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Introduction

This is a serisl publication contalning
selected translations of articles on the machine
bullding industry in the Soviet Union. This re-
port contains translations on subjects listed in
tne table of contents below.
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_The Present Status and Future Trends in the
.Development of Methods for the Nondisruptive
Testing /Inspectlion/ of Materlals

/This is a trenslation of an artlcle written by
S. T. Nazarov, S. M. Rozhdestvenskly and D. S.
Shrayber in Zavodskaya Leboratoriya (Plant Labo=-
?iggi§)3 No.7, 1959, pages 771-778; CS0:2900-N/8

, The rple of the methods of nsndisruptive testing in
the Seven-Year Plan of the Develrpment of the Natlonal Eco-
nomy of the USSR in 1959-1965 is growing by leaps and bounds.
In the last few years these methmds have been broadly intro-
duced into industry and they are becrming an obllgatory, in-
separable link in the technologlcal process.

The most widely used inspection methods are those
based on the utilization of various types of penetrating
radiation (roentgen end gemma rays, ultrasonic vibrations),
magnetic and electric properties of materiasl, and the
phenomena of capillarity.

One of the pldest and most commonly used methods of
nAandisruptive inspection is the X-ray photographic method:
its principal advantage consists in the visibillty of the
results of inspectlon combined with a sufficient sensitiv-
ity for detecting the latent macroscopic flaws in the ex-
posed material. However, inspection by this method 1s low-
productive and expensive.

And inasmuch as the present-day industry is character-
1zed by an ever-increasing automation of production processes,
therefore the sbove-mentioned shoricomings make it necessary
to explore the ways and means of perfecting X-ray examination,
chiefly through improvements in X-ray equipment and the re-
placement of the photographic method by new flaw-recording
methods .

The /X-ray/ apperatuses finding the widest accept-
ance in industry are those of the RUP-1 and RUP-2 medlum-
voltage 200-kilovolt types, which are used in many plants for
inspecting parts of castings and weldments of steel as much
as 50 mm thick, and of the RUP-3 400-kilovolt type, which are
used for inspecting steel products up t» 100 mm thick and
heavy or light aslloys of an equlvalent thickness.

Less widely used are betatrons, which can be used for
inspecting castings or products of steel as much as 500 mm
thick. '




é 1t ghould be nnted that hitherto nur industry has been
underestimating the possibility of employing betatrons for
inspecting the joints executed by electro-slag welding on
steel products.

. An effective means of broadening the opportunities for
X~-ray exemination lies in the perfecting of the methods of
the recording of the radiation emitted during the exposure of
materials.

Of special interest to X-ray defectoscopy is the possi-
bility of utilizing the electron-optical converters (EOP)
which, in combination with television attachments, could en-
sure the modern automated industry with a high-grade and rapid
X-ray inspection. In this case, a beam of X-rays passes
through the product to be inspscted and fells on an BEOP where
1t causes the glowing of the first screen, wihlch releasesz
electrons from the photocathode attached to that screen. At
every point of the photocathode the number of electrons liber-
ated during a time unit is proportional to the lumincsity of
the corresponding point on the screen and, consequently, to
the intensity of the X-ray beam.

Thus, a beam of X-rays of varying ilntensity 1s con-
verted to a beam of electron rays with an analogous density
distribution over the cross section of the beam. The liber-
ated electrons of the photocathode are accelerated by the
high voltage impressed to the anode and collide with the
second fluorescent observation screen, thus causing 1t to glow
brightly. The imege thus obtained is smeller than the image
on the first fluorescent screen, but its brightness 1s more
than 1,000 times as high. The image on the screen is viewed
through an optical system providing an approximately ninefnld
megnification without any appreclable light losses.

From the screen of the EOP the image can, by means of
the devices applled in television englineering, be transmitted
over a considerable distance, which makes it possible to as-
sure relieble protectlcn from the harmful effect of X-radiation.

At inspections employing an EOP the sensitivity in de-
tecting flaws in aiuminum up to 20 mm thizk and in steel up to
10 mm thick is close tc the sensitivity of an X-ray photo-
graph. The inspection of welded seams o aluminum up to five
mn thick can be conducted at the speed of five meters a mi-
nute. Thus, the next task of X-ray defectoscopy is to intro-
duce this method in industry.

An interesting improvement on X-ray photographic
inspection is the utllization of the photocondustive pro-
perties of transistors for obtalnlng an electron-diffraction
image of an object at X-ray inspections by means of xewro-
graphy. The physlcal nature of this method consists in that
the X-rays passed through the product to be Inspected act
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upon a charged semiconductor coating on a plate and form a
latent electrostatic imege. The latter mernifests ltself
throygh some electrified powder which provides a visible
image of the irregularities in the exposed produst. The
employment of xerography in lleu of the photograpiilec method
of X-yay inspection simplifies the techniques of inspection
and cuts 1its costs.

. The valuable qualities of radloactive isotopes servirg
as sourzed bf gamme and beta radiation {portability arnd sim-
plicity Of apparatus design, simplicity of exposure tech-
niques; feasibility of exposure in plant shop and under field
~ conditions in the absence of sources of electrical ensrgy)
meke it possible to utilize them in many cases for industrial
defectoscopy, despite thelr major shortcomings.

The greatest use in defectoscopy was found for cobalt-
60, iridium-192, europilum-152--154%, selenium-75, and thuilum-
170. For industrial defectoscopy & valuable gemma emitter
can only be an isctope which has sufflclent radlant energy
and sufficient dimensions of focal spot to ensure meximal
sensitivity to the detection of flaws in a glven material of
a given thlckness. Inasmuch as a universal source of gamma
rays sultable for inspecting varicus materlals of various
thickness cennot exist, therefore in industry 1t 1s neces-
sary to use isotopes wilth various radlans snergles. Unfortu-
nately, for a host of reasons, this 1s not done and the
valuabie method of gamma-defectoscopy cften unjustifiably
disappoints the workers of industry.

For exposure of steel products of various thlckness
(over 50 mm) it is possible to use cobalt-60, and for the
products 10 to 60 mm thick -- iridium-192 and eurcplum-152 --
154, As for the steel products less than 10 mm thick and
the products of light alloys as well, it is necessary to em-
ploy isotopes with a very soft gamma radlation, e. g.,
thulium-170 and europium-155.

The 1sotopes with a rediant energy suitable (in terms
of sensitivity) for a gilven material but endowed with a short
half-decay period invelve difficulties in opsratlion because
of the necessity of frequent replacement of the preparation
and rapid increment in exposure time as a result of the de-

cline ir activity of the preparation.
The long duration of exposure time when using prepa-

rations with a low activity strongly reduces the productivi-
ty of exposure; on the other hand, the augmentation of the
activity of a preparation harms the quallty of the exposures,
because it results in increasing the radiating surface of the
sourcs and, moreover, it intensifies the harmful effect of
gemma rays on the tending personnel.

The above shortcomings of gamma defectescopy are of
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major importance in mess inspection under industrial-plant
conditions and of lesser lmportance in sampling inspection,
especilally under fleld conditions. '

An increase in. the productivity of the method of gamma
defectoscopy 1s feasible only upon transition from the photo-
graphic method of flaw resording to the lonic method. One
shortcoming of théﬂigtter method compared with the photo-
graphic one is low sensitivity of flaw detectlon and the im-
possibility of ascertaining the nature of the flaws in the
inspected object. '

Improved methods based on the utillzation of ionic

. gemma defectoscopy with diverse varlants of counters, from
gas-discharge to scintilletion ones, are as yet in the stage
of laboratory development.,

Practice shows that the most copvenlent type of gamma
apparatuses for industrial inspection (qualilty control) are
porteble installations with low-activity preparationa._ At
present the "Mosrentgen" /ioscow X-Ray Equipment Plant/,
which produces installations for gamma exposure, has com-
menced the production of portable gemma Installations.

In broad use are the methods of nondisruptlve inspec-
tion based on the utilizetion of the characteristles of tae
processes occurring in the examined metal prcducts subjected
to the sction of electric or magnetic fields.

One such method that has gained widespread acceptance
is the magnetic powder method, which makes it possibie to
detect flaws (defects in compactness) in the surface lajyer
of the material of a product and to aszess the nature and
dimensions of these flaws with a falrly sufficlent accuracy.

The modern magnetic flaw finders are adapted for the
meximal mechanization of all processes involved in the con-
duct of the inspection (magnetizatilon, pouring of suspensions,
demagnetization). The multiplicity of the problems posed by
practise requires the development of flaw finders with a
meximelly universal renge of applicatlions. At the same time,
however, 1t 1s in many cases also expedient to employ special-
purpose flaw finders. The modern flaw finders (especially
the generai~purpose ones) are, as a ruile, for the purpose of
an lmproved detection of flaws, equipped with two magnet-
izing attachments -- one for magnetizing the inspected prod-
uet clrcularly, and the other, for magnetizing it longitudli-
nally. In the cases in which the appearance of variously
orlented flaws i1s to be expected, it 1s best to employ the
combined magnetization which makes it possible to magnetlize

the inspected products in continually varying direction.
A very important trend in the development of flaw

inspection techniques has been the devising of the methods of
the eiectron-lon guildance of flaw finders, the introductlon
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of Which_eliminapééfﬁhe ﬁézafd of drop-ocuts in the magnetl-
zation of the lngpected products, because in thls case the
disconnection of ‘the alte¥nating, magnetizing current occurs

during a rigoroﬁqlg‘definite and optimal phase. The method
of electron-ion guidance makes 1t possible to simplify con-
siderebly and to gut the costs of the flaw finders and of the
actual process of ‘inspection, including the magnetization of
products as well. :
_ Year by yeer the dimensions of the inspected products
increase, and this: involves increasing difflculties in thelr
magnetization and,’especilally, demagnetization. Obviously,
1t is not expedient to continue along the path of a further
augmentation of the power ratings of the feeding trans-
formers of flaw finders, and thls problem can bte resclved by
devising pulsed flaw finders based on the slow accunmulation
of energy from the network end rapld dlscharge of the accu-
mulating cell through the inspected product. The methcd of
pulsed magnetization has been successfully incorporated in
o domestically manufactured flaw finder of the capacltor type.
£n important problem is the designing of a complex
whole of industrial instruments for investigating the mag-
netic flelds orn the surface of inspected products, because
the analytic calculation of these flelds according to the
availeble approximate formulas does not yleld the needed
results in & number of important practical cases.

In recent years there have appeared new methods of
detecting the magnetic fields of scatter, flelds whlch form
around the sites of fiaws in products, e. g., by means of
searchers of a design analogous to that of a magnetic-re-
corder head. In the process of inspectlon, the searcher
moves over the surface of the prcduct and, when 1t passes
over a flaw, it generates an e.m.f. pulse in its winding;
this pulse is conveyed, after appropriate amplification, to
the indicator device. In a number of cases it 1s more ex-
pedient to investigate the distributlion of magnetic flelds
around & product part by the magnetographic method by means
of & recorder tape impressed onto the surface of the product
during the inspection. In the sites of concentration of mag-
netic lines of force the tape becomes magnetized more strongly,
gs is revealed by subsequent decoding of the magnetograph
obtained on the tape. The decoding 1s conducted by means of
s magnetic-recorder head moving relative to the tape. This
method is successfuily utilized in the USSR for the in-
spection of the welding of the tubes of ges and petroleum
pipeiines and, apparently, 1t can also be utilized in the
machine bullding industry.

An essential influence on the development of electro-
magretic flaw inspection has been exerted by the appearance
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of the ferro-soinding methods of detection and measurement of
small maghetic field or their gradients. These methods can
be succeBSfully htilized in designing automatic flaw finders,
because of the high sensitivity and the feaasibility of de-
vising tiiniaturlized sensors. It 1s to be emphasized that the
sedimentétion of powder particles requires as an indispensa-
ble prerequisite the presence in the region of the flaw of a
sufficiently high magnetlc-field gradient, which can be
created only by surface flaws. At the same time, the pres-
ence of & mdgnetic fleld of scatter independent on the magni-
tude of the-’gradient of that fleld 1s a prerequisite for de-
tecting flaws by means of magnetographic, ferro-scunding and
other similar methods, and this makes it possible to utilize
these methods also for detecting fiaws located at depths of
as great sz 20-30 mm below the surface. FPerro-sounding
methods are also successfully used in meny other fields of
defectoscopy -- for 1lnspecting the thickness of nonferrc-
magnetic sheet materlals, inspecting hollow steel products,
detecting ferromagnetic impurities in alloys, grading the
products contalning ferromagnetic impurities, etc.

0f great importence are the so-called structuroscopic
methods, based on the measurement of electrical, magnetic,
thermoelectric, and cther physical characteristics. In the
cases in which a sufficiently unambigusus relatlonship
exists hetween the lnspected structural-mechanical property
and the measured physicai characteristic, the expensive
sampling inspections of mechanical properties can be suc-
cessfully supplented by the simpler, more rapid and non-
damaging measurements of physical properties. The coercl-
metric Instruments based on the use of the ferro-sounding
method which mekes it possible to automate the process of
measurement have proved thelr worth.

In addition to coercimeters, industrial control prac-
tice broadly utilizes the instruments whose readings are
proportional to remanent induction, magnetic permeablilty,
magretic saturatlion, etc. The development of these instru-
ments is characterized by the trend for the maximel simpii-
fication, acceleration, and automation of the process of the
flaw inspectlon of products.

An important place in mcdern flaw inspectlon is
occupied by the electroinductive (or "eddy current”) method,
which is based on exciting eddy currents in the Inspected
section and measuring the back actlon of these currents on
the exciting (or specilal measuring) coil. The electro-
inductive method is widely employed in practice, because it
hes been well 1lnvestigated theoretlcally and experimentally.
It i3 belng successfully developed in the USSR.

This eddy current method has been used as the basls
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for devising instruments for the contactless measurement of
electric conductivity of materials, and for the detsction of
surface' flaws 1in‘parts of ronmagnetic alloys, for the
measurement of the thickness of nonelectroconductive coat-
ings on nonmagnetic metals, and ths like.

- The éledtroinductive method iIs also utllized for
structuroscopic-purposes, for grading metals according to

‘quality, detecting Intercrystallitic corresion, etc. This

method 15 8lso 6f ‘great importance ot the practice of ex-
perimentat eientific research. Of great Importance likewise
is the circumstance that electroinductive instruments are
easy to automate: a% present we already know of models of
gutomatic electroinductive flaw finders being used for in-
specting the quellty of small mass-produced parts and semi-
finished products.

Meny important problems of flaw inspectlon are belng
successfully resolved by means of the conventional “contact”
method of measuring electric conductivity. This method will,
in combination with the achievements of modern electronics,
meke 1t pcssible to carry out the automated inspection of
the lamination of sheet materials, to verify the quality of
the soldering, etc.

in the past few years considerable progress has been
made in the iuminescent and color methods of flaw inspectlon,
based on the phenomenon of the capillary penetration of
strongly wetting fluids into cracks, pores and other flaws
in the continuity of the surface of inspected products.

The luminescent method employs a fluld capable of glowing
when exposed to ultraviolet light, and the color method --
an aniline dyestuff (sudan).

In the process of inspection the fluld penetrating
into the flaws 1s extracted from the cavities of the flaws
by means of the developing layer (fine-dlsperse powder 1in the
luminescent method or a white pigment in the color method)
supeimposed onto the surface of the product, and 1t wets the
contiguous particles of the developing layer. In this con-
nection, inasmuch as the width of the area impregnated with
the fluld is meny times greater than the width of the "Gis-
covery" of the flaw, the previously invisible flaw beccmes
clearly visibie to the neked eye {during ultraviolet light-
ing of the inspected part -~ in the luminescent method, or
on the background of the white pigment and at natural
lighting -- 1n the colcr methodg.

The sensitivity of both methods is approximately
identical and it can be assessed according to the width of
the revealed cracks -- from 0.002 mm, and according to thelr
depth -- from 0.05 mm. One essential advantage of this
method is its applicebility to not only metal but also non-
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metal materials. .

The ultragonic methods of inspection begen to be de-
veloped much latsr then the X-ray and magnetlc ones, but at
present they have already been greatly advanced. There exist
five methods of inspectlon based on elastic vibrations with-
in a broad frequéncy range of from 50 cycles to 25 mega-
¢ycles: thrdge ultrédsonlc -- the shadow, resonance and echo
methods; &pd two acoustic -- the reaction and free vibration
methods. These methods utilize four types of elastlc vi-
brations -- longitudinel, shear, surface, and normal --
emitted continuously in the form of short pulses. The vi-
brations can be introduced into the inspected preduct by
means of the dry-contact, contact-and-lubrication and im-
mersion methods.

Such a large number of varlables offers broad proz-
pects for thelr varilous intercombinations and causes ultrea-
sonlc flaw inspection to be one of the most universal methods
of flaw inspection. The gamut of products and materials
permitting ilnspection by the methods of ultrasonic defecto-
scopy and the roster of flaws which they reveal are very
lorng. The products executed of magnetic and nonmagnetic,
metsl and nommetal (rubber, plastics, plywood) materlals and
their various combinations reveal, when inspected by ultra-
sonic methods, both depth and surfasce flaws, whether of
three~dimensional, planar, linear or single-point nature,
flaws which are constituted by breakdowns in continuity,
inhomogeneity of grain or structure, zones of damage by
intercrystallitic corrosion, ilmperfections indiffusive co-
hesion, cementing, soldering, i.e., any violation of the
continuity of the acoustic characteristics of the inspected
material. Specilal emphasis should be placed on the fezslibil-
ity of a very accurate measurement of the geometric dimensioms
of products ar cne-way access.

The vital problems of the development of ultrasonic
defectoscopy consist in raising lts effilclency, reliablllity
and objectivity. These problems can be resolved only on the
basis of automation of the inspectlon of monotype products
by specialized installations.

Automation 1s easiest to introduce when operating with
the shadow method. Speclalized installatlons have been de-
signed for inspecting sclid shafts and cylinders, thic-
walled tubes, bearing sleeves, laminated disks, cable~sheath
seams, fine metal sheets, rubber balloons, etc, New pros-
pects were unlocked for the shadow method in connection with
the utilization of normal waves, which make possible & highly
produstive inspection of thin-walled sheets, thin-walled
welded tubes, seamless laminated tubes and rods at one-way
access. The employment of the shadow method is greatly
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hampered by the absence of seriasl production of the necessary
equipment.q =

. The resonance method 1s successfully used for, mostly,
measurifig the thlckness of tube walls, closed reservolrs,
ete. However, the equipment merufactured for this purpose

hasd hécqmeggpsolete to & major extent and 1t requires ma jor
modepynizetion or replacement. Of great importance 1is the
incorporation, in the new equipment, of systems for direct
indicatlon 6f thickness, developed in the USSR, which make 1t
possible to accelerate and automate the measurements.

Thé echo method has found broad epplication in indus-
try for inspecting the most variegated products, which has
to & major extent been assisted by the supplylng (inadequate
as 1t may be) of plents with echo flaw finders of various
types. Principal products of the machine building industyry
and transport, and large speclal-purpose parts, including
welded ones, are successfully inspected by the echo method.

However, the development of inspection by this method
is braked by essentlal restrictlons inherent in it when the
contact-with-1ubrication procedure 1s employed. This per-
tains primarily to the need for a high degree of purity of
machining of the surface of the inspected product, a con-
siderable "dead zone" in which fiaws are not detectible, the
impossibility of inspecting the products having a complex
form, the need for a tight contact between the searching head
and the surface of the product which leads to rapld wear of
that head and complicates the automation of the inspection.
In the past few years 1t has become possible to overcome
these restrictions partlally. Thus, the employment of sur-
face waves has made possible the inspectlion of products
having & very complex form for the presence of surface waves;
the devising of searching heads with beryllium guards has
made it possible to solve the problem of the wear reslstance
of these heads in the USSR; the use of polarized shear vi-
brations has made it pesszible to increase sensitivity of the
inspection of products of matericls with a high level of the
automation of the inspection have also been developed and
successfully tested.

However, many more opportunitles are provided by the
transition to the immersion procedure, which makes possible
an easier automation. But in the USSR this procedure has not
as yet been adequately mestered. In this case, naturally,
the problem of the wear of searching heads is no longer im-
portant and, what 1s most important -- the transparency of
the surface of the introduction of vibrations increases
drastically. The requirements as to the purity of machining
of the surface of a product can then be lowered by approxi-
mately three classes, or the degree of the purity of
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machining of the surface of a product can then be lowered by
approximately three classes, or the degree of the purlty of
machining oan be kept the same, but the effectively lntro-
duced viprations can be of a much higher frequency. This

last bircumstance makes it possible to increese the sensi-
tivity, of the method and to reduce the size of the "dead"
2Zone, becsuse it 1s determined by the duratlon of the sounding
pulse, which at a high frequency can be curtalled mores easlily
than at a . low frequency.

The'development of the immersion procedure abroad has
proceeded ‘glong the path of increasing the frequency of
ultrasonic vibrations (to 25 megacycles). Nonethesless, slde
by side with 1its advantages, this increasing of frequency has
also its major disadvantages. The sensitlvity of the pro-
cedure incpreases so greatly that at a 25-megacycle frequency
1t 1s possible to detect irregularities with a dlameter of
the order o¢f 0.12 mm in steel or aluminum-alloy products.
However, such a sensitivity 1s usually not needed for in-
dustrial flew inspection, and besldes, in practice, 1its
attainment is hardly feasible, because 1t involves a steep
rise in the level of structural noise, which requlres an arti-
ficial reduction of sensitivity. Moreover, the damping of
ultresonic vibrations will then increase tremendously, and as
a result it will not be possible to inspect products wilth
large cross-sectional areas,

In the USSR the mastering of the lmmerslon procedure
has been proceeding along a distinctly more rational path,
bassed on the use of low frequencies of the order of 0.5 to 5.0
megacycles, which ensure totally the sensitivity needed under:
industrial conditions. The "dead" zone decreases sub-
stantially because of the use of extremely short pulses pro-
duced by a special generator utilizing the principle of the
compensation of vibrations and designed for an easy adjust-
ment of pulse duration within a broad range of intervals.
Moreover, provision is aiso made for the compensation of the
pulse reflected from the front face of the inspected product,
so that, as a result, the "dead" zone can in principle be
completely eliminated. Laboratory tests of a device designed
on the basis of the above representations have ylelded excel-
lent results. There exist foundations for assuming that the
contact procedure for applying the echo method can be per-
fected in an analogous manner.

At present the most concrete problem is the designing
of the models, and organization of serilal production, of
general-purpose echo flaw finders operating in the Immersion
and contact versions and displaying high technical charac-
teristics (in particular, minimally smell "dead" zone) and
making it possible to carry out the automatlic inspection of
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monotype productg and then to obtain an objective document --
& recording of ‘the readings of the flaw finder. It can be
stated that it ‘is ‘éxpedlent to use such flaw finders as re-
placements for the ‘currently used instruments of the obsolete
types. This will make it possible to resolve more success-
fully and rapidly the complex problems involved in improving
the quality of 'production.
} vtic methods of reaction and free vibrations
nbve but recenx}y emerged from the stage of laboratory
' haye: convineingly proved their worth in industry
by meking it pqasible to resolve a number of difficult prob-
lems which could”not be fully resolved by ultraconic methods.
The most important task which affects the degree of utill
zatlon of these easily automatable methods is the desiguing
of high-quality instruments and the organization of their
serial production,

Thus, notable progress can be seen ln the development
of flawinspection during the last few years. There appeared
many new and original methods and devices meking 1t posslble
not only to detect flaws but also to assess their slze ard
nature.,

At the same time, these new methods of inspectlon as
a rule merely complement the old methods without supplanting
them. It 1s hard to cite any method of inspection that may
no longer be a concrete one at present.

Experience shows that the workers engaged in flaw in-
spection should be provided with instruments and lnstallia-
tions based on the most variegated physical methods of in-
spection, in which connectlion, the variety and quality of
these instruments and installations should lncrease and
improve from year to year.

While at first the defectoscoplsts were expected only
to ensure the necessary sensitivity of inspection, now they
are also expected to ensure & high productivity of inspection,
mechanization, and automation, The present-day stage of the
development of flaw inspection is characterized by the tran-
sition from cottage-industry development and construction of
isolated models of defectoscoplc apparatuses to the central-
ized development and serial manufacture of such apperatuses
in specialized instrument bullding enterprises. This
transition should be carried out within the shortest pos-
sible period, because the further development of fliaw in-
spection hinges on 1t.
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2. Measures and Messhring Instruments Approved by

thé Committee, on the Basis of State Testing,
T wr for Use in the USSR

(As:RéééﬁdEd for September-October 1959)

/Thls is a translation of en article in

Izmeritel'naya Tekhnika (Measurement En-

%1neer1ng), No.1l1l, November 1959, pages
7-68; €50:2900-N/8(11) 7

An installation for determining the magnetic charac-
teristics of thin-sheet electrotechnical steel, with plant
symbol U578, Klevskiy Sevnarkhoz.

"Prokhodnyye" current trensformers with precast in-
sulation, with plant symbnl TPL-10, Sverdlovskiy Sovnarkhoz.

An instrument for measuring the interelectrode ca-
pacitance of radio tubes, with plant symbol "pIMEL, "
Belorusskly Sovnarkhoz.

Class II standard duplex saturated cells, L'vovskly
Sovnaprkhoz.

Devices for measuring high d-c intensities, with
plant symbnl I505 Kievskiy Sovnarkhaz.

Rectification-system devices for telemetering tle
intensity of alternating current according to call, con-
sisting of a KT-1 correcting transformer, a VU-1b rectifying
device, and a TM-A2 or PMDG receiving device, Lenlingradskiy
Sovnarkhoz.

Induction-rectification-system devices for tele-
metering steam pressure, censisting of & man meter with &
MPI-1 induction converter, a SN-1 or NE-120-U.l1 voltage
stabllizer, a VU-la rectifyling device, and a TM-A2 or PMDG-1

receiving device, Leningradskly Sovnarkhoz.
Rectificaﬁion-system devices for telemetering the in-

tensity »f alternating current, consisting of VPT-la rectl-
fying voltage cenverter and a TM-A2 or PMDG-1 recelving de-
vice, Leningradskly Sovnarkhoz.

Induction-rectification-sysiem devices for tele-
- metering the intensity of three-phase current, conslsting of
a VAPI-2 wattmeter converter, a TM-A2 or PDMG recelving de-
vice, a VU-1la rectifying device, and a SN-1 voltage stabi-
lizer, Leningradskly Sovnarkhoz. :

A medical roentgennmeter for measuring the doses of
X- and gamma-radiation, with plant symbol RM-1M, Belcrusskly
Sovrarkhoz.

Portable multi-range d-¢ microamperemillivoltmeter
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recorders with plant symbol N-373, Krasnodarskly Sovnarkhoz.

D-¢ bridge installation, with plant symbol U-303,
Krasnodarskly’Sovtiarkhoz.

. Protable avometers, with plant symbol PR-5, Ministry
of Commuriscations USSR.

Calibrated portable shunts, with plant symbol R81/5-9,
Leningradskly Sovnarkhoz.

Attachment to the horizontal optimeter -- horizontal
centers, with plant symbpl PP-3, Leningradskly Sovnarkhoz.

Automatic saccharimeters, with plant symbol SA-2,
Kievskiy Sovnarkhnz.

Secondary midget pneumatic indicating instrument, with
plant symbol 1MP-30A, for measuring a single variable, Moscow
City Sovnarkhoz.

Secondary midget pneumatic indicating instrument, with
plant symbol 2MP-30V, for measuring & single variable and for
indicating the magnitude of setting and pressure on the actu-
ating mechanism, Moscow City Sovnarkhoz.

Secondary midget pneumatic recording instrument, with
plant symb»nl 1RL-29A, for recording & single variable Moscow
City Sovnarlkhoz.

Secondary midget pneumatic recording instrument, with

1ant symbol 2RL-29B, for recording itwo variables, Moscow
City Sovnarkhoz. '

Secondary midget pneumatic recording instrument, with
plant symbol 3RL-29V, for recording a single variable end for
indicating the magnitude of setting end pressure on the achu-
ating mechanism, Moscow City Sovnarkhoz.

An installation with a master piston-loaded discharge~1
menometer, with plant symbol UPM-6, fap calibrating piston-
loaded manometers for uvp to six kgs/cmg, lLatviyskly Sovnarkhoz.

Capacitor box, with plant symbol R513, Klevskily Sov-
narkhoz.

Portable welght scale, with plant symbol vPG-1(m),
Khart'kovskiy Sovnarkhoz. Unifiled with the previeusly approved
portable weight scale with plant symbol VPG-2(m) .
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3, Nev. Ingtruients for Determining the Composition
: of Matter

/This is a translatien of an article written by
I. M. Rubinshteyn end G. A. Simonyan in Priboro-
stroyeniye (Instrument Buildin%), No.10, October
1959, pages 26-30; CS0:2900-N/8(12).7

*
——

The SKBPSA (Independent Bureau for Designing Instru-
ments and Means of Automation) is developing new automatic
instruments and means of esutomation (pH-meters, photo-
colorimeters, nephelometers, smoke gauges, dust counters,
conductometers) for determining the recording and regulation
of acildity, alkalinity, salinity, end concentration of matter
in solutions and aerosols.

These instruments are designed for the control and
regulation of technological processes in the enterprises of
the chemical, light, papermaking, food, metallurgical and
other branches of industry, as well as in agriculture.

The following 1s a brief survey of the instruments
subject to mastering for serial production in 1959-1960.

Portauble PShP-58 Rod Type pH Meter

The PShP-58 type instrument (Fig. 1) is designed for
isolated control measurements of the active concentration of
hydrogen lons in technological aqueous solutions under in-
dustrial condltions.

The deslgn of this instrument, providing for en im-
mersible probe, makes it possible to conduct measurements
directly in the shop (vats, tanks, tubs, etc.).

The measurement is conducted by lmmersing into the
{nspected solution the lower part of the rod of the instru-
ment, to which the probe 1s attached.

Designwise the PShP-58 pH-meter consiats of three mailn
units: instrument head, carrying & M-24 microammeter graduated
in pH units and a measuring circuit, rod with removeble casing
containing supply batterles, and probe of pH value with pro-
tective casing and removable receptacle.

Principal Specifications of the PShP-58

Timits of measurement, in pH unlts 2-12

Timit of manual temperature compensation,in 9C  5-65
Error of measurement, in pH units:

Within the limits of 2 to 9 1

" n 1] 1} 9 " 12 2
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Fig. 1. Portable PShP-58
Rod Type pH Meter

The instrument 1is powered by dry cells.

The set of power supply sources consists of a 19-
PMGTs~0 type anode battery with an initial e.m.f, of 19
volts end & "Ssturn" 1-K8-U-3 type filament unlt with én
initisl e.m.f. of 1.6 volts. .

Dimensions of the instrument: helght (with
electrode) -- 485 mm; diemeter of immersed part of probe --
27 mm. The welght of the instrument does not exceed 1.5
ke

N The PShP-5% type pH meter's production is being
mnatered in the enterprises of the Georglan and Belo-
russian S3Rs.




Fig. 2. The PPP-58 Field Soil pH Meter.

Fig. 3. Complete Set of the PLP-58
Laboratory Soll pH Meter.




The PPP:58 Type Fleld Soil pH Meter

‘This instrument (Fig. 2) 1s designed for the conduct
of isolated measureménts of the active concentration of hydro-
gen ions in the saline extracts of soils.

‘The design of the PPP-58 pH meter makes 1t possible to
conduct measurements:both directly under fleld conditions and
uider laboratory conditions. ‘ ,

;I sddition tovits applications in varlous fields of
agridultypal engineering this instyument can elso be applied
i & numBér of other branches of the national économy in
vhich the determination of the a¢idity of soils is a must,

e: g+, in land reclemation, hydreulic engineering, geology
and hydrogeology. o o . .
‘ The instrument consists of two main units: (a) date
gic%upwith connecting ceble and joint; and (b) measuring
gvice. :
, The dbte pickip 1s constituted by a composite glass
electrode mounted in a plastic holder and connected to the
measuring circuit of the instrument by the connecting cabie
and joint.
The upper panel of the casing of the instrument holds
a micrometer with a dial graduated in pH units, a zero ad-
justment lever, & temperature eondensation lever, slottec
shafts from potentiometers (installed at the beginning and
end of the diasl), and a joint for comnecting the data pickup.
The instrument is powered by midget galvanlc batteries
installed in the casing of the instrument.
Thanks to the presence of manual temperature compen-
sation, the instrument's readings do not change with a
changing temperature of the probe.
A distinctive feature of the circuit is the possi-
' bility of correcting the mode of performance of the tubes
according to the changing battery voltage, which appreciably
prolongs thelr service life (until replacement),

|
- Principal Specifications of the PPP-58
|

Limits of measurement, in pH units 3-10
Error, in pH units +0.1
Limits of temperature compensation, in °C 1C0-30
Dimensions, in mm 200x210x105
Welght, in kg 2.75

The production of this instrument is being mastered
by enterprises ofgthe Belorusslan SSR.

.
i
“2
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ype Leboratory Soil pHl Meter

The pH meter of this type (Flg. 3) is constituted by
a multiple-probe instpument With glass electrodes, and 1t is
designed fop the (multiple) conduct of measurements of the
pH value of soils in%oblast and zonal laboratorles of agri-
culturaaj chemistry. % | o o L

7hﬁ measurement is conducted by mouhting the retepte-
cles (with igoi\l suspensions in calcium chloride solutibn
into the cells 6f the multiple-electrods prbbe unit.

The complete set of the instrument doHsists of &
multiple-electrods unlt and a measubing devicei :

, The miltiple<electrode unit consists of eight probes
and eight stirrers. The rotatlon of the multiple-electrode
unit and its stirrers 1s carried out through a ShE-IX type
electric motor with the control of the RPM by a rheostat.
The probe consists of a composite electrode in &a plastic pro-
tective mount. The entire circult of the multiple-electrode
unit is tightly sealed and shielded. The unit 1is connscted
to the measuring device by a cable and joint. The design of
the electrode makes it possible to easily remove the soil
particles adhering to it.

The measuring instrument consists of a PPP-58 field
soil pH meter, and a PLP-58 pH meter deslgned gor use with
standard receptacies holding as much as 200 cm2, Menual com-
pensation of temperature is provided for.

Principal Specifications of the PLP-58

Limits of measurement, in pH unlts 3-10
Error, in pH units =0.1
Limits of temperature compensation, in °C 10-30
Dimensions, in mm 500x500x400
Weight, in kg 16

The instrument 1s powered from dry sources =-- &
1-K8-U~3 cell and a 19-PMGTs-0 battery.

The productivity of the instrument reaches 1,000
measurements per shift (under two operators).

The production of thils instiument 1s being mastered in
the Belorusslian SSR.

The AEP-58 Type Automatic Electronlc pH Meter

The AEP-58 automatic electronic pH meter (Fig. 4) 1is
used for measuring, recording end regulating the concen-
tvation of technological solutions in the textile industry.
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Pig. 4. Complete Set of the AEP Type
Automatic Electronic pH Meter.

Fig. 5. Complete Set of the AFK-57
| Automatic Photocolorimeter.



The complete set of the automatic electronic pH meter
consists 'of ‘a probe of the pH value, a PVU pH meter unit
(dsveloped by the TslA) [Central Laboratory of Automation/,
and an EPP~0Y: automatic electronic potentiometer. -

\ “ﬂ & electromotive force arising when the probe 1s
plunged ‘intpithe solution is transmitted to the input of the
PVU and thence to the input of the EPP-09 with a pneumatlc
isodromic pegulator.

The effect of changes in temperature of the solution
is compensated for by a temperature compensation potentio-
meter mounted on the PVU pH meter unit.

The probe consists of a frame to which a glass elec-
trode and a peference electrode are attached, a protectlve
casing sheltéring the electrodes from mechanical damage, and
a removeble 1id covering the internal cavity of the probs.

The glass electrode and the reference electrode are
placed in special packing glands which are tightly sealed and
gxclude the penetration of the measured solution insilde the

rame. '

At its top the body of the probe is covered with a re-
moveble 1id which can be tightly clamped on and repidly re-
moved by meens of a yoke, & clamping chock and a wing nut.
To vemove the residual moisture in air, a silica gel car-
tridge 1s inserted into the probe casing.

The probe casing is provided with a fastenling collar.
A stopper for the KCl solution is provided in the upper part
of the reference electrode.

The cable of the probe 1is attached to the maln cable
through & hermetized box.

Principal Specifications of the AEP-58

Limits of measurement, in pH unlts 1-8
Range of operating temperatures, in ©C 20-60
Dimensions of secondary instrument, in mm 507x483%387
Dimensions of probe, in mm 355x130x130
Weight of probe, in kg 2.9
Weilght of entire apparatus, in kg 50

The main error of readings does not exceed two per-
cent of the range of measurements.

The supplementary error ensulng from measurement of
the temperature of the measured medium and amblent air is not
higher then 0.5 percent for every 109C, beginning from +20°C,

The AEP set 18 powered from an a-c system with a volt-
age of 127/220 volts and & frequency of 50 cps.

The production of this apparatus is belng mastered in
an enterprise of the Georglan SSR.
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The AFK457 Type Automatic Photocolorimeter

The photocoldrimeter (Fig. 5) is designed foér the con-
tinuous automatic measurement and recording of the bptldal
density of alkalis ("chromaticity") in the process of the
boiling of sulfite pulp, and also for sighdling on the enhding
of the boiling process. g o C
5 The prinelple|of performanée of this instrumernt 1s
based on the photog¢dlorimetric comparison of light absorption
bg the measured solution with the standard absorption. The
FS-K1 photoresistors, which display high sensitivity in the
pequired spectrum renge, are used as light-ray recclvers.

~_ The inStrument is assembled according to a differ-
ential circuit ensuring the accuracy.and stability of readings.
The compensation of circult unbalance during the measurement
is conducted according to the luminous flux by means of a
¢ircular optical wedge installed in the working arm of the
optical part of the instrument. The secondary instrument 1s
constituted by an appropriately modified PSR1-01 automatic
electronic potentiometer. The counection between the ad-
justable motor of the secondary instrument and the optical
wedge of the probe 1s carried out by a selsyn couple. The
probe of the instrument is equipped with a cuvette.

The instrument is graduated in relative units from O
to 100 percent with a gradation of 2.5 percent. If necessary,
the instrument 1s supplemented with a table for converting
the gradations on the dial to units of optical density.

The complete set of the instrument includes robes, a
PSR1-01 secondary instrument (with modified clrcuit), an
"gikeli"-feeding unite, and a 220/127-volt distributlon-net-
work transformer.

The probe consists of three mein units: casing, angle
bracket and power-supply unit.

The alkali-feeding unit ensures the continuous feed of
alkall into the cuvette with a time lag of not more than one
minute.

All parts of the feeding unit are located on & panel.

Principal Specifications of the AFK-57

Main error of readings, in percent of

meximum value on the diel +5
Recording of readings on & strip chart

having the length, in mm, of 160
- Threshold of sensitivity, in percent of

waximum velue on the dial, is not more than 2

/[Continued next page/
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(Continued from PQggi?i)
Principel Specifications of the AFK-57

Dial length, in mm 160
Power consumed, in volt-amperes 140
Dimensions of the panel for placing the

probe with alkali-feeding unit, in mm 600x800x80
Dimensions of secondary instrument, in mm 350x287x404
Welght of complete set, in kg up to 60

When the feed voltage changes by 410 percent and the
frequency by +1 percent from thelr nominal values, the reading
error of the instrument does not exceed the principal errox.

The instrument 1s powered by an a~-c system of 127
volts and frequency of 50 cps. When the 220-volt system 1is
used, it is necessary to apply a 220/127-volt step-down dis-
tributlion transformer.

The ARDM-58 Autometic Regulating Smoke Gauge (Flg. 6)

The smoke gauge 1s designed for the continuous measure-
ment, recording and regulation of the density of smoke in the
chambers for the cold and hot curing of fish and meat prod-
ucts.

The instrument is based on the method of comparing the
values of two currents passing through the working and the
compensating photoresistors, respectively. _ '

The probe operates according to the principle that
smoke density can be expressed by optical density per unit
length and 1s independent of the length of the luminous flux
in smoke. This has made 1t possible to employ the principle
of 1light absorption for graduating the instrument in abso-
lute units of optical density.

The secondary instrument is assembled on the basls of
a midget automatlc electronic potentiometer. Smoke density
is read on the disl of the instrument. The automatlc re-
cording mechanism conducts a contlnuous recording of smoke
density on a strip chart.

The dial 1s graduated in relative units from O to 100;
in addition, the instrument 1s provided with a table for con-
verting dlal units to optical denslity units.

The regulation of smoke density is carrled out by
means of a throttle valve with an electric actuating mecha-
nism.

The instrument is provided with an attachment for
signaling on any insufficiency of smoke in the curing ¢chamber.
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Fig. 6.

Fig. 7.

Complete Set of the ARDM-58 Type
Automatic Regulating Smoke Gauge.

Complete Set of the ASV-58 Auto-
matic Pogginess Indlcator.
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Principal Specifications of the ARDM-58
Principal erbor of readings, in percent

of the rangs of measurement 42
(Notinal) dlal of instrument, in percent -

of smoke éontent in the curingchamber 0-100
Time of heating of protective glass, in

minutes not over 20
Time of transit by polnter over the

entire length of the dial, in seconds not over 8
Length of dial, in mm 160Q.

Rate of advance of strip chart, in mm/hour 20; 40; 60;
80; 120; 180;
240; 360;
480; 720;

: up to 720

Power consumed, in volt-amperes up to 500

Dimensions of secondary instrument, in mm  330x387x4Ok

Welght of entire apparatus, 1n kg 25

When the feed voltage changes by %10 percent and the
frequency by -+l percent from their nominal velues, the resding
error of the Instrument does not exceed the principal error.

The complete set of the Instrument includes & probe, a
secondary instrument with a minlature control panel (based
a PSR1-03 type potentiometer), a regulating organ with an
actuating mechanism, and a power-supply unlt.

The production of the Instrument 1s being mastered in
an enterprise of the Georgian SSR.

The ASZ-58 Type Automatic Fogginess Indicator

The ASZ-58 instrument (Fig. 7) 1s designed for signal-
ing on the appearance of undesirable sulfur trioxide SO3 in
the sulfur dioxide of the sulfite pulp industry.

This photoelectric-type indicator, thanks to the
adopted auto-collimation system of 1ts optical unit, dis-
plays a high sensitivity and is activated by the appearance
of any appreciable fog, which correspords to approximately
three or four percent of light absorption (1ight absorption
by pure white polished glass, two or three mm thick, emounts
to seven to 10 percent.

The instrument makes it possible to vary the base of
the indicator within broad limits and to pre-set 1ts trig-
gering threshold in accordance with local conditions. The
dial of the setter is graduated in relative units from O to
100 percent. The instrument is also calibrated in units of
optical density.
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. The optics of the instrument is protected by the
electric heating®of protective plates coasted with a semi-
conductor current-conducting layer which prevents the con-
densatlon of the vapors of molsture and sulfurlc acid
thereon. = .. O , :

The ASZ-58 automatic indicator of the fogginess of
sulfur dloxide was developed upon instructilon of the Central
Scientific Reséarch Institute of the Paper Industry, but 1t
can find aepplication also in the other branches of industry
vhich experiehde the need for instruments for the automatic
s%gnalinE“of the appearance of traces of fog, smoke, dust,
etc. S

Principal Specifications of the ASZ-58

Principal Error of Triggering Threshold,

in percent of the Instrument'!s Dial 45
Comrplste sngle of turn of the setter!s

lever (from 5 to 100 percent on the

dial) in ©C 270
Power consumed, in volt-amperes up to 200
Weight, in kg 30

The setter's dlal is graduated in units of light
absorpticn: on the dial 10 percent corresponds to 8.5 per-
cent of 1ight absorption, and 100 percent, to 85 percent of
light absorpticn.

When the feed voltage changes by +10 percent and the
frequency by 1 percent, from thelr nominal values, the
reading error of the Instrument does not exceed the principal
error.

The instrument 1s powered by an a-c system of 127
volts und a frequency of 50 cps, through a 220/127-volt
distribution transformer.

. The complete set of the instrument includes a sensor
dimensions: 690x300x186 mm; welght: 7.0 kgz, an emplifier
dimensions: 232x252x288 mm; welght: 5.0 kg), a control unit
dlmensions: 275x180x195 mm; welght: 2.4 kg), and & distri-

bution transformer.

The production of this instrument 1s being mastered in
an enterprise of the Georglan SSR.

The AXKSD-57 Automatic Shlpboard Smoke Indlcator

This instrument 1s used for signaling the appearance
of smoke in the cargo accommodations of dry-cargo vessels
(holds and!tween-decks) and 1t serves as one of the devices
for providing early fire warning.

- 25 -




Fig. 8. The AESD-57 Automatie
Shipboard Smcke Indl-
' cator.
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The indicator is installed in the ship's wheelhouse,
and it seérves to control simultaneously as meny as elght
accommodations., R

~ This indtrument can be applied in eveby case in which
an automatic fire alarm system is n¢eded (storage accommo-
dations; clubs, theatres, etc.).

fhe complete set of the instrument consists of a
signalling device and a ventlilating lnstallation continuously
drawing alr out of the premises through a system of radilal
plpes and through the sensor of the signalling device and a
visual chamber.

When smoke appears in the system, the signalling de-
vice is triggered and emits sound and light signals. The
number of the accommodation in which the smoke orlginated 1s
determined by examining the cells of the visual chamber.

The instrument!s sensor 1s of the photoelectric type;
it displays a high sensitivity and is trilggered when the
luminous flux decreases by five percent.

The instrument's power supply comes from an a-c Sys-
tem of 220/127 volts and a frequency of 50 cps.

The instrument can operate under the condltions of the
fluctuations of temperature from minus 20 to plus 50°C, at a
humidity of as much as 98 percent, and during vibrations and
jarrings.

The dimensions of the signalling device are 900xl,
650x540 mm, and 1ts welght is 203 kg. The dimenslons of the
ventilating unit are 1,360x830x660 mm, and 1ts weight 1s
207 kge.

The production of this instrument is being mastered In
en enterprise of the Georglan SSR.

END
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