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DETERMINATION OF THE ELECTRIC DRIVE POWER FOR LIGHTLY ARMORED
CATERPILLAR AND WHEELED VEHICLES USING SINGLE- OR TWO-STAGE
MECHANICAL GEARBOXES

When designing electromechanical transmissions (EMT) for lightly armored caterpillar and wheeled vehicles (LACWY), there is
often a problem that the coefficient of adaptability of the traction motor (TM) at the minimum design power is not sufficient to
meet the requirements for the power range of the transmission. In the literature, several ways have been worked out to solve this
problem, however, there was not found a single algorithm allowing to formalize and step by step pass the process of choosing the
most rational structure of the EMT. The purpose_of the proposed work is the formation of scientifically based methodology for
evaluating the possibility of using single-stage gearboxes in EMT for LACWYV and calculation of the required TM power of the
selected type for single- or two-stage mechanical gearboxes. Methodology. To carry out the research, the theory of motion of
caterpillar and wheeled vehicles was used. Result. A formalized methodology for determining the required mechanical power of
the electric drive for the LACWYV is proposed, depending on the power capabilities of the motor-generator set, the torque
characteristics of the selected TM and the number of stages in the mechanical gearboxes. Scientific novelty. For the first time, a
formalized connection has been established between the tactical and technical requirements for LACWYV, the characteristics of
the selected TM, the structure and parameters of the mechanical gearboxes. Practical value. The toolkit for the engineering and
design personnel developing the EMT for the LACWYV was obtained. Work with the algorithm is illustrated by the example of
power selection and gear ratios of mechanical gearboxes for the multi-purpose lightly armored caterpillar tractor MT-LB.
References 10, tables 3, figures 4.
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mechanical gearbox, power transmission range.

Ilpu npoexmyesanni enexkmpomexaniunux mpancmiciu (EMT) ona nezkodponvosanux 2ycenuynux i koaicnux mawiun (JIGI'KM)
uacmo GuUHUKA€e npodrema Heoocmaui Koegiyiecnma npucmocosnocmi msmaz2068020 enexmpoosuzyna (TE/]) minimanonoi
PO3PAXYHKOGOT NOMYHCHOCHI 0N 3A0080J1€HHA GUMO2AM 00 CU08020 dianazony mpaucmicii. Y nimepamypi nanpayboeano
KinbKa cnocodie piwienna uiei npodaemu, 00HAK He 0Y10 3HANOEHO EOUHOZ0 ANZOPUMMY, U0 003801A€ (opmanizyeamu ii
NOKpPOK080 nposecmu npouec euoopy Haiidinews payionanvnoi cmpykmypu EMT. Memotwo 3anpononosanoi pooomu €
opmysanna HayKoeo 00TPyHmoBanoi MemoOuKu OUIiHKU MOHCTUBOCHI 6UKOPUCIANHA 0OHOCMYniHUacmux pedykmopie ¢ EMT
ona JIBI'KM i pospaxyuky mneooxionoi nomymcnocmi TEJ] obpanozo muny 0ns 00H0o- ado 080CMYyniHUACMUX MEXAHIYHUX
pedykmopis. Memoouka. /[na npogedenns 00CNi0NCeHb UKOPUCHOBYBANUCA NOTONHCCHHA MEOPIi PyXy 2YCEHUYHUX | KOJLiCHUX
mawun. Pesynemam. 3anpononosana ¢popmanizoeana memoouxa eusHAUeHHA HeOOXIOHOT MexaniuHoi nomydcnocmi
enekmponpueooa JIBI'KM 3aneixcno 6i0 eHepzemuyHuUx MOMCIUGOCHEN MOMOP-2EHEPAMOPHOT YCMAHOBKU, MOMEHMHOL
xapaxmepucmuku oopanux TEJ/] i kinokocmi cmynenie y mexaniunux pedykmopax. Haykoea nosusna. Ynepwe ecmanoeneno
dopmanizoeanuit 36'azox mixc maxmuko-mexuiynumu eumozamu 00 JIBI'KM, xapaxmepucmuxamu ooépanux TE/,
cmpyKkmyporo i napamempamu mexaniunux pedykmopis. Ilpakmuuna yinnicmes. Ompumano incmpymenmapiii Onsa inxceHepHo-
KOHCMPYKMOpPCbKo20 nepconany, wio pospoonasc EMT ona JIBIKM. Po6oma 3 anzopummom Rpoiniocmposana Ha Rpuxiadi
6uOOpy nomydxcrHocmi i nepeoamHux GiOHOUWIEHb MeEXAHIYHUX peOyKmopie O0na 0azamouyinpo6020 J1€2KOOPOHbOBAHO20
mpancnopmepa mazawa MT-JIb. bi6n. 10, tabmn. 3, puc. 4.

Kniouosi cnosa: enekrpomexaHiuHi TpaHcMmicii, JIerko0pOHbLOBaHI I'yCeHMYHi i KOJIiCHI MallMHHU, TATOBMil €JICKTPOJBUIYH,
MeXaHIYHMI peyKTOp, CHI0BU 1iana30H TPAHCMICII.

IlIpu npoexmuposanuu snexmpomexanuueckux mpauncmuccuit (IMT) Ona ne2KoOPOHUPOBAHHBIX 2YCEHUYHBIX U KOJECHBIX
mawun (JIBI'KM) uacmo eo3nukaem npoodiema nexeamxu Koyghghuyuenma npucnocodnnemocmu mazo6020 J1eKmpoosuzame’is
(T3/]) munumanvnoil pacuemnoit MOWHOCIU 01 YOOBIEMBEOPEHUA MPEHOBANUAM K CUIN060MY OUAnA3ony mpancmuccuu. B
Jiumepamype Hapadomano HecKoabKo CROCO008 peuwieHus IMoil npoodiemvl, 00HAKO He Obll10 HAOEHO eOUHO20 al2opummd,
n03601410U4€20 hopmanuzoeams u ROWA2080 RPOBECMU NpoUecc evloopa Haubdonee payuonanrvnoi cmpykmypot IMT. Lenvio
nPeonodHceHHOUl padomol A61AAeMCcA HOpMuUpPosanue HayuHo 000CHOBAHHOU MeMOOUKU OUEHKU B03MOMCHOCHU UCNOIb306AHUSA
oonocmynenuamuix pedykmopoe ¢ IMT ona JIBI'KM u pacuema neooxooumoii mownocmu T/ eviopannozo muna onsa 00no-
U 0BYXCHYNEHUAMBIX MEXAHUUECKUX PeOyKmopos. Memoouka. /{nsa npoeedenus uccied06anuil ucno1b306anuch nOaA0HCEHU
meopuu 06UMCEHUA 2YCEHUYHBIX U KoJecHbIX mawiun. Pesynomam. Ilpeonoscena gpopmanuzosannas memoouka onpeoeneHus
HeoOX00uMoli mexanuueckou mowipocmu nekmponpueooa JIBI'KM ¢ 3asucumocmu om rnepeemuiecKux 603MONCHOCHENl
MOmOop-2enepamopHoil yCImanoeKu, MOMeHmHoll xapakmepucmuku gvlopanuvix T/ u konuuecmea cmyneneii 6 MexaHuuecKux
pedykmopax. Hayunaa noeusna. Bnepgvle ycmanosnena opmanuzosannan cea3b MmexHcoy MAKMUKO-MEXHUUECKUMU
mpeobosanuamu k JIBI'KM, xapakmepucmukamu evtopannvix T/, cmpykmypoit u napamempamu mexanuueckux peoykmopoe.
Ilpakmuueckan yennocmeo. Ilonyuen uncmpymenmapuii 014 UHIHCEHEPHO-KOHCMPYKMOPCKO20 NEPCOHANA, PA3padamuvlearou|ezo
IOMT ona JIBI'KM. Pa6oma c anzopummom RpouniioCmMpuposand Ha npumepe 6vloopa MOWHOCHMU U NepedamoyHbIxX
OMHOWIEH Ul MEXAHUYECKUX PEOYKMOPO8 OlIA MHOZ0Ue1€6020 J1€2KOOPOHUPOSannozo mpancnopmepa mazava MT-/Ib. bu6n. 10,
Tabm. 3, puc. 4.

Kniouesvle crosa: 3neKTpoMeXaHUYeCKHe TPAHCMUCCHH, JIETKOOPOHUPOBAHHbIE TYCEHMYHBIE U KOJIECHbIE€ MAIIMHBI, TATOBBIN
3J1eKTPOJABHIATE]b, MEXAaHUYECKHUI PeIyKTOP, CHIIOBOI 1HANIA30H TPAHCMHUCCHH.

Introduction. Electromechanical transmissions not only in civilian vehicles, but also in military
(EMT) have recently become increasingly widespread, equipment [1-7]. This is due to the fact that EMT can
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provide a number of significant advantages, which were
formulated in [8, 9]:

e the stepless change of speed, traction force and
turning radius;

e case of automating the transmission and ensuring the
control of the vehicle by any crew member and remote
control,

e cnhanced capabilities for recovering energy from
slowing down, turning, oscillations of sprung masses,
etc.;

o the possibility of short-term movement without an
operating internal combustion engine;

o the possibility of short-term summation of the power
of the generator unit and energy storage devices;

e absence of rigid mechanical connections between
the main units, facilitating the layout.

Classic stepped mechanical transmissions with
hydrodynamic elements almost completely selected their
technical potential for increasing the power density and
mobility of both tracked (caterpillar) and all-wheel drive
wheeled vehicles. In addition, with such transmissions on
multi-axle all-wheel vehicles, there is an unjustified
complexity in implementing a system for maintaining
road holding and thrust control in order to avoid slipping.

All this made the task of designing the EMT for
lightly armored caterpillar (tracked) and wheeled vehicles
(LACWYV) relevant and timely.

Brief analysis of the issue, the goal and definition
of the problem. The characteristics of modern traction
motors (TMs), in particular induction TMs with frequency
control, allow to obtain a hyperbolic characteristic of
constant power close to ideal. However, as a rule, it is still
not enough to produce an electric drive with stepless
regulation in the whole range that is required for vehicles
moving not only on paved roads, but also off-road [8, 9].
This is due to the limitation of the maximum torque of the
TM, which is dictated by the value of the maximum
current in the windings and overheating.

In existing foreign designs, usually to solve this
problem, TMs with large power reserve are used, which
cannot even be ensured at all by the total power of the
generator and storage device [2-4, 6]. This leads to an
additional increase in the weight, size and cost of such a
transmission and reduces in aggregate the advantages that
could be obtained when introducing an electric drive for
military armored vehicles. In the works [8, 9], the traction
balance of vehicles with EMT was calculated using the
example of the MT-LB tracked multipurpose conveyor-
tractor and the BTR-4 wheeled armored personnel carrier.
However, a coherent and relatively universal algorithm
that allows determining the limits of the possibility of
using single-stage gearboxes in the EMT for the LACWV
and the power of the TM required for this purpose has not
been found in the scientific literature.

The goal of the work is the formation of a
scientifically based methodology for assessing the possibility
of using single-stage gearboxes in EMT for LACWVs and
calculating the required power of a TM of the selected type
for one- or two-stage mechanical gearboxes.

Tasks solved to achieve the goal:

e formalization of requirements for the kinematic and
force ranges of EMT for LACWYV;

e determination of the required mechanical power of
selected TMs for use in transmissions with single-stage
mechanical gearboxes while ensuring the specified
mobility parameters;

e determination of rational values of transmission
ratios of both stages of mechanical gearboxes and the
minimum possible value of the required mechanical
power of the selected TMs for transmission with two-
stage mechanical gearboxes.

Algorithm for determining the power and choice
of characteristics of the gearbox. According to their
functional purpose, LACWVs perform diverse tasks for
conducting combat operations in direct contact with the
enemy, for transporting personnel, military cargo, towing
artillery and other systems both in conditions of paved
roads and in full off-road conditions.

If we try to summarize the modern requirements for
mobility of these vehicles in relation to electromechanical
transmissions, then, first of all, the following should be
highlighted:

1) the achievement and long-term maintenance of the
maximum speed v, When driving on the highway;

2) the ability to climb on the soil sodded slope with
angle of arm.x with speed of at least viy;

3) the acceleration time to maximum speed when
driving on the highway;

4) the acceleration time up to speed of 20 m/s for
wheeled vehicles (WV) and up to 12 m/s for caterpillar
(tracked) vehicles (CV) when driving on the highway;

5) the acceleration time up to speed of 10 m/s when
driving on the dry dirt road;

6) the long-term implementation of the dynamic factor

Drﬁgx for CV and WV with the power organization of

rotation on the principle of CV, as a rule, not less than 0.8
and for WV with kinematic rotation of not less than 0.7.

The proposed algorithm contains the following
sequence of actions:

1. The first requirement allows to determine the
minimum required mechanical power of the electric drive,
necessary for its implementation. In accordance with
[8, 9] for the first requirement

— (GM f + kF° Vrznax )Vmax

v, B

e nMwaGlcp
where G, is the weight of the vehicle (N); vy, is the
maximum speed on the highway (m/s); f'is the coefficient
of resistance to movement on the horizontal surface,
depending on the quality and microrelief of the terrain
and type of propulsion; k is the coefficient of flow around
the body of the vehicle (N-s/m*); F is the area of the
frontal projection of the vehicle (m?); 7y is the
efficiency of the mechanical wheel gear; 7cp is the
efficiency of the caterpillar propulsion, which at
maximum speed is calculated by the formula
Tcp = 41 —a2Vmax »

where the coefficients a; and a, depend on the type of
hinge of the caterpillar propulsion and for the metal hinge
(MH) are a; = 0.95 and a, = 0018 s/m, and for the rubber
metal hinge (RMH) a; = 0.98 and a, =0.012 s/m.

2. According to the calculated power value, the TMs
of the adopted type are selected, the total long-term
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operating mechanical power of which is not less than the
required value:
Nsrvm 2N,

3. By given or accepted dimensions of the driving
wheels Rpy and the maximum angular velocity of the TM
Orymax, We determine the gear ratio of the mechanical
wheel gears, allowing the vehicle to move at given
maximum speed vy, on the road with hard surface:

_ Orm maxRpw

max

el
Vnmx

4. Knowing the value of the gear ratio of the wheel
gears and specifying the value of their efficiency
depending on the structure, we determine the maximum
values of the traction force P and the dynamic factor D of
the vehicle at the moment of start at v = 0 for the short-

term mode and at v=v,,;, for the long-term mode

AST . AST
M i Pz
PVAST — YSTM max"WGTWGIICD -, 4 pAST _ 2v=0

i) =0 =
Rpw Gu
. L
piL  _ MSTM maxlWGWGNCD g pLL  — Ymin
V=Ymin RDW V=Ymin GM

where M {175]\7,} max 1 the maximum total short-term

allowable torque of all TMs, and M ZL%Mmax is the
maximum total long-term torque of all TMs.
5. We check the value DL_L

V=Vmin

for compliance with
requirements 6 and 2 at the selected value of the gear ratio
of the wheel gear. To do this, we calculate the gear ratio

of additional gearboxes

LL
Do __DPrmax a __Jy
ladd _DLL <1 and ladd = 7 Sl,
V=Vmin V=Vmin

where fs is the total coefficient of resistance to movement,
which is determined by the formula

fs =f-cosa+sina,

where « is the slope angle equal to a,,x — the specified in
tactical and technical characteristics of the LACWYV
maximum slope angle on a soil sodded slope.

If one or both conditions are not fulfilled, then it is

necessary to take the larger of the values il;; and

zal?i‘;a" found and, in this number of times by the available

method, increase the maximum total long-term operating
torque of all TMs or install a reduced stage in the wheel
gears with the additional transmission ratio found.

6. Assess the capabilities of the intended power
plant, generator and storage devices by the possibilities of
long-term and short-term power supply to the
transmission.

7. Check the fulfillment of requirements 2 — 5 by
carrying out a traction calculation in the appropriate road
conditions taking into account the limitations on the
possibilities of the power plant, generator and storage
devices. If, in the course of the calculation, lower stages
were introduced in the wheel gears, then the traction
calculation should be carried out in two modes — first
estimate the acceleration time at the start immediately
from the second gear, and then, if conditions are not met,

consider acceleration with sequential gears up starting
with down one.

We illustrate the above methodology with an
example of the development of an electromechanical
transmission for the MT-LB multi-purpose conveyor
tractor.

Initial data for calculations on the vehicle are
presented in Table 1, regarding TM — in Table 2.

Table 1
Initial data on the conveyor tractor

Indicator name Value
Vehicle weight Gy, N 117720
Maximum velocity on the highway 18.06
V max, Vs (km/h) (65)

on the highway 11.11
Average velocity of movement, Vay (40)
m/s (km/h) on the dirt road 8.33
Vi (30)
Maximum slope angle on the ground .y, © 35
Rise velocity with slope 35°
not less, m/s (km/h) 1396)
Vehicle height A, m 2.035
Track width B, m 2.5
Clearance 4, m 0,4
Driving wheel radius Rpy, m 0.265
Flow rate k, (N-s*)/m* 0.65
Calculated acceleration time on the highway, s (no
more) to velocity 0.95V, . —17.153 m/s 60
(61.75 km/h)
Calculated acceleration time on the highway, s (no 15
more) to velocity 11.11 m/s (40 km/h)
Calculated acceleration time on the dirt road, s (no 10
more) to velocity 8.33 m/s (30 km/h)
Maximum value of the dynamic factor (not less) 0.8
Table 2
Characteristics of the TM M73

Indicator Value
TM mass, kg 88
Dimensions (diameter x length), mm 483 x 232
TM maximum power, kW 150
TM maximum long-term power, kW 120
Maximum rotation speed, rpm 3100
Maximum long-term torque, Nm 1050
Maximum short-term torque 2050
(less than a minute), Nm

In accordance with the proposed algorithm:
1. Power required to reach maximum velocity

— (GM S/ +kF Vilax )Vmax —

wallcb

N
Vmax

2
117720-0.045+0.65-4.0875- 651716
36) |3.6

= & =181692 W,
0.98-{0.95-0.018 —
3.6
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where the frontal area of the vehicle is
F=B(H - h)=2.5(2.035-0.4)=4.0875 m’.
2. For the TM M73, having a long-term power of
120 kW, two TMs will suffice — one for each driving
wheel (board).
3. The gear ratio of the wheel gears for these TMs
will be

73100
iy = 2 max R _ 30 —.0265=4765.
vmax i
3.6

4. We determine the maximum values of the traction
force and the dynamic factor of the vehicle at the moment
of start at v = 0 for the short-term mode and at v = vy, for
the long-term mode:

AST .
PAST _ M5 7M maxiwewellcp
HAST _ -

Rpw
_ 2-2050-4.765-0.98-0.95 — 68636 N:
0.265
AST
pAsT _hi=o _ 68636 _ 405
Gy 117720
L .
L _ MsTv maxiwawallcn _
V=Vmin
Rpw
2-1050-4.765~0.98-(0.95—0.018356j
= —=34230 N;
0.265
P,
i Do 34230 o)
mn Gy 117720

5. We calculate the gear ratios of additional
gearboxes:

LL
.D Diax 0.8
[ = =——=2.75>1;
add — pLL 0291
0.065 - c0s35° +sin35°
2, = =2.154>1.
add = pLL 0.291
V=Vmin
The values obtained indicate that in this
configuration, the electromechanical drive for the

conveyor tractor will not meet the requirements of either
point 2 or point 6.

6. To solve this problem, it is necessary either to
increase by 2.75 times the total torque at the TM, or to
introduce an additional reduced stage in the wheel gears
with an additional gear ratio of 2.75.

Consider the first solution of the issue.

The increase in the total long-term TM torque is
possible either by switching to a higher torque TM or
increasing their number. In our case, there is only an
opportunity to apply a larger number of TMs M73
accepted for calculation.

We estimate the power that will be consumed by 6

TMs M73 when implementing DVL:LVmin =0.8. In this
case, the traction force should be
RY, =D, G =08-117720=94176 N.
Accordingly, the total torque of all six TMs will be

LL
P R
LL —Ymin DWW
M$Ta max = .V . =
wanwallcp
_ 94176-0.265 - 5778 N
4.765-0.98-(0.95—0.018]
3.6
Their rotation speed will be
Vigiwe %-4.765 1
oy =S = 2 =2497 s
™M R 0.265

The mechanical power consumed will be just
Np max = @iy MEER o =24.97-5778 =144299 W,

which is completely valid.

We consider the second solution.

In this case, we leave two TMs M73 and add a lower
stage in the wheel gears with gear ratio

i, =iy - ime =4.765-2.75=13.1.

7. Let us check the fulfillment of requirements 2 — 5 for
both options by carrying out traction calculation in
appropriate road conditions taking into account the
limitations on the possibilities of the power plant, generator
and storage devices. We take the maximum total long-term
mechanical power of all six TMs M73 equal to 200 kW.

Then the dependence of the total torque of all 6 TMs
on the rotation speed of the armature will correspond to
the curve shown in Fig. 1. And, respectively, the graph of
the dynamic factor for a vehicle with 6 TMs M73,
calculated by the formula

M$fyiwenwelicp 2
D= Rpw ’
Gy

will have the form shown in Fig. 2.
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Fig. 1. Total torque of 6 TMs M73 at power limit 200 kW
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Fig. 2. Dynamic factor of the conveyor tractor with 6 TMs M73
at power limit 200 kW

Respectively, for two TMs M73 and two-stage
wheel gear, graphs of the total torque and dynamic factor
are presented in Fig. 3, 4.
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Fig. 4. Dynamic factor of the conveyor tractor with 2 TMs M73
at power limit 200 kW

To verify the requirements of 2-5, 3 variants of
calculations were carried out for the vehicle accelerating
on a horizontal surface:

e 6 TMs M73, single-stage wheel gears with iy =
=4.765;

e 2 TMs M73, two-stage wheel gears with gear ratios
—reduced i; = 13.1 and normal iy = 4.765, acceleration
from the transmission of the normal series without
switching in the process of movement;

e 2 TMs M73, two-stage wheel gears with gear ratios
—reduced i; = 13.1 and normal i = 4.765, acceleration
from the lower stage with switching during movement.

Also, calculations were carried out to determine the
maximum velocity of the vehicle to climb 35° on the dirt
road in two versions:

e 6 TMs M73, single-stage wheel gears with iyg =
=4.765;

e 2 TMs M73, two-stage wheel gears with gear ratios
—reduced i; = 13.1 and normal g = 4.765, acceleration
and movement in low gear.

The results of the calculations are given in Table 3.

Analysis of the results obtained. The variant of
construction of the EMT for the MT-LB conveyor tractor
with two TMs M73 and single-stage wheel gears was
removed from consideration as not allowing to provide
for points 2 and 6 of the «Requirementsy.

The remaining three options for construction
suggest:

o six TMs M73 (three per board) with two single-stage
wheel gears (one per board);

e two TMs M73 (one per board) with two two-stage
wheel gears (one per board) with the possibility of
activating a lower row when stopping the vehicle to drive
in heavy road conditions;

e two TMs M73 (one per board) with two two-stage
wheel gears (one per board) with the possibility of
sequential activation of the reduced and normal rows in
motion, both during acceleration and deceleration.

The requirements for mobility of LACWYV,
prescribed in [1, 2], are underestimated and, in fact, repeat
the parameters of a vehicle with a classic mechanical
manual transmission. All three retained for consideration
options for building EMT confidently meet the
requirements.

The best performance of the mobility of the
conveyor tractor has EMT, consisting of six TMs M73
(three TMs per board) with two single-stage wheel gears
(one per board). However, its use leads to an increase in
the drive mass by 352 kg and cost — at the cost of four
additional TMs M73 compared to a transmission
containing 2 TMs M73 and 2 single-stage wheel gears.

Table 3
Results of calculations of the mobility of the conveyor tractor at power limit of 200 kW
2 TMs M73
. . 6 TMs M73 Acceleration in the | Acceleration with
Indicator name Requirement oo
normal row switching
MH RMH MH RMH MH RMH

Rise velocity with slope 35° 1389 (5) 2.408 2.522 B B 2408 | 2.522
not less, m/s (km/h) ) (8.67) (9.08) (8.67) | (9.08)
Calculated acceleration time on the highway, s (no 29.622 20.335 30.64 | 21.286 | 29.629 | 20.341
more) to velocity 095V, —17.153 m/s 60 100 % 100 % 349 | —47% |-0.02%|-0.03 %
(61.75 km/h)
Calculated acceleration time on the highway, s (no 15 8.153 7.063 9.17 8.014 | 8.159 | 7.069
more) to velocity 12 m/s (43.2 km/h) 100 % 100 % —12.5% [—13.5 %|—0.07 % |-0.08 %
Calculated acceleration time on the dirt road, s (no 10 5.879 5.141 7.064 6.245 5.884 | 5.147
more) to velocity 10 m/s (36 km/h) 100 % 100 % —20.2 % |-21.5%|-0.09 % [—0.12 %
Maximum long-term value of the dynamic factor 08 0.896 0.924 0.299 0.308 | 0.821 0.847
(not less) ) 100 % 100 % - - —8.37 % |-8.33 %

The smallest weight and cost when losing the first
option in mobility from 3 % to 21.5 %, depending on the
indicator and the type of hinge of the tracked propulsion,
has the option with two TMs M73 and two two-stage
wheel gears with the ability to turn on the reduced row

when stopping the vehicle for movement only at heavy
road conditions. In this case, it is possible to avoid
friction discs in a two-stage planetary gearbox, and to
organize switching by means of gear couplings by
analogy with the reversing onboard gear of the fighting
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vehicle «Oplot». In contrast to the first option, an increase
in the mass of the drive is expected to be in the range of
only 160-165 kg compared to a transmission containing 2
TMs M73 and 2 single-stage wheel gears.

The most promising, in our opinion, is the third
option, which very slightly loses to the first option in
mobility (from 0.02 % to 8.37 %), but in the case of a
properly designed wheel gear, it is possible to combine
the functions of stopping brakes and control range
switching clutches on the same friction devices. In this
case, weight increase is expected to 200 kg.

Conclusions and recommendations.

As a result of the presented work, a scientifically
based method was developed, which allows to find the
required power of the TM of the selected type when using
single- or two-stage mechanical gearboxes.

The obtained method allows the developer of an
electromechanical transmission to determine rational
limits for using single-stage mechanical gearboxes and, if
necessary, to choose a method for using two-stage
mechanical gearboxes sufficient to provide the specified
tactical and technical characteristics of military
equipment.
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