ISSN 2226-3780 INDUSTRIAL AND TECHNOLOGY SYSTEMS: D

ELECTRICAL ENGINEERING AND INDUSTRIAL ELECTRONICS

UDC 623:946
DOI: 10.15587/2312-8372.2018.141247

ANALYSIS AND GENERALIZATION OF
THE RESULTS OF AN EXPERIMENTAL
RESEARCH OF THE RECHARGEABLE
BATTERIES OF SELF-GUIDED ELECTRIC
TORPEDO CET-65 (USSR) IN POST-
GUARANTEE TERMS OF EXPLOITATION

006’exmom docaiocenns € NPouec Mt eAeKmpOMexXHiuHUX 1 MAKMUKO ~-MEeXHIUHUX XAPAKMEPUCUK CPIOHO-
UUHKOBUX TMOPNEOHUX AKYMYAAMOPHUX bamapeil 6 npoueci ix niciseapanmiinozo sdepizanis.

IIpedmemom docnioncenis € mexuiuna 2epoOHMOL0Zis eACKMPOMEXHIUHUX CUCTEM, 4 CAME — CPIOHO -UUHKOBUX
akymyasmopnux bamapei camonagionoi enexmpuunoi mopnedu CET-65 (CCCP).

Haseni na 036poenni cpiono-yunxosi mopneoni axymyaamopui damapei 3Haxoosmocs na niciseapanmitinux
mepminax 3bepizanns: 6id 30 poxie i Oinvwe. Munyni ¢ x00i maxozo nepiody 3minu ix napamempis, a Mmaxosc
2ePOHMON02IYHT NPOUECU, WO NPOMIKAIOMb 8 HUX, MAJ0 8usueni. B ymosax sumywenoi excnayamauii na nicis-
eapanmiunux mepminax 3oepizanns 6cmae 20cmpa neobxionicmv npogedenus monimopuney ix cmany. Buxoosuu
3 Ub020, GUABLEHHS 3AKOHOMIDHOCTET 3MIHU CeKMPOMEXHIUHUX XAPAKMEPUCTIUK CPIOHO-UUHKOBUX MOPNEOHUX
akymyasmopuux bamapetl 6i0 ix cmpoxie 36epizanis i GUSHAUEHNS GNIUCY UUX 3MIH HA OCHOGHT MAKTNUKO-TNEXHIUHT
Xapaxmepucmuxu mopneou npeocmagisiemvcs 6aiCIUBOI0 HAYKOBO-NPUKLAOH0I0 3A0auero.

B pobomi npoananizosana mooens Iummesozo yukiy cpiono-uunxosux oamapeii. Ile 003601se npoenosyeamu
SMINU OCHOBHUX eACKMPOMEeXHIUNUX XAPAKMEPUCTUK 610 mepMinie ix 30epizanis, a maxoji 6NAu Wux 3Min na
OCHOGHI MAKMUKO-MEXHIUNT XapaKmepucmuxu mopneou. Busnaueno sanejcnocmi énnuey mepminy sbepicanis mop-
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wo eKasamni nokasnuxu nozipuyromocs 00 20 % ma do 17 % eionogiono. Ilposedena xopexuyis Mooeni neummeaozo
UUKIY MOPneonoi akymyismopnoi bamapei. Bcmanosneno, wo, 3 ypaxyeamunam podomu asmomamuunoi cucmemu
nagedenist, mepmin Joyineioi excnayamauii mopnednoi axymyrsmopnoi bamapei ne nosunen nepesuuyeamu
16 poxie. Ha 0cioi 2eponmonoziuiux 3min 0Acepe ICULeHHsL MOPNeonol akyMyasmopnoi bamapei 3anpononosana
Memooduka enecenis NONPasox npu nposedenii mopnedonux cmpinvo. Ie doseorums Komnencyeamu 30itvuenis
PO3Ci106aIHS 6 OOKOBOMY HANPAMKY 1 NO OANGHOCMI, A MAKONC 30IIbUENHSI KYMA PO3PAXYHKOBOT MOUKU 3YCMpPidi
mopnedu 3 yiano. B cor uepey, ue 003604UMb GUKOHYSAMU HABYALLHI MaA O0U06I 3a80anHsl, BUKOPUCTNOBYHOUU
HAA6MHI MOPNeou NicAA2apanmilnHux mepminie 36epizanns.

Kmouosi cnoa: mopnedu niciseapanmiunux mepminie sbepizanis, cpibno-yunKosi axymyismopni 6amapei,
2ePOHMON02IUHT SMIHU.

1. Introduction

After Ukraine received the status of an independent
state, its Navy inherited from the USSR a large number
of various weapons, including torpedo. Subsequently, due
to the lack of production facilities and the material and
technical base necessary for production, repair and main-
tenance of torpedo weapon samples, the nomenclature of
torpedoes was reduced to three. They include:

— 533 mm antisubmarine self-guided electric torpedo

SET-65, 1965 of adoption for armament;

— 400 mm universal self-guided electric torpedo SET-72,

1972 of acceptance for armament;

— 533 mm long-range oxygen homing torpedo 53-65K,

1965 of adoption for armament.

The shelf life of these torpedoes exceeds the permis-
sible period of their service. In order to maintain their
technical readiness in the Ukrainian Navy, measures were
repeatedly taken to modernize and extend the life of these

torpedo-weapon models. However, due to the lack of ne-
cessary funding in full, it was not possible to carry out
the restoration, modernization and timely renewal [1].

Most negatively this affected the power sources of anti-
submarine torpedoes, since the terms of their storage and
operation are strictly regulated by a number of guidelines
and technical documents [2]. At the same time, there were
no methods for predicting the change in electrical charac-
teristics (EC) in torpedo silver-zinc rechargeable batteries
(TRB) for operating periods exceeding 10 years. Models
for the operation of torpedo tubes with storage periods
exceeding the warranty period have not been developed.
To do this, it was necessary to conduct research on their
performance characteristics and develop ways to increase
the corresponding characteristics to those declared in the
technical documentation [2].

The available silver-zinc TRBs are in various stages
of storage: from 30 years or more. The changes in their
parameters that passed during this period, as well as the

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/1(42), 2018, © Biryukov I, Biryukov A., Shcheptsov 0.

23—)



BHPOEHHY0-TEXHO/MOIT4YHI CHCTEMM:
( E/NIEKTPOTEXHIKA TA NPOMMCNOBA ENEKTPOHIKA

I55N 2226-3780

processes taking place in them, have been little studied. In
conditions of forced exploitation on post-warranty storage
terms, there is an urgent need to monitor their condition,
which in turn implies the following:

— prediction of changes in the basic EC of TRB;

— organizational and technical measures aimed at redu-

cing the likelihood of manifestation of an abnormal effect;

— timely and safe disposal.

For the time being, all TRBs have expired their life in
the Ukrainian Navy, and this makes it impossible to issue
such torpedoes to warships and use them as intended [3].

Proceeding from this, the identification of the regularities
of the change in the TRB of silver-zinc ECs from their
storage terms and the determination of the effect of these
changes on the main tactical and technical characteristics
of the torpedo (speed and range) is an actual scientific
and applied problem. And in the conditions of the hyb-
rid war in Ukraine and the annexation of the Crimean
peninsula — the urgency of this task is unconditional, since
it is directly related to the combat readiness of a number
of Ukrainian Navy warships.

2. The ohject of research
and its technological audit

The object of research is the process of changing the
ECs and TTCs of silver-zinc ECBs in the course of their
post-warranty storage.

The subject of the study is the technical geronto-
logy of electrotechnical systems, namely silver-zinc TAB
CET-65 (Fig. 1) [4].

Fig. 1. CET-65 Torpedo (USSA)

By document [2], the lifetime of the TRB is deter-
mined by ten years of storage, during which:

— average repair (in 5 years);

— control checks (every 2.5 years).

That is, during the established service life, preventive
measures are designed for the product aimed at maintaining
the values of the main power indicators of the torpedo
close to the nominal ones. At the same time, for TRB
post-warranty terms of storage of operational documenta-
tion, neither a list of corresponding measures, nor their
essence, nor their periodicity is stipulated.

Consequently, a contradiction is obtained, which con-
sists in that, on the one hand, in the absence of an al-
ternative, there is an urgent need for torpedo armament
after post-warranty storage. On the other hand, there is
a significant gap in the technical documentation that would
regulate the procedure for checking, repairing, moderni-
zing, preparing for combat use and directly using combat
torpedoes.

At the moment, such a state of torpedo armament,
which is on post-warranty terms of operation, is one of
the main problems of the Ukrainian Navy.

3. The aim and ohjectives of research

The aim of research is to determination of the techni-
cally expedient storage times for silver-zinc TABs exposed
to the effects of gerontological changes, on the basis of the
dependence of the fall of the ETC on the storage time.

To achieve this goal, it is necessary to solve the fol-
lowing research tasks:

1. Identify the regularities of the influence of changes
in the ETC of silver-zinc TABs of long storage periods on
the main TTC of torpedo armament — on speed and range.

2. To predict the changes in the main energy indices of
silver-zinc TABs from the time of their storage, as well as the
effect of these changes on the speed and range of the torpedo.

3. To develop a methodical approach to the correction
of the initial data of shooting by the CET-65 torpedoes
taking into account the gerontological changes of silver-
zinc TRB at various stages of its storage.

4. Research of existing solutions
of the prohlem

The problem of deterioration of the technical charac-
teristics of ammunition of various types and calibers due
to natural aging (gerontological changes) of their elements
due to long-term storage is not new, and the process itself
is inevitable. Conditions and periods of storage, tempera-
ture regime, as well as immediate tightness of ammunition
somehow influence the process of their aging, speeding
up or slowing it down. It is this process that forces the
transfer of existing ammunition into the category of those
that have a long or post-warranty period of storage.

Over the past 15 years, only in Ukraine, a number
of scientific experimental studies have been carried out
to study the effect of this process, both on the technical
state of the armament sample and on the TTC of such
types of munitions as:

— automatic [5, 6];

— pistol [7, 8];

— artillery [9];

— tank ammunition [10];

— ammunition of naval nomenclature [11].

And if in the works listed above the main reason for
carrying out the experimental studies was the depletion of
the powder charges due to their long-term storage, then in
the work on torpedo armament, this change was caused by
the change in the ETC of the TRB. And TRB, as is known,
is a radically different element than the powder charge.

Consequently, all approaches and patterns described
in the above works should not be used in the process
of studying torpedo weapons.

As for the latter, in the experimental studies [1, 12, 13],
TRB was investigated for changes in their ETC due to
natural aging of the corresponding nutrients. But only
a few isolated studies have been described in these stu-
dies, while a comprehensive detailed analysis of the results
obtained has not been carried out.

Also, other world scientific works can’t be ignored.

In [14], an algorithm for determining the optimal tor-
pedo configuration is presented, which would satisfy the
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requirements and criteria for its effectiveness. At the same
time, studies of the optimal configuration of its TRB ele-
ments, both guarantee and post-guarantee terms of storage,
were not conducted.

The authors of [15] developed a conceptual high-pre-
cision finite element model for a supercavitating torpedo.
However, in the development of this model, a certain error
was made in connection with the neglect of the effect of
gerontological changes in torpedo elements during their
aging on the main TTC and ETC of such torpedo.

The author of [16] generalized and analyzed the prob-
lem of aging of both munitions in general and torpedoes
in particular, but no models or forecasts were proposed
for their expedient use.

The rest of the vast majority of scientific papers, such
as [17, 18], describes only current trends in the deve-
lopment of torpedo armaments in the world or presents
a concise analysis of their main TTC. The effect on the
TTC torpedoes of the aging processes of their elements
in such works is not considered at all.

Thus, the results of the analysis show that in a rela-
tively small number of scientific papers on this subject,
experimental studies of the TRB torpedo SET-65 post-
warranty terms of operation have not been carried out.

5. Methods of research

Theoretical studies [19] shows that during the long-
term storage with TRB, changes occur that negatively
affect their ETC such as capacitance, voltage, internal
resistance. The obtained dependences of the change in
the discharge time of the TRB from the change in its
capacitance determined the influence of the torpedo stor-
age time on the range of its travel. The dependence of
the change in motor power on the voltage in turn caused
the influence of such terms on the change in the speed
of the torpedo.

Variation of the torpedo range from the shelf life TAB
AL(7) is the ratio of the torpedo range on the warranty
shelf life of the TRB L to the table values of the range
of the torpedo L7. This difference is defined in [1] and
is represented as the expression:

L/Ly= Ly — 0.007x, (1)

240
235
230
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220
215
210
205
200

Capacity of torpedo battery C, Ah

195
190
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where L — the values of the range of the torpedo on the
warranty terms of TRB storage; Ly — table values of torpedo
range; T — TRB shelf life.

Changing the speed of the torpedo from the TRB shelf
life AV(7) is the ratio of the speed of the torpedo on the
warranty TRB shelf life V to the table values of the speed
of such torpedo V. This difference is also defined in [1]
and is represented as the expression:

V/Vr=Vy - 0.0091, 2)
where V — the speed of the torpedo on the TRB warranty
shelf life; Vy — table values of the speed of the torpedo; T —
TRB shelf life. Based on the obtained data [1], the TRB
life cycle model is developed (Fig. 2), which is described by
a sixth-degree polynomial:

C=(~9.9888¢ 6)16+6.057¢ 419+ (—1.258¢ 2)ti+

+9.7436e 7213+ (~0.25375)1%+(-0.22637)1+239.98, (3)
where C — TRB capacity; T — TRB shelf life.

This model makes it possible to predict the changes in the
main ETC of TRB from the time of their storage, and also to
predict the impact of these changes on the speed and range
of the torpedo. Such model makes it possible to determine the
correction values for the initial parameters of torpedo firing.

This model includes three stages:

— the first — TRB capacity, which remains practically

unchanged, the aging processes occurring inside the TRB

are insignificant and their rate of flow is low. They do
not have a significant effect on the ETC of TRB;

— the second — TRB capacity sharply decreases. The

permissible minimum value of the capacity can be de-

termined on the basis of the minimum permissible speed
and range of the torpedo;

— the third stage — the values of the capacity can’t

provide the necessary speed and range of the torpedo,

and, consequently, the use of TRB is not appropriate [19].

To confirm the theoretical obtained results, the JSC
RPC <«Luhansk battery-1» (Ukraine) developed a test
program for batteries of CI[A-240 (A-187M) [20]. Sum-
marizing the proposed order of TRB tests, the program
of their conduct can be presented schematically (Fig. 3).

25
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‘ Removing batteries from shipping containers, inspection of containers

.

‘ Study of forms, passports and packing lists

.

Inspection and monitoring of the battery in accordance with the specification
TU 16-729.242-80/s

' .

Battery compliance with technical Measurements of the electrical
drawing resistance of battery cells

. .

‘ Dismantling the battery, dismantling and inspection of the battery components

v

’ Checking the elements with ampoules for tightness, and the diaphragms for integrity

v

‘ Opening and battery cells, extraction and inspection of electrode blocks

-

‘ Separation of electrode blocks into positive and negative electrodes, their inspection

.

‘ Tests for determination of capacitance and electrochemical activity of electrodes

l

Arbitrary selection of at least 4 elements for carrying out temperature tests
at 323 K (+50 °C) and 278 K (+5 °C)

'

Blasting tests of block contactors and 190M products

v

Decision-making on the further use of extracted electrodes and elements for assembling A-
187M batteries with new parts and assemblies

'

| Assembly of A-187M batteries with new parts and components, their modification

.

‘ Conducting temperature and transport tests, checking compliance with specifications

A

‘ Tests of the cell sections for the discharge time and for the discharge voltage ‘

.

‘ Decision-making on further use of A-187M batteries ‘

Fig. 3. Diagram of test program for batteries of CLIA-240 (A-187M)

The presented TRB test program is still the only docu-
ment that not only regulates the procedure for checking
TRB, but also provides an opportunity to extend their
operation due to their finalization and modernization.

6. Research resulis

On the basis of expressions (1) and (2), the corre-
sponding dependences of the torpedo range (Fig. 4) and
its speed (Fig. 5) on the TRB storage time are plotted.

Based on this, the following data were obtained for
torpedoes with a 22-year TRB shelf life:

1. The capacity of such TRB is reduced by 20 %, which
leads to a decrease in its discharge time to 10.8 min, which
does not correspond to the data of the TTC (13 min).

2. The torpedo range with such TRB will decrease
by 17 %, which corresponds to 2.5 km.

3. The voltage of the TRB is reduced by 18 %, which
corresponds to 40 V [20].

4. With such voltage values, the torpedo motor’s power
ratings take unsatisfactory values equal to 1.8-10° W, at
which the motor can’t provide the required torpedo speed.

5. The speed of such torpedo will decrease by 20 %,
which corresponds to 4 m/s (8 knots).

Limitations related to the operating conditions of on-
board homing equipment, for normal operation of which
a voltage drop of not more than 10 % is allowed, led
to a forced correction of the TRB life cycle model. This
value further limit the period of expedient operation of
the TRB: taking into account this adjustment, such pe-
riod should not exceed 16 years. One of the main results
of the experimental study of the batteries of CI[A-240
(A-187M) was the data of tests of positive and negative
electrodes, presented in Tables 1, 2, respectively.
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Ratio of the torpedo range, L/AT

1.1

1.05

0.95
0.9
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0.8
10 20

15
Shelf life 7, year

Fig. 4. Changing the torpedo range from the storage of torpedo batteries

Ratio of the speed of the torpedo, V/V;

1.1
1.05

0.95
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Tahle 2
Results of negative electrode tests
negative electrodes
No. of - - Mercury
element | No. |Mass, g Discharge Average dis- content, %
! time, min | charge voltage, V
1 16.6
19'24" 1.37 0.87
2 16.7
81086 3 16.5
(non- 2140 1.40 0.66
hermetic) |4 16.6
5 16.6
22'42" 1.40 0.74
6 16.7
Average value 16.6 21'41" 1.39 0.76
1 16.7
22'20" 1.40 0.62
2 16.6
80647 3 16.8
(her- 2312 1.40 0.62
metic) 4 16.6
5 16.8
20'05” 1.36 0.68
B 16.8
Average value 16.7 21'54" 1.39 0.64
Requirements for technical | not less not less 1-25
documentation than 17’ than 1.35 )

0.9
0.85
0.8
0.75
0.7

15
Shelf life 1, year

20

Fig. 5. Changing the speed of the torpedo from the time of storage
of torpedo batteries

Tahble 1
Positive electrode test results
No. of Positive electrodes Requirements
i Discharge | Appear- for technical
element | No. | Mass, g time, min ance documentation
1 23.41 49’
2 23.41 47'35" Gray
3 23.26 48'30"
togs | 4 | 2397 | 4980° | Grgy i
(non- 3 23.70 48'50" brown
hermetic) B 2358 48’ spots
7 23.69 48'50"
8 23.15 46'30" Gray
9 23.56 47'10" The discharge
Average value | 23.52 48'15" - time of positive
- electrodes
! 23.96 48 should be at
2 23.64 46'45" Gray least 45
3 23.75 49'35"
80647 4 23.50 47'45" Gray with
- 5 23.17 46’ brown
(hermetic) ‘
B 23.32 46’ Spots
7 23.40 46'40"
8 23.20 45'45" Gray
9 23.44 46'15"
Average value 23.49 47’ -

So in negative electrodes the content of mercury was
reduced by 0.5 %, which is introduced into the active mass
to ensure stability of the zinc electrode during storage, which
does not correspond to technical documentation (1 %) [20].

It was also recorded a decline in its ETC to the boundary-
permissible values in positive and negative electrodes, as
a result of their long-term storage. Thus, the time of the
control discharge of the positive electrodes of the TRB
elements was 48 to 44 min, (at a rate of 45 min), and
negative — from 19 to 16 min (at a rate of 17 min).

The above facts lead to a change in the ellipse of ship
torpedo scattering during firing (Fig. 6):

— in range;

— in a lateral direction.

To compensate for this impact, it is necessary to make

appropriate amendments:

— to make changes in the calculation of the maximum

distance of the torpedo salvo and the conditions of

«reaching» the torpedo to the target (the target reach);

— make changes in the calculation of the angle of

the torpedo encounter at the calculated point of the

torpedo encounter with the target (the lead angle).

On the basis of the developed technique [1], the ini-
tial data of torpedo firing were adjusted to take into
account the gerontological changes in TRB. So for 50 %
of torpedoes, ship dispersion in the lateral direction of
the Bzand ship dispersion over the range of the By will
exceed its values by 23 and 50 meters, respectively. For
the remaining 50 % of the torpedoes, according to the
normal distribution law of the random variable, these va-
lues will be 6 times larger and will be 138 and 300 m,
respectively. This is 1/2 of the reaction channel length
of the active channel of the automatic guidance system
of the CET-65 torpedo and covers the response radii of
the passive channel of the torpedo homing gear at target
speeds of 9 to 18 knots.

It was also found that for the same target angle gr,
the angle of the meeting with the target 6 and the lead
angle @, the value of the total distance traveled by the
torpedo decreased by 15 % (2174 m). The main reason for
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this is precisely the gerontological changes in TRB. The
value of the maximum distance of the torpedo salvo D,
decreased by 1500 m, which is 15 % of its nominal value.

In determining the angle of the calculated point of
encounter of the torpedo with the aim of @, we obtained
that the given angle, taking into account the gerontological
changes of TRB @, under the same shooting conditions,
will differ from the true @, and will be 9° (at ¢;=6.9°).

In addition, it was established that the post-warranty
retention aperture of the TRB had the lowest percentage
of opening — 15-20 %, compared with 75-100 % of the
apertures of the warranty shelf life. Visually, this diffe-
rence is shown in Fig. 7.

o}

Nt

— the effect of these changes on the main TTC tor-

pedoes — speed and range.

In turn, this allows to introduce corrections into the
initial parameters of torpedo firing, taking into account
the gerontological changes in the TRB elements.

The proposed model is adjusted taking into account
the limitations associated with the operating conditions
of onboard homing equipment.

The proposed method of making corrections during
torpedo firing makes it possible to perform training and
combat missions using the available torpedoes of post-
warranty storage periods.

Weaknesses. Further experimental re-
search, refinement and modernization of the
TRB are complicated by the fact that the
enterprise that conducted them is located
in the temporarily occupied territory (Lu-
hansk, Ukraine).

A limited number of both the CET-65
torpedoes themselves and the Ukrainian
Navy ships equipped with the correspon-
ding torpedo tubes do not give a full test
of the results obtained in the course of the

150 m
183 m

L 2o

\

A 4

A

Fig. B. Ellipse of polygon scattering of torpedoes taking into account gerontological changes

in their rechargeable batteries

b

Fig. 7. Comparative photos of diaphragm membrane blasting results:
a — the warranty storage period; b — post-warranty storage period

This phenomenon will lead to late delivery of the
electrolyte from the ampoule to the elements, untimely
and incomplete wetting of the surface of the electrodes,
as well as to delay the full reaction of the active masses.
In turn, this will prevent the timely supply voltage of
the power battery to the motor. In the final result, the
speed of the torpedo and the angle of rotation of the
rudders will not be sufficient for a timely exit to a given
trajectory [13].

7. SWOT analysis of research resulis

Strengths. The results of a theoretical study on the
fact that, due to gerontological changes in TRB for long
periods of storage, their main ETC fall, were confirmed
by the results of an experimental study.

The TRB torpedo life cycle model allows to predict:

— changes in the basic ETC of TRB from the time

of their storage;

experimental study.

Opportunities. Test program TRB CET-65
is universal and can be used to study simi-
lar TRB of other types of torpedoes, both
Ukrainian and imported.

Development of correction tables for
shooting torpedoes of CET-65 for long pe-
riods of storage, depending on the duration
of these terms.

Investigations of the effect of gerontological changes on
the intensity of the loss of their physicochemical properties
of the polyamide resin from which the diaphragms are made
and the elements of the electric locks HX-10X1,5 TRB.

Threats. The fulfillment of the TRB test program is
possible only in laboratory conditions with the participa-
tion of personnel of the appropriate qualification, which
makes it impossible for it to be conducted by the forces
and means of the crew of a warship or a military unit
of the Ukrainian Navy. The lack of information on the
effect on the intensity of gerontological changes of TRB
storage conditions for torpedoes, temperature drops and
humidity of the environment can lead to additional errors
in the proposed model of the life cycle of TRB, and,
consequently, to corrections of firing.

1. The regularities of the influence of changes in the
ETC of silver-zinc TRB of long storage periods on the
main TTC of the CET-65 torpedo have been revealed. It
is established that under their action at a storage period
of TRB at 22 years, the TRB capacity decreases by 20 %,
and the discharge time drops to 10.8 min, which does not
correspond to the nominal TTC (13 min). This leads to
a decrease in the range of the torpedo by 17 %, which
corresponds to 2.5 km. Also, the TRB voltage is reduced
by 18 %, which corresponds to 40 V. With this value
of the TRB voltage, the torpedo speed will decrease by
20 %, which corresponds to 4 m/s (8 knots).

2. A life-cycle model of silver-zinc TRB has been de-
veloped, which allows predicting the changes in the basic
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ETC of TRB from the storage time, and also predicting
the effect of these changes on the speed and range of
the torpedo. This in turn allows to introduce corrections
into the initial data of torpedo firing during their combat
use, taking into account the gerontological changes in the
TRB elements. Correction of the developed model of the
TRB life cycle was made, taking into account the limita-
tion related to the operating conditions of the onboard
automatic guidance system, for normal operation of which
a voltage drop of not more than 10 % is allowed. Taking
into account this limitation, it is established that the pe-
riod of expedient operation of silver-zinc TRB should not
exceed 16 years.

3. On the basis of a comparative analysis of the accu-
racy of methods for solving the main task of the torpedo
encounter, the effect of gerontological changes in the TRB
power sources on the increase in the angle of the calculated
point of the torpedo encounter with the target is deter-
mined. The value of this angle increases to 9.0° (by 23 %)
compared to its nominal value of 6.9°.
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