ‘zero position of the needle is assured by the high' ,
mechanical qualities of the springs ‘made from B”Be bronze.



Messuring mechanlsm of type M145
instrument: ,
1 - closing yoke; 2 == loop; 3 -- pole
gstreps; 4 -- magnet; 5 -- clemp

Mechanical strength of the instrument is attained
not only by the general shock absorption by the measur-
ing instrument, but also by shock absorption by the mova
movable portion in the supports: the design of the
mandrel of the step bearlng assures spring shock absorp-
tion. The parts of the movable portion are made of AMG
alloy which has & high rigidity end small welght.
Bacause of these chsracteristics, the instrument has
impact resistance and withstands prolonged vibration
within the range of frequencles of 3.3 to 33 cycles per
ceoond for an acceleration of 10 meters/squsre second.

In regard to the operatlonal and technical
characteristics, instruments of the type M145 gre not
inferior to similar instruments of foreign firms sand
have & much higher mechanical strength.

Ths basic technlcal characteristics of the
instruments are listed in the table.

The ammeters are made for connection to shunts by
wires with natursl resistance of 0.035 to 0,28 onms.



CERP

Neme of
Inetrunent

Limit of
Mesauremant

Ingtrument

o

Rezletnnoe
of
Inztrument

o

Amineters

Voltmsters

'ﬁ' 10- 29¢ 30{

| amperes

Fo. 7F. 100,

180, 200. 300,
750, 1000,

500,

i"uf_\ 1%- 30. CJO
is0. 280, 350,
and 450, volts

With externcl
shunt of 75
millivolts,
type 755hS

Directly

3000, 2000,
10,000,
20,000,
“0,000,
100,080,
10,000 onms
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4, Domestically Procduced agnetoelcectric
., Oscillographs:

/Folloving is a translation of an article by
Ye. S. Borisevich in Priborostroyeniye (Indus~-
trial Building), No. 2, February 1960, pages
24-29; €SO: 2900-N/11 (28).7

All possible self-recording instruments for contin-
uous or selective recording of different processes are
widely used in modern experimeantal investigations and .
technical measurements. Auzong these lastruments, a speclal
place 1s occupied by magnetoelectric oscilllographs which
accomplish the recording on a uniformly moving phototape by
means of a light ray.

' Among the impoirtent advantages of mugnetoelectric
oscillographs 1s the high sensitivity of their measuring
devices (mirror galvanometers), the possibility of re-
cording within a widec range of frequencies (from fractions to
thousands of cycles per second), and also the possibility of
simultaneous recording of many processes on one tape, which
makes it possible to study and compare thelr development with
time. The accuracy of the recordings obtained on oscillo-
graphs reaches one percent. Magnetoelectric oscillographs
are relatively simple to6 service and are convenlent for use
under laboratory as well as industrial conditions.

Oscillographs are used widely in many fields of
science and engineering for recording different magnitudes
which have been converted into electrical ones.

In the Soviet Union, the devrelopment of magnetoelectric
oscillographs was started in the Thirties, almost at the same
time in severa: sclentific organizatioms /1/, /2/, but,
unfortunately, it was interrupted by the war and was only
resumed in 1085-1947 /3/ - /5/. n

During subsequent years, considerable progress was
attained in the field of oscillograph production. Soviet
sclentists and engineers made a substantial contribution to
the perfection of designs and development of a procedure for

calculating the basic elements of magnetoelectric oscillograph:
/6/ -~ /12/. | ‘

1. The paper correspoids essentially to the reports which
were read by the author at the first scientific-technical

conference on magnetoelectric oscillographs, which are held
in Leningrad in March 1958 and at the seminar on vibration

" engineering in Moscow in February 1959.

- 11 -
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1. Eight-channel cqci]]oareph
» ‘ "MFO-Zp [
1 -~terv1n31~ fcr:cbrnectinb tbe,
'rickups' c-~galvenometer bireaker; .
| v 3-~wettmeter terminals; &--control.
R 1ever°' € w-marker br%ak E~-starting.
v s putton for £1iimy 7ee Lezm*ne]qhof4
Sl L rembte-control stet; B--voltmeter; -
~9&*rhécstet;110-11~-speed=changea.» ’
_ - ‘pver switchee; 1Z-«control cf = . .. =
2o grenning: qpeed 1%-~cover of gel-.
Loimigvenoneter block; l4--dull soreen,ﬁ
18--~cover; ° 6~«illum1rator,, 7 -

. controls of ®1lit cdlaphrasms;:. - ...
1H-velectric mector brea%@r,
J¢~-charging casettes CO-'TGCG V-

Cing casette; fl--indicator of - .
reserve filn, 2z2-~gontrol c¢f frame

. length; 23--contect control;

LR ~~confrol terml nal ”L~-venti]a-
Pl iion grete. :

Univerﬂal Oqcillcgrephq

.Tetle 1 gives brief technlcal charactertstic9,,

of nn!ver=al na&netoplectric oscillcgrephq develcped.
end produced in the USSR.

. Ir acecoréance with the confrol Iignres of the

[ ‘Seven-Yesr Plen and the recommendation= of the Girst

12 -



r Table 1 7
Technical characteristics of universal magmetoelectric
___oscillographs produced in the USSR =~~~
palvanometershs % } Phototape .
Type of Tu o ! g '
, : Type of |58
Oscila : ot BOl8] Speed in cm/sec
) lograph ‘g‘ Type jeus Cassette ;g-gﬁ ‘
IR Dol W =] . bl o al
MFPOu2% | 8} Loop 250 § Tape 3.5 5] From 0,1 te 500
K-12-214 12| Frame |300 | Tape | 10]20} 0.3-1.2-6-25
. ” | . |
Ke20-21 | 20] Frame {300 Tape 20§35; 0.1-0,25<2,5~
AL 4 1 ' -10-100-250
12.08-2 | 12] Frame 1268 | Tape | 12{25} 0.5-2,5-5.0-25-90
0T.24 | 24| Frame ]300 | Tape | 20]40| From 0.5 to 100
POB-16M | 14| Frame [300 | _Tape | 12]12| 0.25-1-4-16-64-250 |
. "k | Drum 0.6 50-200-800
. poB-12 | 12] ¥reme |420 | Tape | 12|12} From 0,03 to 150
B Drum 065] From 0,16 to 800
POB-9 | 9| Frame |250 | _Tape 6‘_TZ_-L'From 0.25 to_ 80
I 1 , Drum 0,3} From 2,5 to 800
% Oscillographs produced in large series,
%% POB.14M os¢illograph produced by the Kisghinev plant under
index N-700,
%
L ~ [Table continued on next page/ .|
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i}able 1

tontinued from page 127

Tiwe , Source
Marking - Visual of feed | Weight -
in ¢ycles Observation 1 in kg Remarks
per second | * “
b : i
It
500 With mechanical w24 } 4 | 33 - :
scanning ~12710.8 :
) ~220 |
1410 No =27 1 5 } 12 - Has electric heater
: » o 10
0.11~10- With mechanicsl | w27 § ¢ | 27 - The same
100 scanning 20 . i
i0 Fo =77 13.5] 16 L
) _ » . 3
_-lo0 - Without scanning =24 | 5 | 37 -
10200 | With mechanical
' scanning 26 1 3|18 1as rectifier and
- . ‘ 6 electric heater
10-200 With mechanical ~24 16 Has rectifier and
" scanning feeding from the
' network
200 The same 24 | 2 9 The same
L A
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Filp. &+ K-12«21 twelve-channel
... csclllegreph. .
Tleshandles for controlling the
tncsndescence of the tubesy &--
changeover switch of phototepe
speed; 3--1llumination Yamp
breskers; 4--cover cf illuminators;
: fe-glectric motor bresker; €--
signal lsmp; 7--button for merkings;
He.-casette sttachment lock; G-«cover
of the magnetic blcck; 10--hendle of
teke-up reel,

Selentific-Technical Conference on Magnetcelectric
Oscillegraphs by the Stete Planning Commlssicn of the
USSR, energetic messures have been taken for expsnding

‘ the production of megnetoelectric oscilleogrephs. At
trte sresent time, a new plant of electrlic messuring
instruments of the council ¢f netional economy of the
Moldsvian SSE has stsrted coperstions and the mass
rrcduction of osclillogrephs; a second plant 1s belng
rezdted fcr operetions, It is nsturel thet at the
first tiwme the new enterprises will need sericus
gaslsrance.

Fig. 1 shove & type MFO-2 universsl cescillograph
whicn s used most widely in our country. This Ilnstru-
mernt hss been in production for sgeverel yesrs. Hovever,

I its individuel reremeters, for exesmple, the characteris-




-
tics of the galvanometerz, width of the phototape, and
weight of the instrument (see Tadle 1) already satisfy
meny consumers. ‘ .

Type K-12-21 /13/ oscillograph shown in Fig. 2
and the K-20~21 and 12-00-2 oscillographs are intended
for tests of aviation egquipment /14/. At the seme time,
they cen be utilized with success in other investiga-
tions., All these instruments can withstand consldersgble _
overloads, have incressed vibration resistance, are
equipped with electric heaters and thermoregulators for
operation at low temperstures, have devices for punching
of lines of the recording, panels for remote control, and
other sdditional devices releted to special conditions of
operation. , ' ‘

Type K-12-21 oscilllograph is belng maess produced at
the instrument building plant of the Leningred Council of
Netional Economy. The K-20-21 oscillograeph 1s being :
resdied for mass production. The 12-05-2 oscillograph is
being produced st the establishment of the Moscow Regionsal
Council of Nationel Economy in ¢comparatively small numbers.

Type 07-24% oscillogreph, shown in Fig. 3, was
developed on the base of the type 08-27 seismic prospect-
ing oscillograph. It 18 equipped with highly sensitive
galvanometers of the type GEMZ-U46 with e frequency of
natural vibrations from 20 to 600 cycles per second snd
electromagnetic damping. A certaln inconvenience is the
utilizetion of sn electromasgnet instead of & permanent

Fig. 3. OT-24 Tventy-~channel “ ]
oscillograph.
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Fig. 4. POB-14M Fourteen-channel
oscillogreaph.
l--tape cssette; 2--cover of the
body; 3-~folding door; 4-plug
cornectors for connecting the
olekupe; S~plug connector for
contecting the panel of remote
eontrol; 6--ears for suspending
the instrument on shock absorbers.

megnat in the block of the genvanometers. The OT-24
osclllogreph is a pert of the installetlon for tensoc-
metriec messurements, These instruments sere being pro-
duced in smell numbers at the plent of the Moscow
Council of Netionsl Economy.

Oscillographs of the types FOB-14M (see Fig. &)
an well ae the rUOBE«12 snd POBR-9 oscillogrsphs were
developed in the Instlitute of Physice of the Earth of
ihe hoad. Sei. USSE /18/. They are provided with high-
1y sensitlve frame ganvanomelers of the types GB-1IV
erd OB-111 with 8 frequency of free vibratlons from
1 to 10,000 cycles per second. All these instruments
are, in asddition to tape casettes, equipped with drum
casettes for recording brief, high-frequency processes.
Feeding cen be accomplished from storage batteries a8
well as from & network of alternating current, through
semiconductor rectifiers installed in the cscillographs.

The POE-12M snd POR-9 cacillographs are gc far
pelng produced ln smell numbers by the shops ¢f the
Special Design Buresu of the Institute of the Physice
of the Xarth of the Aced. Sci. U3SK.

The oscillograph of Type POB-14M(N-700)* 1is &

i
L ¥ 95 Tndex N-700 has been sssigned to the <:>sc:il.‘mgmph'“i
By the Kishinev plant.
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Pig., ©. Six-channel P0-6M oscill-
ograph with autonomous
. electric feeding;
1 --tape casette; 2--door of the
body; 3--filament resistor; 4--
11luminstor S--merker bresker;
6--terminels for connecting the
plickups; 7--«terminals for connec-
ting the merker; 8--cars for sus-
pending the instrument on shock
absorbers; 9--frame with dull
Bcreen for setting the opties;
10-~starting switch.

modernized model of the POB-14 cscillograph and is being
produced by the shops of the Moscow Mechanical Technical
School end by the Kishinev plant of Electrical Measuring
Instruments. It can be sssumed that osclllographs of
this type will have conslidersble use.

The set of the POB-14(N-700) oscillograph hes a
panel of remote control and a magazine of shunts and re-
sistences for regulating the sensitlivity and damping of
the gslvanometers. The instrumgnt hes & motor merker of
time, which hes an accuracy of 1 percent. The scanning
of the recorded curves on the screen of visual observation

13 accomplished mechanically and can be regulsted smoothly.

The oscillograph is preovided with galvanometers of type
GB-IVV with improved charscterlstics. .
On the basis of the MP0-2 oscillograph, which is }
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being produced by the plant of the Leningrad Council of
National Economy, an experimental specimen of a new, elight-
channel universal oscillograph of the type N-101 was de-
veloped and produced in 1958. In this instrument, the re-
cording can be accomplished on a motion picture film as well
as on photopaper 10 centlimeters wide. The N-101 oscillo- T
graph is not listed in Table 1 because 1its production i1s not
yet organizee

Speciaerscillcgraphé

Table 2 lists the technical characteristics of some
special oscillographs which have been developed and are being
produced in the USER.

The N-10 and N-11 oscillographs are being produced by
the plant of the Leningrad Council of National Economy. The.
N-10 oscillograph 1is essentlally a simplifiled model of the
MPO-2 oscillograph.

- The K-5-22 osciliograph is being produced by the
" instrument building plant of the Leningrad Council of National
Economy .

The oscillographs of the types 0S-60, 03-24, FR-5,
and EPO-5 are used for geophysical prospecting of minerals
and are produced at the plant of the Moscow Municipal Council
of National Economy.

» The 0Sh-9 oscillograph is intended for scientific in--
vestigations and is produced in the shops of the Institute of
Chemical Physics of the Acad. Sci. USSR.

The oscillographs of types OMS-11l and UO-12 sare used
for scientific geophysical investigations and are produced
in the shops of the speclal deslign bureau of the Institute of
the Physics of the Earth of the Acad. Sci. USSR.

The P0-6M oscillograph with autonomous electric feeding,
shown in Fig. 5, was developed by the Institute of the Physics
of the Earth jointly with the All-Union Institute of Agri-
cultural Machine Bullding (VISKhOM) and is produced by the

- shops of the special design bureau of the Institute of the
Physics of the Earth and by the experimental plant of the
VISKhOM. In this instrument, the displacement of the photo- .
tape 1is accomplished by a spring driver and the electric
feeding of the 1lluminators and of the time marker is accom-
plished from four dry cells of the type "Saturn" (1-KS-UZ)
installed in the instrument.

The osclllograph of type STT was developed in one of
the Moscow institutes and is intended specially for the regi-
stration of thermal currents.

The series of small-~size oscillographs, including the
MO4-56 oscillograph indicated in Table 2, was developed at

.*;19-



(e : Table 2
Technical cbaracterianica of aome cpecial-purpose oaczllographs produced
. A : ‘ “in the USSR . '
f o ‘ : h" totape . Time .
Oscillograph Fumber sugth | Width | Length| Speed Markings
g ﬂﬂﬁ of of in in in in cycles
i JIype Intended {Galvano= Joptical] ca m cm/aec per -
! - use meters ndicas second
TR T tor in
1«10 General use | 4 250 [ 3.5 5 0.1.50
N-11 ' '| For recording| & 250 | 3.5, 5 1 2.5-5 °
failure in ‘ : ' '
the electric
|_network . i 3 Do - ,
=322 | For. teating | 5 300 16,0 ) - 0,1«0,5+] No
aircraft «2,5- i
equipment o : N SR 1 12,5 :
)8=60 ‘| For eseismic 60 -300 40 - 50 20-40 100
P ﬁroipeeti;g ' 4 ' : ‘ ' :
of minerals o : ;
J5<24 | For seismic 26 1200 20 | 20 20-40 | 100
.prospecting ' - ‘ R
of minerals SO - i
‘Red | Por logging I 360 20 40 1
-1:01l bore- ‘ o ’ Co -30
;] holes . .. : | — L
‘PO-5 | For elect-'. | .6 565 | 10 25 | 0.25 Contact
o] ele prose o ‘'watch
pecting of S
minerals L — ) L ‘ L
3h-9 For scienti. | 9 250 az 15 4-40 | 50 -
A} fic.investi- | = ar : R 100 .
 _gations - L ~ - o
MSell'| For scienti. | 18 535 20 12 0.01.2,4} Contact -
fic investie | . : ' S ' watch - -
o] Bations . : s —
0-12 | For field 12 0 j12 | 12 0,15-1,5] Contact
investigationd T e
0.6 | For field 6 150 {3.5 | 12 | 1-30 ‘Contact
o] investigationsl - N T T - watch
T | For registra=| 5 600 |12 | 10 | 1-15 | Contact
- ;] tion of there o IR ' . watch
e EB1_currents | I S ’ o
J=4=561 Special small 4 125 3,5 5 0.,3-20 Contactwatch
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f%able 2 continued from pageggf

Vigual Source of Feed Weight

Obaervas- ' in .
tion ) kg Remarks

XJ” 'a-*

Without 127

seanning 220 22

No 127 30

220
No w27 2 8,5 With electric heating
8

Without A 8 80

scanning

Without «12 5 18

scanning

Without 116 100 58

scanning

Without ) 5 24

scanning

Without -2b 15 30 Recording on the aerophototape
scanning

Without «12 2.5 25 Drum casette is available
gcanning

Without -6 1.5 17 With spring driver

gcanning

Ko -6 0.5 <} With spring driver and autono-

woug electyic feeding

No 27 3 '
§NE. =27 1.7 3 .




Pig. 6. Diasgrsms of the measuring systems of
mirror gelvanometers for osclllo-
graphe: .

& - loop galvanometer-two-wire circuit (1l-loop of
fine metal thread; 2-mirror; 3-supporting thresh-
olds; Y4-draw spring); b - frame galvanometer on
two spreads (l-frame of fine insulated wire;
2-upper and lower spreade; 3-mirror; 4d-draw spring;
5-supporting thresholds; 6-current conductor);
e~high frequency freme galvanometer on & continu-
ous spread (l-frame of fine insulated wire; 2-con-
tinuous metallic spread; 3-mirror; 4-draw spring;
5-supporting thresholds; 6-current conductor).

one of the establishments of the Lenlngrad Council of
National Economy.

The work of developlng small-size osclllographs
suitable for installstlon directly in the test object is
belng carried out in the Institute of the Physics of the
Earth of the Acad. Sci. USSR and in additional orgsnizations.

Gelvanometers for Oscillogrephs

The measuring device in a msgnetoelectriz oscillo-
graph is, as 1s known, & mirror galvanometer /2/, /6/--
/12/. The tyves of galvanometers and their parameters make
an imprint on the entire construction of the osclllograph
and predetermine its operational possibilitles.

At the present time, oscillographs use galvanometers
of two basic types: loop galvanometers or two-wire clrcuits

L and frame gslvanometers. These types of galvanometers A

- 22 -
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differ essentially in their design, procedure of calculation,
and basic parameters. ,

Fig. 6 shows schematicaliy the measuring systems of
modern galvanometers for osclllographs.

In the magnet gap of a frame galvanometer is not a
loop but & multifork frame supported on two spreads which
operate by torsion. Because of this, it becomes possible
to produce galvanometers for oscillographs with a period of
natural vibrations up to one second and with a correspondingly
high sensitivity, which makes {t possible to record on oscil-
lographs signals of some pickups (vibrometers, tensometers,
thermocouples, etc.) without the use of amplifiers. Frame
galvanometers with a frequsncy of natural vibrations of 20
?yc}es per second and lower have integrating characteristics

12/. < »

For recording high fredquenciles, frame galvanometers
with a continuous spread /9/ are used along with two-wire
circuits. ' ~
In a frame galvanometer, 1t 1s possible, without
changing its sensitivity, to secure the mirror in any place
of the frame and alsc along with the frame, on the spread.
This made 1t possible to group the galvanometers in a common
magnetic system and to reduce their deminsions substantially.
As a result, it became possible to develop highly portable
multichannel oscillographs /15/, /14/.

Table 3 lists the technical characteristlcs of galvano-
meters for osclllographs produced in the USSR. '

It is seen from Tables 1 and 3 that Soviet osclllo-
graphs essentially use frame galvanometers. The utilization
of frame galvanometers, grouped ln a common system, instead
of loop galvanometers with individual magnetic systems, has
made it possible -- as is seen from Table 1 -- to reduce the
weight of %he oscillograph per channel from four to 1--1.5
kilograms. : S

It is necessary to point out that domestically prod-
uced galvanometers for oscilllographs are not inferior to
galvanometers of foreign firms, in regard to thelr design
data and technical characteristics. Winterling, K. K.
High-frequency galvanometers. III. Mirror galvanometers with
s potateble frame. Archives of Technical Measurements (ATM),
721, 19 April 1957.)

Research work on the improvement of galvanometers and
their technical characteristics 1s continulng.

Oscillographs with a Visible Recording

An inconvenience of magnetoelectric oscillographs
which perform the recording on a phototape is the inability

- 23 -
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Technical characteristics of some galvanometere
duoed in the USSR

Table 3
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r [ffable 3 gontlnued from page 247

12-08«2 0T« 24 POB=%9=12-143; PFO-6M
- Frame CEMZa46 frame GB+1V-A frame GBwIV-B frame
Current |Regigt«!Current IBesistwiCurrent }Resists|Current [Resist.
constant|ance in} constantlance inlconstantiance injconstantfance in
in a, Jjohus in a8, johms in a, |ohme in a. }ohms
tn/ s, m/mm, /o, mfmen,
2.5 - U e ) Lage e 170
510 1%
P (1] 1:4¢ [T ST
t.5 0 0 1.2+ o 45*
3 10 Lo
: P RN L We 510 1708
6+ e B3 4,510~ 56+
: 110t 50
4,310 18 ) N {2 1) 9.5« e ‘65’
9,3+ 10~ 10 4,210~ 56e
1.4 302 e MR 56¢ 1.5+10+ [N
5 10-t LY
2,5 10 %
3 - 10 &
410" s
. /Table 3 continued on next page/ |
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zfahle 7 continued from page 257

POBaGw12.14;
PO« 6} MO
" GBa1VeV frame . Prame - Remarks
Qurrent |Resiste{Current |Resiste
constantiance injconstantiance in
in 2. |ohxs in &, [ohms
o/wm, m/mm,
, . . 1. Fraquencies of free vibrations
e e of some galvanometer are equale
114 e
: ized.
‘ 2, Current constant of all the
S fe galvanometers is reduced to the
DRI i 1O meter' .
2,000 . nie [T 1
3, Galvanometers marked with &
e o star have elctromagnetic damping,
13 10me 1 4, Galvanoneters of the types
GEMZ«46 and GB-1V are interw
50 30~ 1
5 oes " changeable,
L d
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" Flg. 7. POB-14 oscillogreph with an
electrographic atitachment:
1--oscillograph; 2--electro-

~ graphic attachmmn+

to obtein at once a visible recording of the processes undsr
~investigation and the nsed to process the tape in 8 dark
Dullding with liquid chemical reagents. .
; The development of wmethods of visible reoording ac-
complished by a light ray by means of highly sensitive mirrvor
s -gelvanometers glve the magnetoelectric. Oncillo&raphﬁ & new
valuable qu&Litv, which will expand stlll more the field of
thelr appliceation.. In particular, such oscillogrephs should,
ln the corresponding deslgn development, be simpler and more
universal thsn modern pen-writing potentiometers.
- At the glven time, three of the most promising methodﬁ

-of obtslning a vislble recording on an oqoillograph have-
heen determin@d.
o The first method is baqed on the utilizetion of

" promine- rhodon "daytime” photopaper seéensitive to ultra-
violet rays and slightly gsensitive to the spectrum of vi-
sible light /16/. As s light source in the given case, use
is made of a mercury lemp of high pressure and the corres-
ponding optics. The phototape comes out of the osclllogrsph
with a visible recording asnd can at once be subjected to
N nqusis. Daytime light and the llght of the eleéectrical

lamp of Incendescencs cause a rather slow darkening of the
,,pbofopa er. In case of the need of prolonged stonage of the
- regording, the pnototape 1s trested with s fixing composition.
" Industry hes masterad the production of bromine~-rhodon photo-
. paper of the type U-F, and at the present time the plent of

the Leningrad Councll of Natlonal Economy hes already de-

veloped an experimental specimen of an oscillograph with &

Lvisible recordinz based on the utilization of subh napmr . |

- 27.



A shortcoming of this method of recording is the need
of utilizing & mercury lamp of high pressure, which requires
powerful sources of feeding.

The second method is based on the principles of
electrography. In this case, the recording 1s accomplished
on semiconducting paper and ccnmes out from the instrument
developed and ready for readlng.

As a result of the joint work of the Institute of the
Physics of the Earth of the Acad. Scl. USSR and the Sclenti-
fic Research Institute of Electrography (Council of National
Economy of the Lithuanlan SR}, tke EPO-1 electrographic at-
tachment has been designed for the mass-produced oscillo-
graph of the type POB-14M/1;-700). The POB-14 oscillograph
with the electrographic attechment is shown in Fig. 7. The
attachment is installed in the place of the casette of the
oscillograph and is automatlcally connected to the mechanism
and the electrical circuit of the Instrivment.

The EPO-1 elccirographic attucizent makes it possible
to reglster at the same time sevex different processes with
g frequency of up to 50 cycles per second and an amplitude
of 25 millimeters. Recording 1ls accomplished on a semicon-
ducting paper tape 120 millimeters wide. When the attachment
1s used, galvanometers of the type GB-IJI with an enlarged
mirror are installed in the oscillograph. The over-all
dimensions of the attachment are 120 x 220 x 240 millimeters;
the welght 1is not over 3.4 kilograms.

In 1960 the Kishinev Plant of Electrical Measuring
Instruments started mass production of the EPO-1 electro-
graphic attachments for the POR-14M{N-700) oscillographs
produced by thils plant.

The third method which makes it possible to obtain at
once a visible recording is based on the treatment of the
phototape directly in the instrument with a special developing
and fixing paste. It 1s not impossible that this method, when
perfected, will be sufficlently effective and economical for
utilization in oscillography.

Conclusion

As has been shown, over 20 different types of magneto-
electric oscillographs have been developed and are being
produced in the Soviet Union. As a whole, they are not in-
ferior to modern models of osclllographs produced in foreign
countries.

Along with the existence of different models of multi-
channel portable oscillographs in our country, statlionary
laboratory oscillographs are, unfortunately, not being prod-
uced so far. Such instruments, having a high accuracy, and
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provided with galvanometers of a wide variety and control de-

. vices adapted for instantaneous frame and continuous re-

cording with maximum operating conveniences, &are very useful
in accurate laboratory investigations. . o , S

. 'A very pressing problem 1s the organization of the .
production of projection oscillographs for educatlonal pur-
poses. - : . s . : o ;.
. In the reglstration of episodic phenomena, the time
of occurrence of which catihot be foretold, for example, ’
earthquakes, accidents, etc., it is expedient to have a
combination of an oscillograph which writes with a light ray

" ‘with a registration instrument vhich has a memory: magrnetic,

luminescent, etc. Such inpiprusents are already available
and work in this directicn is continuing. o
' Recently new 1deas have been advanced for the im-

__prbvement?of'magnetoelectrig oscillographs. Different auto-
matic devices whalch control the arplitude of the recording,

the incandescence of the lamp, the speed of displacement of

' ‘the phototape, the feed of different signals, etc., are .
- being installed in the oscillographs. Radioelectronics are

being used more and more in magnetoelectric osciilographs/7/.
" The development of oscillograph building in the Soviet

. Union requires intelligent unification of the design of

oscillographs. The idea is being advanced for the development
(with consideration of accumulated experience) of a normal

‘series of universal portable oscillographs. In design they

should have a single constructicn, should be assembled from
standard units, and should differ only in the -number of

.channels, width of paper, and transverse dimensions.

‘Widening of the sphere of application of oscillographs
requires intensification of the work for the development .of
machines for the automatic analyzis of recordings. Highly
promising from the polnt of view of cocnvenlence of analysis
is the accompilshment of a multi-channel recording on a
magnetic tape with a parallel or following recording on a
phototape /17/. L S

o+~ In the light of this presentation, the coordination
of work[of-pscillograph construction and of apparatus for the
analysis of oscillographic recordings assumes important sig-
nificance. These functions are imposed on the Al1-Union
Seientific Research Institute of the Construction of Elec~-
trical Instruments (VNIIEP). o -
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5. Electrical Measuring Instruments for Infra-Low
Frequency Circults

/Following is a translation of an artlicle by P. B.

Usatin in Byulleten Tekhniko-Ekonomicheskoy Inform-
atsil (Bulletin of Technical-Economic Information),
(o.)27 Februvary 1950, pages 35-38; CSO: 2000-N/11
29)..

The "Vibrator" plaht of the Leningrad Council of
National Economy has developed a serles of panel-type elec-
trical measuring instruments for alternating-current net-
works of infra-low frequency (0.15-1.5 cycles per second).
The instruments are intended for controlling the operation
of an installation for electromagnetic mixing of steel in
steel smelting furnacez. The use of electromagnetic mixing
aécelerates the smelting process and improves considerably
the quality of the smelted steel.

The main sections of the mixing installation are a
plane stator situated under the furnace bettom and two
alternating-current generators of infra-low frequency, which
generate & two-phase system of voltages with a 90%-angle of
displacement of the phases. When the winding of the stator
is fed with a two-phase current, a running magnetic field is
created which drags with it the metal in the smelting furnace.

During the operation of the installation and adjust-

. ment of the process, it is necessary to control the following
parameters: voltage and current of load in each of the phases;
current in the excitation winding and in the auxiliary de-
vices of each of the generators; active power consumed by
the plane stator (in both phases); frequency of the network.

The basic technical characteristics of the instru-

ments are listed in Table 1.

The over-all dimensions, weight, length of the scale,

and the damping time of the instruments are listed in Table 2.

The instruments are housed in spray-protected bodies
intended for embedded mounting on panels. The Ts130 and

Dz10/1 instruments have a square body which consists of a

cast stile strip, steel casing, and plastic base. The V136

frequency meters have a profile body consisting of cast

stile strip and base and steel casing. '

The emmeters and voltmeters have a single-standard

measuring mechanism of the electromagnetic system and a

valve rectifier on germanium diodes. In the development of

the instruments, the maln attention was directed to assure

the necessary damping of the vibration of the movable portion

A1

i}
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Fig. 1. Meln clrcuits of internsal counection of
the instruments:

s--gmmetey; b--voltmeter; c--frequency meter;
d--vwattmeter; l--rectifier; 2--capacitors; 3--
fremes; 4-~-resistances; 5--polarized relay;
6--ecxclitation winding; 7~-feed source (stabl-
lized),

under the influence of the veriable rotating moment of
infra-low frequency. As distinct from ordinary instruments
of the rectifier (detector) system, the measuring circuit

of the smmeter and voltmeter contains e fllter of the low
frequencles of the type RC with 2 time constant of the order
of 10-15 seconds (Fig. 1).

In the voltmeter, the voltege belng measured 1o
rectified by a push-pull rectifier assembled in sccord with
s bridge circult. A cepacitor is connected at the output
of the rectifier. The winding of the smell frame, con-
nected in seriles with a large edditional resistance, is con~
nected to the terminsls of the capacitor end conducts the
current which 1s proportional to the voltage on the capa-
citor. '

In the ammeter which messures the current passing
‘through the shunt, & voltage is produced thereon which is
rectified by a push-pull rectifler in sccordance with the
circult of doubling the voltage with two cepacitors. The
winding of the smsall frame end the edditional reslstance
which ig connected in series with it ls connected to the
diagonal of the rectifler bridge and conducts the curregﬁ

L. which is proportionsl to the voltage on the two capaciters
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conduct linear currents ot the network. For temperature com-
pensation, a semiconductor resilstance (thermistor) is con-
nected in series in the circuit of each of the small frames.

The frequency metcrs of the vibration-emulsion system
have a sensitive magnetociectrlc measuring mechanism, the
frame winding of which conducts the curreat of the charge of
the two capacitors which are in turn charged from the constant-
‘voltage source end are dlscharged oa ballast resistance. The
processes of charging and discharging the capacitors are
controlled by a polarized relay, tke wincing of which is fed
by the voltage of the network bolug reasured. '

Under ccndition cf invariability of the constant volt-
age of the source, the averae maznltaie of the current in
the smell frame is proporiwcaal to the measured frequency.

As such a source, use is made of the voltage on the gas dis-
charge stabilizer which is fel fron the voltage of the measured
network of low frednency throuzh tre rectifier. For damping
the vibrations of tk. wowvable peortica, e winding of the
small frame 1s shunted »y an oclectrolytlc capaclitor of great
capacitance. :

The readings ¢l the frequency meter do not depend on
the form of the voltage curve.

The enumerated instruments, besides thelr intended
main epplication -- control of the operetion of the instal-
lation of electromagnetic mixing of metal -- can 2ind ap-
plication also in other branches of industry which utililze
currents of infre-low frequency.
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6. Single-Phase Type VMO-35 0il Circult Breaker

/Following is a translation of an articly be I.

G. Korovyakovskly in Byulleten Tekhniko-Ekonomi-
cheskoy Informatsii (Bulletin of Technical-Eco-

nomic Information), No., 11, November 1959, pages
44-45; €S0; 2900-N/11 (30)./

. The Seven-Year Plan for the Development of the National
Economy provides high rates of grcwth 1n the extension of
electrified rallroads, using single-phase alternating current
of industrisl frequency. The "Urelelextroapparat" plant has,
for the first time in the USSR, developed the design of a
single-phase oll circuit breaker for a voltage £ 27.5 kilo~
volts which is intended for rzll»onds.: '

In the develcpment cf the deslgn of this breaker, it
was decided to utilize the maximua number of parts and units
of the breaker presently being produced by the plant. This
facilitated the fulfillment of technological equipment and
assured rapid adopticn of production and interchangeability
of parts. . : :

The VMO-35 oll circuit breaker (see 11lustration)
represents a single-pole apparatus Ior an outside 1lnstal-
lation, mounted on a common frame with an electromagnetic
drive. The breaker provides twc arc-suppresslon devices
situated within a metal tank and secured at the ends of
paste-filled inlets. The arc-suppression devices (chambers),
installed in the breaker, make 1t possible to make without
examination up to five cut-offs of short clrcults with a
meximum power of the cut-off and up to one hundred cut-offs
with nominal current. -

An incrcase in reliable and stable operation of the
breaker was essentially obtained as a result of the applica-
tion of a speclal refractory ceramic material burned on the
ends of the current-conducting parts. Since the breaker 1s
intended for installation at an open substation, then, in
order to assure its normal operation under winter conditions,
provision is made for electric heating in the lower section
of drive tank. Heating 1s started when the air temperature
reaches -- 25°, In crder to make the breaker stable during
transportation and operation, the frame of the breaker was
made of minimum height. The tank is 1lifted and lowered by a
special winch secured on the frame of the breaker.

* An electromagnetic direct-current drive is provided
for controlling the breaker. Drive feed can be accomplished
from a network of direct as well as alternating current.
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Generel view of VMO-35 o

B ;‘j1~~break9r tenk; 2--breaker frame (carcass)

2Z.prc-~suppression devices; 4--current :
transformers; S--breaker cover; 6--capacitor’
_..lhlet; 7--movable contacts,,8~-electromag~
. ];netic drxve. '




When the drive is fed from an alternatxpg—current network,
the drive is connected directly to the network, but when fed

from a network of alternating current, the drive is con-
nected to the network through Semiconductor rectifiers (in
ac¢ordance with special circuits).

.In March 1959, the experimental breaker passed suc-
cessful tests at the Leningrad Branoh o; the All-Union
Electrotechnical Institute. .

F After testlng the breaker, 1ts following parameters
were establlished:

Nominal voltage:.seosesosascsocaclled kilovolts
Maximum worklng voliagec.ec.s.sss.29 kilovolts
Nominal curreuuc.;.gu...,..o.efa;:OOO amperes ,
. Nominal cut-off currentc..c.cco... 14.5 kiloamperes .
' Nominal cut-Off NOWETs .esssvsooo H00 megawatts -
‘Weight of o“edkewo.o..,,ooﬁﬁ,‘..olPOO kilogranms
,Weight of oiiqne.nge......,a;»;,befu kilograms'

qut the present time, the plant: is producing a com-'

' mercial lot of breakers wuich will be sbipped for operation
on railway transport, :
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7. Conference on the Utilization of Power
Semiconductor Rectifiers in Industrial
“Enterprises and in Traasport

f#Zfbllowihg is a trenslation of an afticle by'V., -
K. Nay2is in Elekrichestro (Electricity), No. 2, . .
CFebruary 1960 pages 89-90; C80: 2900-N/11 (31)./- <~

~"A sclentific-technlcal corference on the utilization
of semiconductor rectifiers in industrial ¢nterprises and in
transport was held in Mcscoir 12 Novesber 1959; the conference
was ‘organized by the Moscuiw House of fcientlfic-Technlical
Propaganda imenl F. E. Dzerzhinsky, by the directors of the
Exhibition of the Accomplishments of tle National Economy of
the USSR, anhd by the Sclentific-lechnicul Soclety of Power
Engineers. The confurence was atto..3 By 330 representa-
tives of sclentific organlzations, deslgn burcaue, and plants.
i7" nhe conference was cpened by the representative of the
State Commlttee on Automation and Machinebuilding, I. I.
Dobromysiov, who dwelt on the significance of semiconductor
rectifiers for the national economy of our country.

Corresponding member of the Acad. Scl. USSR, B. M.
Vul, cast light in his report on the prcblems of the design
of a germanium rectifler element. Analytical relationships
have been obtained between the characteristics of the dlodes
and the propertlies of the semlconluctcr material (specific
resistance and length of diffusicn) and the dimensions of
the dlodes. '

The report by engineer V. P, Kamenskaya dealt with
the procedure of testing and Jetermining the maximum para-
meters of powerful semiconductor devices.

The rzport by candidate of technical sciences A. A.
Sakovich examines the rational fields of application of
converters of different types: motor-generator, mercury,
mechanical, selenium, silicon, and germanium rectiflers.

Not one of the converters can occupy &a dominant position

and expel the remaining in all fields of engineering. It

is most expedient to employ static converters: sealed mercury
rectifiers and semiconductor rectifiers, which are components
of converter sets.

Candidate of technlcal sciences A. A. Tayts delivered
a substantial report on the development of power semiconductor
rectifiers snd sets in foreign countries.

Various reports were made by representatives of organli-
‘zations engaged in the development and production of semi-
conductor rectifiers.
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The report by candidate of technlcal sclences S. B.
Yuditskly covers the work of the Ail-Uniown Electrotechnical
Institute imeni V. I. Lenin on ‘the development of germanium
and silicon rectifiers and rectifier sets for industry. -
The series of germanium rectiflers ceveloped by the All-

Union Blectrotechnical Institute has been mastered by the
plant of ‘the Mordov Councll of National Economy. Under de-

‘velopmernt arc several powerful rectifier devices for in-

dustry. The task has been set for 1960 to devslop pover,
controlled silicon rectiflers for & current of 10 amperes
and ‘a voltage of 300 volts. . Coes D g

' Engineer I. A. Tepman reportec oil +he mastery of .
germanium and silicon rectificy dsvices at the plant of the
Mordov Council of National FZcouomy. The plant has mastered
the production of germanium rectifiers of . the type VG1l0, .
VG50, GVV200 for currents of 10, 50, and 2C0 amperes, back
véltaege up to 110-150 volts.. The geriianium rectiflers of
the series D302-305 fur a current ¢l 1.0 superes, back
voltage up to 200 volts have been produced. ~8ince 1960 the

cost of ‘rectifiers has drcpped two to three times. .An ex-

perimental germanium rectifier of the type VG500 has been.
produced for a current up to 500 anmperes, volitage up to 150
volts; sets for electrolytic baths have been developed and.
for feeding the power load, and charging acld batterles.
- - The report by engineer A. I, Gribov -dealt with the
production of silicon rectifiers at the plant: of ‘the: Moscow
regionsl council of natlonal ecunomy. '‘'he plant has, on
the basis of its own advanced technolcgy,. developed silicon

rectifiers of the series PVK for a current up to 100 amperes,

back voltage up to- 400 volts. An experimental lot of sili-

“con rectifiers has been produced and,it‘has,been,tested in

various rectifier installatiouns. The first experimental .

‘silicon rectifiers have been produced for a current up to .

600 amperes, voitage up to>300. volts with water ccoling..
The report by englneer N. P. Bulavin examliied the

technical-economic characteristics and rational filelds of .

application of selenium rectifiers.  The technological pro-~

cesses have been developed for the production of selenium
cells which assure an increase in current density. of two to

three times (up to 75 milliamperes/centimeter), back volta

v o . A' e
up to 45-60 volts, .allowable working temperature up to_130§C,
‘service 1ife up to 30-40 thousand hours. ﬂ
“pectifiers ¢annot compete with selenium rectiflers in the

field of high voltages and small currents, strong currents

and low voltagés for repeated brief conditions and consider-
able overloads. = o+ O " . T 4 a

Various reports dealt with the utilization of recti-

“”fieﬁs]in 1ndu§try and. in transport and also the requirements

- b -
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{mposed upon rectifier installaticas. - S
- Engineer S. M. Rubinovich pointed out the rational =
fields of use of semiconductor rectifiers in nonferrous _ .
metallurgy, and he determined the baslic requirements im- -
posed upon rectifier installations. Undoubtedly, the wide
gdoption of semiconductors for the solutlion of energy capa-
citance problems of electrolysis gives a considerable saving
for the naticnal economy of the country. I

~The report by engineer A. A. Kervovskly examines the
use of semiconductor rectifiers in gelvanic shops, and re-
quirements were formulated for rectifier sets for these ‘
shops. - - . :
¢ ... The development of clectric lucomotives with semi- .
conductor rectifiers wes dselt with in the report by .
englneer N. Kh, Sitnlk. A six-axle electric locomotove 1is
under design with silicon rectifiers of the type N62 and a .
power of 4,000 kilowatts: Thec installation of sllicon rec-
tifiers instead of mcrcury rectifiewvs wili, besldes opera-.
tional -advantages, é&ssure a decrease of 20 percent of the
standard ‘power of thé transformer, make 1lts use possilble for
each motor and individual rectifier installatlon, and :
simplify the control system. The basic problem 1s the de-
velopment of a rellabie protection of the rectifiers. Lo
- "7 The report by engineer P. V. Krotov examines the ..
projeet of a narrow-gauge electric iocomotive with silicon
rectifiers with a power of 150 kilowatis and with a coupled
Yelght of 16 tons. The electric locomotive is designed on.
‘ the basis of silicon rectifiers of ths serles PVK for a .
current of 100 amperes, voltage of 300 volts. Protection
ts accomplished by increasing eg of the tractlon transformer
and rapid-acting PNB-2 fuses. Control of the speed of ro-
tation 1s accomplished by connecting the traction motors to
the rectifier bridges of different voltages. o

_ Y- 'The report by doctor of techrnical sclences A. I.
Moskvitin dealt with the use of semiconductor rectifiers
‘for the ‘exciltation of synchronous generators and motors...
The most progressive 1s the attempt .not only to replace the
‘rotating excitation unit by a static semliconductor rectifier,
.~but -also -to place it on the roil of the generator in order

“to ‘eliminate sliding contact. Moreover, it is possible to

" ‘make ‘excitatlion windings of the machine on currents of
seversl thousand smperes with one-two conductors in a groove
‘and with liquid cooling. The use of wedgeless construction
“iggsures an increasé in the efficiency of the machine and its
overload capability with respect to heating. Circuits and

i .

“designs have been developed of excliters with semiconductor

pectifiers which are installed on the rotors of the machines.
Development 1s underway of direct-current machines with the

_up -



preplacement of the commutators by semiccnductor rectifiers.
~ Candidate of technical sciences L. M. Tverdin reported

on the use of semiconductor tricdes in automated electric
drives with mercury rectifiers which fzed direct-current -
motors and in circults of frequency control of asynchronous
motors . - The developed single-channel systen of ‘network
control by multi-phase lonic converters cn semiconductor
triofdes assures low power of control (up to 0.1 watts),
.constancy of steepness of the front of the trigger pulse,
rapid action, smali sizes and welght. Cilrcuits of frequency
converters on triodes of the type P4 with feed of motors . .of
power up to 70 watts have been develcred and investigated.
A task has been set to inersuse tie power of semiconductor
~ triodes, which will make it possib:e to> solve the long=
ripened prohlem of alternating-curvent electric drive with'
frequency control. A “ N
B - The report by V. A. Naydis =zacines the utilization,
of power semiconductsi rectiflers i tle electric drlve of'’
tools and machines. A develcped dirvect-curreént drive with a
wide range of control of the motor with weakening of the
_current to 1:4 with feeding from a sllicon rectifier with -
‘diodes of the series PVK on 50, 100 smpsres .and 300 volts
should be used expediticusly in mecharnlsms of main motion
of metal cutting tools, . o o o

Some reports dealt with the experiénce of development,
production, and industrial operation of installatlons with
selenium rectiflers.

The report by I. A. Salynskly touched upon the problems
of the development and investigatlion of devices with selenium
vectifiers for weldlng installiations. Calculations are
cited of the parameters of the rectifiers and their charac-
teristics. Descriptions are given of the types V38s8-120-3
and VSS-300-2 welding installaticns for manual arc welding,
cutting, and fusing on metal. '

The report by engineer M. M. Smirnov presented the
experience of the production and operation of rectiflers
for installations of metal coatings and electrlc arc welding.
It is necessary to consider as pcsitive the experlence of
operation in the course of over three years of a selenium
rectifier with oll cocling.

' The there of ths report by englneer B. V., Strogov
was the experience in the production and operation of power
selenium rectifiers for instellations of galvanic and anodic
coatings. The lecturer considers mos<t expedient the use of
natural air cooling of selenium cclumns. Several types of
selenium rectifiers have been produced for galvanic and
anodic baths, units for starting motors, a rectifiler for
electric arc welding.
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... -.. . The conference adopted an extensive solution on prob-
lems of the development and production of semiconductor ,

elements and sets with thelr utilization. The conference.

recognized that at the present time in the field of prod-

uction of power germanium and silicon rectifiers, as well as
in the improvement of selenium rectifiers, certaln progress

has been attained. However, the production of povwer semi-.

conductor rectifiers does not assure the requirements of -

.the national economy with respect to volume or nomenclatire.

.. .. This 1s particularliy pertinent to -sets with semi~
conductor rectiflers. It is necessary to develop powerful-
semiconductor rectifiers for electrolytic installations,
anodizing, production of copper, zinc, and other metals,
electric.drive of tools ant machines, feeding of arc furnaces,
excitation of synchrencus machines, electric traction, etc.
Lo Silicon rectifiers are need Ior & current of up to
1000 amperes and beacl: voltags of un to 1000 volts, controlled

A

3sémiCOﬁductOr,rectif»ers for large currents and high back

véltgges,'dry‘trénsformers with siaall losses, rellable and.

rapld-acting protectlon of rectiflers. . N
., .The conference recommended to accelerate the develop-

ment: of State All-Union Standards on semiconductor rectifiers

with a single proceduzc of testing and to develop a scale of

.baslc- parameters of rectifier devices. .
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8. Series A2 and AO2 Three-Phase Iluduction
E ‘ Electric Motors

/Follovwing 1s a translation of an article by N.
L. Marchenko in Byulleten Tekhniko-Ekonomiches-
koy Infeormatsii (Bulletin of Technical-Economic
Information), Ho. 1i, November 1959, pages 40-

43; ¢80: 2900-N/11 (32).7

The existing single series /A and A0 asynchronous
electric motors with a powe oF G.6 to 100 kilowatts does
not satisfy modern requirerents of rnatlicnal economy.

A subhstantial shortcoming of this series 1s the small
number of power steps. The euntlre series has only 14 power
steps lnstead of 18-20 steps irn tho same rauge.

: Moreover, the single serieg A zid AU electric motors
-is, on the average, 15 percent heavlier than the electric
motors of coriresponding power of existling series by foreign
firms. : '

In connection with this, a new serics of electric
motors has been developed at one of the plants. The new
series of electric motors has the same letter designations
as the old cue but with the addition o the numpber 2. For
example, the new series of asynchronous electric motors of
general industrial arplication is designated A2 when
shielded and AO2 when closed and air-blown. Thils same
change is introduced also in the deslgnation of electric
motors of different modifications. For example, electric
motors with an increased moment have the designations of
types AP2 and AQP2. ,

Electric motors of the new sexrles have a power up to
10 kilowatts ouly when shielded. ©The inlet device of the
electric motors should be closed. Xlectric motors with a
phase rotor are also made closed. New specialized modifi-
cations have been introduced, including low-nolse motors
with a bullt-in electromagretic brake, chemically stable,
telpher, mine, and other motors. The number of power steps
has been increased for electric motors of small and medium
power of the new serles.

Series A2 and A02 electric motors also are belng
produced with increased slip fcr the textile industry, multl-
speed, with an increased moment. 'This series also contains
a group of specialized electrlc motors that are tropic,
frost, chemical, and moisture resistant. The nevw serles has
various models 1n regard to the method of mounting (v4, vs,
V6, Shch#4, V6/Vh4 for electric motors of 6-9 dimensionsj.
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Index mimber of | 1 2 \ 34 s ‘g 6 | 7 8 9

over-all dimension {i- u : | [ !

Outeide diameter |} | . 1 P :
of stator package, i 133 | 153 ; 180 l 28 | 243 . 291 LM3 393 L458
- o i I '

Synchronsus speed | 3200 | 3000 | 3000 | 3600 | 3000 | 3000 3000 | 3000 | 3000
of rotation, rpm 1500 | 1500 | 1500 | 1500 | 1500 1500 | 1500 | 1500 | 1500
LTSI TR 11000 | 1000 11000 | 1000 | 183D 1000 | 1ogo | 1000 | 1000
750 | 780 Y| 750 ) 780 750

| o
v The outslde diameters of the stator packages for A2
and A02 electric motors heving & pOWer frem 0.6 to 100 kilo-
watts {with 1,500 rym) heve nine different diemeters, in
accordance with the nine over-all dimensions of the serlies
(Teble 1). : R o e
. -.Teble 1 slso shows the speeds of rotation of the A2
end AQ2 electric motors of different over-all dimensions of
general industrial applicetion. - o S
L;;-In-regard.to'the~method,of mounting =-- the new serles
of .electric motors of generel industrial application and 8lso
of electricsl modifications snd specialized epplicetion --
there are the models Sheh2, Sheh2/F2 for shilelded end closed
sir-blown electric motors end the models V3, v, Vs, V6,
Shechb, Sheh, VE/V3 only for closed elr-blown electric motors.
. - The distribution of the power of the electric motors
of the single serles L2 and AO2 with respect to standard
dimensions &s & functlon of the method of protection end the
speed of rotation is shown in Teble 2. The power scaele of
the electric motors cf the serles A2 snd A02 corresponds to
the - recommendations eccepted et the corresponding internstlonal
conferences. : , o
.. The nomlnal voltage of the electrlc motors 18 220/380
.; and 380/500 volts. . ' v '
o . .'The installeticn dimenelons of theA2 and AQ2 electric
motors heving a speed of rotation of 1,500 rpm are listed in
Tgble 3. In this table, the dimensions withln the brackets
sre those which can be accepted efter final testing of experi-
menﬁélusp601mens‘ﬁsee'illustration). - :
" 'Sepies A2 and AO2 electric motors sre made with cast~

J
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Table 2
- ‘ Puwer, kwta,
Shielded A2 ‘ Cloged, air-blown A02
& 2 gl g g & g
: ~21ES | B Ml Rl gtle | @ & 2 lea &
rEt R = o & " £ o o oy &
MBI OE G o & = _ Q 5 g
: SEI 38 18 T AT R I8 “x A 4 8
5 e~ oy @ o 4 = [y G 32 wed ol P O
q it - -1 - . 0N 06 0.4
i2 — — — i i1 0,8 0.6
9 21 - - — s 1.1 8
24 - - -} =] 22 1,5 Lt
3 Y - - f . - § —§ 301 22 1.5
32 - - - Raand 1 'a' ,‘) :5 y “) 2;‘2 “
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Installation dimensiong of A2 and AO2 electric motors
Table 3
Overall
dimension L; ! 2 3 4 ’ S
Power, kwts 66108 | 11} 15 22 ! 3 4 |55 15 I 10
Standerd meg e e - e T
. (¢ : . i
duension mlnalx an n2lale]s l 52
A |0 | us [ e | e | 190 ‘ 190 | 216 | 76 | 254 | 254
B 100|125 | 2| o 114 ! 140 uoi 178 | 18 | 210
g e NN AL . L
: c || || 6| ||| e s 0
o
] . T —
E D |18 |8 || 0| B w2 2w s
] . — oy oy 1
ol
2 E l 0 | 40 [ 0| 50| 60| 60| 0| 80 | 80 | %
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iron bearing shieids. Electric motors of 1-4 over-all di-
mensions are also being produced with bearing shlelds,
using aluminum alloy of strengthiened delsgn as a base.

The windings of the shielded eiecctric motors (di-
mensions 6-9) and closed air-blown electric motors (dimen-
sions 1-5) have insulation of class E, which allows an ex-
cess temperature of T75C.

. The windings of closed alr-blown electric motors of
dimensions 6-9 have insulation of class ¥, which allows an
excess temperature of 100°.

The multiplicity of the stavrtiag current for serles
A2 and AO2 electric motors is equal to seven-~-the greatest
value permitted by GOST 186-.32.

“ The speed in texperatiare increase of the stator
winding of the electric motors of the new series 1s equal to
70 per second at startirg. TLis speed of increase in the
temperature assures electric rotor: with no damage to the
insulation under a shovt-circuiting cuvwment when cold elec-
tric motors are connected with a Liaked rotor in the course
of 15-20 seconés.

The labor requirement for producing electric motors
of the new series is less than that of series AO and AOQ2
electric motors.

Only as a result of a decrease in the consumptlon of
materials and an increase 1in the power indexes, the annual
saving from the adoption of series A2 end AO2 electric
motors amounts to about 330 milliocn rubles per year.
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9. Electrochemical Sources or Cuprent

[Follovwing 1s a translation of an article by
- P. D. Lukovtsev in Priroda (Nature), No. 12,
J()eciml_j;er 1959, pages 22-28; €S0: 2900-N/11

L Electrochemical sources of current, i.e., devices by
‘means ‘of which the energy of chemical processes 1s converted
directly into electricel eneresy are in many cases not inter-
changeable. These devices are sinple 1in operation; they can
‘be made of any welght, any dimensions and geometric shape.
" Electrochemical sources of current are comparatively slightly
sensitive to outzide effects--temperature, impacts end vi-.
bration, molsturs, ete. All these propertles have determined
the wider field of awplication of stovege batterles, cells,
and batteries in comparison with other sources of electric
feed. Devices for starting englnes of automobiles and air-
‘planes; submarines; eiectric trains and electric cars; arti-
‘ficial satellites of the earth and sounding balloons; means
of communication, signallization, and automatism in railroad
“and watér transport; portabie radilo recelvers and magnetic
'sound recorders; pocket flashlights and audlo apparatus; -
portable welding apparatus and electric ciocks--thls is a
rather incomplete list of objects regarding which electro--
chemical sources of current have found application. '
~ ¢+ . Depending on the intended use, the requirements im-
~ posed upon electrochemical sources of current are quite .
“'diverse, but essentlally they amount to a maximum possible
“4ncrease in the energy and power r~r unit welght or volume,
~1.e., to a reduction of the dimensions and welght, expansion
“iof the working interval of the temperatures of the source,
maintenance of constant voltage during the discharge and,
finglly, an increase in the service 1ife and in shelf life.
Practically most important 1s the requirement for a reduc-
tion in welght end dimensions of the source of current, inas-
much as they are used predominantly in movable objects.
" An expansicn in the fleld of application and an in-
crease in the requlrements imposed on the electrochemical
‘sources of current stimulated the wide development of scienti-
fic ‘investligations in this field. The results obtained have
made it possible not only to improve the technical indexes of
the "existing but also to develop fundamentally new types of
cells, batteries, and storage batterles. Thls progress was
attained by the development of new -designs of "electrochemical
. ‘sources -of -current, the utilization of new materials and new
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electrochemical systems, and also by the use of improved
technology.

A ‘characteristic exampie of a change in the design of
an electrochemical source of current is the development of
so-called pie dry magnanece-zinc batterics. In the ary
battery of earlier design, which was assembled of zlnc cells
--cups, for the rmost dense packing of the latter, a substantlal
portion of the volume of the battery was not utilized. As-
sembly of the battery on the principle of voltage column from
‘plane "ple" cells made 1t possible to utilize more fully the
“volume of the battery and to increase by 1.5-2 tiwes the
“indexes with respect to speclfilc energy. .

-+ . 0f great significancs alno was the improvement in the
" ‘téchnology of the producticz oi’ ceils, batterles, and storage
_ batteries. A example in thils respect 1s the development of
‘" nonlemellar alkaline cacdxlum-nlckel storage batterlies. In
alkaline storage batteries (cf ordinary technology), the.
positive ‘and negative electrodes {(ri.ates; ave made by as-
gsembling lamellss, I.e., packages of perforated metallic
foil with inclosed powders of active masses of mixtures of
_the oxldes of nickel and graphite--for positive, cadmium and
“iron--for negative plates. In this case, the metallic
casing of the lamellas shlelds the active masses and hinders
thelr effective utilizaticn. In nonlamellar storage bat-
teries, the active masses of the elecctrodes are introduced
by a speclal technological method into the pores of plates
made by powder metaliurgy from rickel powder. The porosity
of such electrodes attains S0 percent. It is possible, in
accordance with the nonlamellar technology, to produce thinner
plates than for lameliar storage batteries wlth actlive masses
which are utllized more effectively. This mekes it possible

“'to design storage batterles with high indexes as regards
cépacigﬁnce; power, and efficlency &t iovw temperatures-(down
to =50%). - : : o S
1.7 Nonlamellar plates do not swell during operation, .-
_vhich makes it possible to assemble storage batteries in
plastic vessels. The use of nonleamellar technology made 1t
possible to develop starter alkaline nickel-iron batteries
which are not inferior to the volume and weight characterls-
tics of lead-acid batterles but which have a service life
‘“sevéral times longer., This is particularly important for re-
 “ducing the operating cost of city autcmoblle transport.
* -~ Dpy galvanlc cells and batteries have found the great-
‘est application {1t is more correct to cali these cells -
. "batteries with thickened electrolyte). During the prewar
' period, they were produced esseritially on the basls of the .
' mangenese-zinc electrochemical system: manganese dloxide (+)
--salt electrolyte--zinc(-).

Ces -



Filg. 1. rE0e mercury
. Ldr(f seme
* ‘bmﬂﬁuLL :
N L However, the mangenese-zine cells and hettevries have
“Lso subatantlal QHOftﬂOmLAg“ which 1imlt their use. These
aciude the low ;ccifan povwer, dependence of capscitance on
tnci orce of the discharge current (loed), and the Inconstant
voltage during the diﬁﬂkuzpﬁ. For this reason, durlng the
development of dry cells and batteries, in addition to
SZTJ“TRQ for s maximum reduction of the welght and dlmensions,
greet —efforts were divected to incresse thely power and im-
prOV“ the form uf the dlscharge curve, l.e. , the curve of
the voltage as a funetion of the dischsar rege time or capac i-."
. tance 1Lb6 ated bv the cell or Udtiprb d@ri ng -the dis tlmr?
. Good. reaults vers oblained from the u of electrochemical
. systemz of the type: mercury oxide (¥}-wglkaline electrolyte--

zince ( -y - Mercury oxige cells d@v&l@ppd after the war opeprate
?t 1.25 volts and have compsratively high indexss of specifle
€ﬁ”FﬁV per unilft volume s well se speclfic power. Suech cells
have, for the same b?“ﬂxjtﬁan, many times less volume than
.m&uyan@sanziu cells (kL 1}' The hriwl"of‘some mersury
oxide cells is compsrable with the thickness of one match,
while the maximum d“&ﬁ?teﬁ does not bYC?ed its 1@u€£h (lﬁé 2).

@ Fy

Fig. 2. . Mercury oxide

cells of aif-
ferent bapaciu INGE . )
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The electromotive force of mercury oxidée cells changes
1ittle with time and temperature; for this reason, they can,
in various cases, be used as standard cells. The utillization
of semiconductor diodes and triodes, siall-size parts,
printed circuits together with mercury oxide cells makes 1t
possible to develop rather miniature radio recelvers, audio
apparatus, magnstic sound recorders, and other devices. The
shortcomings of these ceils, in addition to thelr higher
cost, are the small efficiency at temperatures below 00,

Besides the mercury oxlde cells, other dry cells with
an alkaline electrolyte have heen Geveloped; for example, less
costly mangancse-zinc end air. The zikaline rmanganese-zinc
cells have an inconstant voltage during the discharge. Dry
air zinc-carbon and ircn-c:xboa ceils dc not have this short-
coming and can be utilizad i pocket fiashiights, audio ap-
paratus, and other devises, llovever, the tcechnical character-
istics of the alr cells deteriowcots notlceably with declining
termperature, and belliw 0° the cells & 1ot uvperate 1n a stable
manner. :

Very minlature dry indlum cells made on the basils of
the electrochemical system: mercury oxlde §+g--alkaline
elzctprolyte--alloy of indium with bismuth differ from the
mevcury nxide cells with greater shelf life. They are in-
tended for use in elec*ric wrist watches. The substitution
of =inc in mercury oxlde cells by the titanium alloy mede 1t
possible to develop & cell which has a wvorking voltage of

one volt and 1s very stable at increased temperatures (80°).
Their shortcoming--high temperature coefficient (1-1.5 milli-
volt/degree).

It is necessary to cite dry cells with potassium ci-
chromate or vanadium pentoxide as the cathodes, which have
found epplication 1n storage vattewiles designed for operation
at low currents.

Recentiy., great interest has bcen displayed in bat-
teries with sclild electrolytes: solid salts or oxides having
an ionic conductivity, ion exchange resins, and also solutions
of solid electrolytes in polymers. Examples can be batteries
of silver-iodine cells with the electrolyte of silver iodide
and also silver-lead cells with an electrolyte of the chlorides
of lead and silver. The electromotive force of the flrst cell
1s equal to 0.8 volts, that of the second--0.5 volts. These
cells are assembled into small-size high-voltage batteries
which are used in instruuents requlring very small currents
(1ess than one milliampere/square centimeter of the electrode
surface).

Manganese-zinc batteries and cells have also been de-
signed in which the electrolyte 1s zinc chloride dissolved in
& solid resin of polyethyleneglycol. It 1s assumed that the
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shelf 1ife of the batteries with the solid electrolytes can
reach 20 years.

: Storage batteries. As distinct from dry cells &and
batteries which have found wide application in eleé¢tronic and
other apparatus which require comparatively small currents,
storage batteries are used chiefly ln devices which require
large currents, for example, as power devices on subsurfsace
vessels and electric cars, for "ignition" in automobiles, for
Jifts, fire signals, etc: =

The development of storage batterlies proceeded 1ln two
directions. In the main, the efforts were directed to in-
crease the specific energy and power of the storage batteriles
and also their climatic stabllity and service life. Intensive
work was belng carried on to develop alr-tight or leak-proof
storage batterles capable, in varlous cases, of replacing dry
cells and batteries.

The most outstandling accomplishments durlng the last
10 years include the development cf sllver-zinc storage
batteries which utilize the electrochemical system: oxide
(peroxide) of silver (+)--alkaline electrolyte--zinc (-).

Up to 1950, it was considered that such a system is sultable
only for cells of single action, which are stored without the
electrolyte directly hefore use. This was governed by the
small shelf life of such elements, which is connected with
the high speed of solution of the zinc in the alkaline solu-
tions and the capacity of the silver oxides to be reduced by
molecular hydrogen which is liberated as a result of the
solution of the zinc. '

The use of preparations of high purity, and also the
utilization of cellophane as an interelectrode separation
impermeable for large collcidal ions of silver and assuring
the necessary ionic conductivity, made it possible to in-
crease substantially the shelf life of the alkaline silver-
zinc cells and, on this basis, to develop storage batteries
having indexes of specific energy and power three to five
times as great as of the existing lead-acld and alkaline cad-
mium-and iron-nichel storage batteries (Fig. 3). ‘

' The high indexes of the silver-zinc storage batterles
with respect to the specific energy were attained not onl
through the utillzation of the electrochemical process (lX

Ago0+Hp0+Zn —> 2Ag+Zn(OH), +2F (1)

which gives a great energy effect per unlit weight and volume
of reacting substances, but also through the successful de-
sign of the storage batteries, which makes possible the
rational utilization of its volume. In this storage battery,
the electrodes of zinc and silver oxlde, separated by a layer
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* Fig. 3. Battery 6-volt of
Lete lead-acid (1) end
RERTER I . silver-zine (2) .
A E - storage batterles
of the same capac~
S _ifance.
"of cellophan y are pacmed densely in a plastic vessel. ©
© It is Interesting that in the given electro-
chemlical process (1), the alkali 1s not consumed. This
mekes 1t possible to reduce the volume of the electro-
lyte in’the storage battery to a minimum which is de- .
termined by the néed to separate the electrodes with
a medium of an ionic conductivity and by the require-
mént of water for the reaction (1). 'This adventage,
g8 distinet from the acid storage batteries, is poss-
.essed by all electrochemical systems of rlkaline ° '
“storage batterles. Thus, for example, the operation
_of a lead-acid storage battery in accordance with the
eouatioq (2) | :

fDO""*éH,.SO '+Pb — 2PbSO +2H 0 +9F - (2):
4 4 2

requires sulfuric acid the concentration of which
“should mot chéange within noticeable 1imits. The last
is attelned by a 1arge amount of electrolyte 1n the -
qtorage battery. - :

L Dense packinv of the electrodes in the vessel

- and the small volume of frees electrolyte mske it

L possible to assure comparatively simply the stability
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of the sllver-zinc storage battery against mechanical action,
non-leakage of the electrolyte, and efficlency at high
"altitudes. This makes the silver-zinc storage batterles
irreplaceable for eclectric feeding cf artificlal satellites
of the earth,portable television cameras, portable apparatus
for point welding, bathyspheres, and other objects for which
‘a small welght and small dimensions of the feed sources are
of primary significance.

’ ~ However, silver-zinc storage batterles also have
shortcomings which limit their use. The most substantial
of these is the short service life {in cycles) and the small
shelf life after the start of tho action, which is three to
four times less than that or lead~acic batterles and 10-15
times less than that of alkaline cadninm-and iron-nickel
storage batteries. The shelf life and service life of

. silver-zinc storage baiterles arc essentlally determined
" by the chemical ard mechanlcal stewrghth of the separation
film of cellophane; for thisg rsason, at present all efforts
are directed toward finding more stable materials.,
‘The progress attalned in the development of silver-
zinc storage batteries has, to a certain extent, stimilated
- work for the development of new storage batteries (alkaline,
silver-cadmium, silver-iron, silver-lead, and nickel-zinc)
as well as for the improvement of the exlsting types.
The above-enumerated new typss of storage batteries are
essentially still in the investigation ustage. As regards
thelr energy possibilities, they occupy an intermediate
place between the cadmium-~nickel and silver-zinc storage
batteries. However, with respect to other Indexes such as
the service 1life end shelf 1lfe, some of these, for example,
silver-cadmium, should excel the sllver-zinc storage
battéries. ' o ‘ : ' L ' :
. - Notilcesble progress has heen attalned in the improve-
ment of lead-acid, iron-nickel, and partlcularly cadmlum-
nickel storage batteries. These achliecvements were, 'in the
first place, related to the use of improved technology, the
utilization of new materials, including high polymers and
. plastics, activating and stabilizing additives to the
. electrodes and the electrolyte, as well as the development
" of new designs. o P o -
' The utilization in cadmium-nickel storage batterles
of foil electrodes made of fine metal foil which a layer of
electrochemically active substance made it possible to
increase substantlally the indexes of the power and effi-
ciency at low temperatures. DMoreover, leak.prcof and
small-size, air-tight, cadmium-nickel storage batteries
were developed which successfully replace dry cells and
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batteries in various 1nstallations, o

.- The liberation of hydroge:n and oxygen on the electrodes
during the chargling end storage in the charged state of .
alkaline cadmium-nickel storage batteries served as the basic
hindrance which it was possible to overcome in the development
of hermetically sealed storage batterles. This was attailned
by different me*thods--the use of valves which automatically
start to functicn at incressed pressure 1n the stdrage .
battery, the use cf zatalysts which facilltate the processes
of ionization of hydrogen and oxygen directly in the very
storage battery, etc. Hermetlcally scaled storage batteries
can be included in the 1rcuit of the devices which requilre
the current. They are particularly cocnvenient when used in
combination with solar battepies Thus, In the case of
portable racio recelvers developed on thls basis, the reserve
capacitance of thelr teﬂaing storage batteries 1s eupple--
mented from solax batteries. . '

-‘The shortcomiigs ci': hermetlcalily see!ea storage bat-
teries include their smell efilciercy at low temperatures.
Recently develcped hermetically sealed alkaline silver-lead
storage batteries have indexes of specific energy 1.5-2 times
greater than similar cadmium-nickel storage batteries and
are distinguished by stahility of the discharge voltage;
they are successfully replacing dry mercury oxlde cells.
Reserve or activated cells ard batteries. The at-

tempts to utllize chemical scurces of current electrochemical
systems which give a large energy effect has led to the
development of reserve or activated cells and batteries
‘which are activated during or not long before use. Theilr
activation is accomplished by the Introduction of electro-
.lyte or water; in other types, this is accomplished by .
feeding 1liquid or gaseous actlve sihatances to the electrodes.
The principles forming the basls of the design of such cells
cannot be consilered new because even in the last century
battéries were used with electrodes immersed in the electro-
lyte before use.

... The most widely used of the reserve cells end. batteries
are the water-activated silver-magnesium and copper—magnesium
one based on the electrochemical systems:

i ; Agc1! p--p MgClo|Mg{ --g
CuCl p--p NgClg,Mg?—-
Such batte%ies in the inactive state can be kept for
a long time in alr-tight packages. In the activated state
they have a small shelf life and, for thls reason, should be
used within one to two days. Thelr activation is accomplished
by lmmersion for a short time (5-10 minutes) 1n water
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(potable, sea, etc.). In the {irst mement after inclusion of
the load, the voltage of the cells of the battery, as a re-
sult of the low conductivity cf the electroiyte, is less than
normal, but after a certaln tinme, with the accumulation in
the electrolyte of the prcduct of the electrnchemical reaction
--MgCl2, the internal resistance of the cells falls and the
voltage incpreases to a value of 1.3-1.4 volts depending on the
load (Fig. %).

Magnesium cells and batterles excel the manganese-zinc
cells with respect to the speclfic pover. They heat up
noticeably during operation; for this reason, thels electrical
characteristics do not practlicaliy chainge with the changing
temperature of the surroundlig wmeiiuwn, particularly if
measures have been taken for the therrm:l insulation of the
cells. “he magnesium cells and batisries are used for
feeding the apparatus of sounding bulloons, signal devlces,
and other purposes, o

Higher indexesz of specific pursy and energy are ex-
hiblted by cells and batteries with a cathode of lead diloxide
and anodes of cadaium, zinc or lead ectlvated by solutions
of acids: sulfuric {for Cd and Za anodec), hydrochloric,
hydrofluoroboic or fluosilicic acid [for Pb anode). Such
batteries have a smallsr shelf 1life when activated, but, on
the other hand, they develop a greater power (up to 0.6
kilowatt/kilogram). The best characteristics, particularly
at low temperatures (down to -60°), are shown by batteries
with hydrochloric, fluosilicic and hydrofiuoroboric acids,
which is explained by the good solubliity of the products of
the electrode reactions in these acias. ’

An example of cells vhich are actlvated by feeding
oxldizers or reducing agents to the cathode or anode are
the chlorine and sodium cells. In the chlorine cell, the
activation takes place by feeding gaszlous chiorine from a
cylinder to the carbon cathode. In the sodium cell, tablets
of sodium amalgam are periocdically fed 1Into the electrolyte
end are used as the anode material.

Cells have also been proposed which are activated by
heat. As an example, we can point to the cell with a cathode
of manganese dloxlde, and anode of magnesium, and an electro-
lyte of solld anhydrous caustlc soda. In the lnactivated
state, the cell has a long shelf life and can operate on very
small currents just as all the other cslls with solid electro-
lytes. However, after its actlvation by heatling to the
melting point of the eiectrolyte {320°), the cell can operate
at comparatively large loads (3 milliamperes/square centimeter
of anode surface) ard a voltage of 1.3 volts.,

Cells of continuous action. Fuel cells. At the
present time, conslderable interest 1s being exhibited toward

..59..




A S Sy S AR N

. Filg. 4. Curve of voltage--tinme of the dis-
' - ¢cherge of‘a ccpper-magnesium cell.

elemente of continuous sction, durlag the operstion of
vhich the electrochemlically actlve substances or the
“electrolyte are fed continuously into the reactlon zone. :
The advantages of these cells ere in the small polerlzstion
of the electrodes, high efficlency, long service life, eand.
other characteristics which 1t possible to employ electro~
chemlicel systems in those places whers the utilizatlion of
ordinary cells is difficult. As an example of this 1s

the alreedy mentioned chlorine or sodlum and elso. gaseous
hydrogen-oxygen cells. : _ S '

.. The development of gaseous hydrogen-oxygen cells
should be regarded as the first step in thé solutlon of the
problem of a fuel cell in which the chemicel energy of the
combustion of the fuel is converted directly into electricel
energy. Recently, interest in this problem which vas ad-
vanced as far back as the Seventles of the previous century

by P. N. Ysblochkov has increased noticeably. L
.. .. At the present time, twc types of hydrogen-oxygen
cells sre close to practicsi realizetion. In the Bacon cell
the electrochemical process ' : : : ‘

2H, *0y ——P» 2Ho0+4F V | (3)
proceeds at a high pressure (50 stmospheres) and & tempera-
.ture.of 200° on the boundary between the porous nickel
_ "electrodes and the alkeline electrolyte. Rather hlgh cur-
pent densities (0.6 emperes/square centimeter) can take place
in this cell; however, its design and operation are rather
complex. o ‘ ' S
" mhe hydrogen-oxygen cell, which operates at a low
pressure (1-2 atmospheres) and s temperature below 100°,
deserves great attention. The electrodes in this cell are
1inade of carbon,'activated‘platinum, or other metals. TheJ
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hydrogen but also other combustible gases (CS, hydrocarbons,
etc.), are of interest.

Problems and prospects. +<1he above presentatlon shows
that during the last 10-15 years in the development of
electrochemlcal sources of current noticeable progress has
been attained on the use of new electrochemical systems. An
illustration of this 1s the comparison of the indexes of
speciflc energy and power of manganese-zlnc batteries,
alkaline cadmlium-nickel, and lead-acid stcorage batteries with
the indexes of the new sources of curreut (Fig. 5). The
existing electrochemlical sources of current far from completely
satlsfy in & satisgfactory manner the continuously growing re-
quirements irposed upon thew. F¥or tiils reason, one of the
most important problems in ithis field vas and remains the
problem of ‘the maximum increase of the technical indexes
of exlsting and the developmert of uew c=lls with higher
indexes of specific energy and prwer, service life, and shelf
life, efficiency withln wide limits o7 tcuperatures.

At the present time, it iz possiblie to formulate more
concrete problems, the solution of which wculd be of great
significance for the natlional exonomy. First of all, 1t 1s
necessary to create a storage battery which would have high
indexes of service lifs and shelf life, the production of
which would not require critical and nonferrous metals. The
solution of such a problem would make 1t possible to utllize
on a greater scale the energy of winds, sclar radlation, ete.
for the electrification of the country and also to improve
substantially the atmosphere of large citles by replacing in
automoblles the internal combustion engines with englnes
which operate on storage batteries.

The second, no less important, problem 1s the develop-
ment of a reliably operating fuci rell; in the first place,

a gaseous cell, which would meke i1t poscsible to utilize more
fully the energy of the fuel in pavticular, the energy of
natural gases. The solution of the indicated problems will
require the expendliture of large efforts to overcome the
difficulties of & sclentific as well as of a technical nature.
It can be found on the basis of a wider utilization of sclen-
tific accomplishments of theoretical and applled electro-
chemistry as well as of related branches of sclence.
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10. Miniature Incandescent Lamps for 110-230 Volts

/Following is e translation of an unsigned art-
Icle in Svetotekhnika (Lighting Englieerin ), No.
3, March 1960, page 32; CSO: 2900-1i/1l (34%_._7

Miniature, low-power speclal incandescent lamps for
110-230 volts are intended for local illiuminatlon, light
signals, illuminaticn of instrwrent scales, and other
purposes.

The lamps have considsrably sualler over-all dimenslons
than incandescent lamps of the same power of general use. In
the case of some lamps, the decrease in the dimensions 1is Ob=-
tained through a reductlon of the life, and 1n the case of
others, through a reductlon iz the ligh* emission.

The incandescent hody of the lawps is in the form of
a wolfram spiral mounted on molyhlenus holders. The shells
of the lamps heve a cylindrical spherical, or conlcal form.
In the case of 3Ts-10 lamps, the shell has an outslide matte
surface. All the lamps are being produced ﬁith a_vacuum,
the gas rarefication in the shell being 107 --10"5 mi11i-
meters of mercury.

For connecting to the electrical network, the lamps
are equipped with a threaded or vrecng base in accordance with
GOST 2520-51. It 1s permitted to replace the threaded R14
bases by the 1Shl5 and 23hl5 prong bases. In case of such a
substitution, the complete length of the lamp is reduced by
gix millimeters. It is also permitted to replace the R27
threaded bases for the 25h22 prong bases. In case of such a
substitution, the complete length of the lamp is reduced by
three millimeters.

The type 5Gi3 and SGilt lamps are equipped wilth the
2F-DZ0 focusing disk base in eccordance with GOST 6129-52.
The incandescent body of these lamps has a wldth not more
than 12 millimeters, a thickness notoer four millimeters,
and a helight not over 14 millimeters. The use of a focusing
base and the observance of accurate dimensions of the in-
candescent body makes it possible without regulation (in the
illuminating device) to combine the light center of the lamp
with the focus of the optical systam. All the lamps can
operate in any position. The design of the laumps makes it
possible to operate them under conditions of vibration with
an acceleration up to 2.5 g.
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$TS21 110 8 52 6.5 300 37 26 59
8T8y 110 15 76 5.0 300 54 33 56
'$TS-19 120 13 V' E 6,5 66 0 20 60
T8«16 120 25 125 5.0 364 G 43 75
315.89 127 & 36 .5 1 000 27 26 59
STS=36 127 10 58 5.8 GOG 45 33 59
STS-31 127 5 1035 7.0 400 74 33 59
ST8e15 230G 1 15 Q5 6.3 | 500 68 43 75
TEe3 110 15 105 7.0 1 000 76 20 86
TS« L0 110 15 105 7.0 1 Gao 76 k1 86
TS5-11 110 25 190 7.6 | 1 00O 139 25 86
TSads 110 25 190 7.6 1 040 13% 31 86
T8-12 127 13 105 7.0 000G 76 20 86
TS=13 127 115 105 7.G 1 G660 748 31 86
T5-14 127 25 190 7.6 1 Q00 139 25 86
T8a13 127 25 180 7.6 § 1 0GG - 139 31 86
TSalt 220 23 157 6.3 1000 113 25 86
T5-17 220 1 25 157 6.3 3 1000 113 31 86
S=31 127 ) 31 3,9 1 000 22 20 61
PShel 127 15 105 7.0 504 76 26 53
PShe2 220 115 80 5.3 504 54 26 53
83G=13 110 15 105 7.0 500 68 25 83
5G=14 110 | 25 194 70 3040 122 25 £3
RT22015% 220 16 50 5.0 1 000 36 25 86
RT230.25 | 230 25 100 6,0 500 108 25 86
L /Table continued on next page/
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43 IR14 0,90 | Tomek Electric Lamp Plant

30 {28hi22 .90 ¥ogcow Electric Lamp Plant
- 25h115 1,15 The same

51 14 1.30 The same

43 ]R14 G,90 The sane

- R27 1.00 The same

- R27 1.00 The pame

51 [R14 1.20 § The same

- R1l4 0.90 Tomsk Electric Lamp Plant
- R27 0,90 The same

- Ri4 0.95 The game

- R27 0.95 The sanme

- R1& 6.90 The same

- R27 0.90 The same

- Rl4 0,85 The szme

- R27 0,95 The same

- R14 1,05 | The same

- R27 1.05 The sarme

- R14 2,00 Moscow Eleciric Lamp Plant
- R1l4 2,00 Tomglk Electric Lamp Plant
- Rlé 2,00 The same

35 (2F.D30Q 2.00 Moscow Electric Lamp Plant
35 |2F-D30 2.00 The same

- R14 0.95 Tomsk Electric Lamp Plant
- Rl4 1.05 The same

- R14 1,05 The same
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