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TRANSMISSION FOR ELECTRIC TRANSPORT AND FOR ELECTRIC
AND HYBRID VEHICLES
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Abstract. The article proposes the design of a simple trassion that allows, in the entire range of
motion, to automatically change the torque and gato on the driven shaft. It allows the drive
motor in all driving modes from the moment of strtoperate at optimal speed with full power
output. For electric transport, it is importanttttize traction motor works efficiently in all modes
motion. The proposed device provides this. Theafssuch a transmission in hybrid vehicles, and
especially in electric vehicles, is the most cdf&eative and allows overcoming and simplifying
some of the complex elements of technological Bmist

TPAHCMHUCCHS V151 SJTEKTPOTPAHCHHOPTA U 1J151
IJIEKTPUYECKHUX U T'NBPUJIHBIX ABTOMOBUJIEN
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KiroueBble cioBa: T1UiaHeTapHbli auddepeHnuan, TeHepaTop TOKa, KPYTANIMA MOMEHT,
K03 PHUIMEHT TIepeaTOTHOTO OTHOIICHHUS, CHHXPOHHBIN 3JICKTPOIBUTATENb.

AHHOTanusA. B craTthe mpemioxkeHa KOHCTPYKIHS MPOCTOH KOPOOKH Iepenad, MO3BOJSIONICH BO
BCEM JTHAIIa30He IBMKCHUS aBTOMATHICCKH N3MEHATH KPYTALIMA MOMEHT M IIepeaTOYHOe YHCIIO Ha
BEJJOMOM Bally. DTO MO3BOJSIET MPUBOJHOMY JIBUraTENI0 BO BCEX PEXUMAaX JIBIKEHUS C MOMEHTA
3amycka pa0oTaTh Ha ONTUMAJIbHBIX 000pOTaX C TONHOM oTmaded wmommHOCTU. Jns
JJIEKTPOTPAHCIIOPTa BAXKHO, YTOOBI TATOBBIA ABHTaTelbh padoTall 3(PPEKTUBHO HA BCEX PEHKHMAX
newkenus. [Ipennmaraemoe ycTpoiicTBO obOecrieunBaeT 310. VCnoiap30BaHUE TaKOW TPAHCMUCCHUU B
THOPHUIHBIX aBTOMOOWJISX, © OCOOCHHO B 3JICKTPOMOOWIISX, SIBJISETCS HanOOJee 3KOHOMHYCCKH
BBITOMHBIM W TIO3BOJSIET MPEOAONETh W  YHOPOCTUTH HEKOTOPHIE CIIOKHBIE  3JICMEHTHI
TEXHOJIOTHYECKUX PEIICHHUH.

The transmission for most vehicles can be confdjaeeording to the scheme
presented here. Such a transmission may be pnmasdéful for electric or hybrid
vehicles, but is quite applicable to conventionadscwith an internal combustion
engines, well as for rail electric transport. Thansmission in automatic mode
provides the entire required range of torque caigarand gear ratio. It consists of
three main elements: a planetary asymmetric difteag auxiliary electric motor
located on the traction motor shaft and a genei@anected to it, whose rotor is
located on the drive shaft. The principle of itegtion is based on comparing the
force necessary for the movement of the vehiclé wiirrent strength arising from
the generation of current by the generator, takitg account the asymmetry of the
differential. The scheme for implementing such htsan for electric transport is
described in [1] and shown in Fig. 1.
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Fig. 1. Transmission scheme: 1 — drive shaft, Betec motor rotor, 3 — motor stator,
4 — coupling, 5 — generator rotor, 6 — generattost 7 — the crown of the planetary
differential, 8 — satellites, 9 — planetary diffietial carrier, 10 —central wheel, 11 — driven
shaft

Drive shaft 1 is connected to the rotor mountedtafi the electric motor 2,
with the generator rotor 5 and with the centralrgdahe planetary differential 10.
One differential output, its carrier 9 with the ediites 8, connected to the driven
shaft 11 and transmits rotation to the shaft, &edsecond output of the differential,
its crown 7 rotates freely on the drive shaft andnected to the generator stator 6.
The generator stator 6 and its rotor 5 form the btuotation machine. If
necessary, a second output of the differential thedstator connected to it can be
fixed by the coupling 4 connecting it to with hullhe motor stator 3 is mounted on
the housing and connected to it. When drive shafitdtes, carrier 9 rotates in the
same direction, but increases the torque and redilgerevolutions of the driven
shaft 11 proportional to the gear ratio of the ptany differential. The second
output of the differential, its crown 7, tends tdate in the opposite direction., but
if there is an electrical load in the generatocuir, then there is electrical induction
force, entraining the stator 6 behind the roton8@ partially blocks the differential,
increasing the speed of rotation of the driventshaf When an increase in the load
on the driven shatft, it slows down, the slidingven rotor and stator increases.
Output connected to generator stator slows dowatioot, even stops and rotates in
the opposite direction, and torque is transmitted greater extent through the gears
of the differential, gear ratio and torque on thigeh shaft increases. Both channels
transmit rotation to the driven shaft. If necessavizen the stator is stopped, the
generator is used to start the traction synchromtertric motor. The synchronous
motor has a number of advantages. These are efficiesmaller dimensions and
weight with the same power, high overload capadityuse is complicated by the
fact that it only works at constant speed. Thisl@xrg its rare use in transport,
where engine speed cannot be constant. But inrbgoped transmission scheme,
any engine can operate at constant speed from dineent of start, and the change
in gear ratio and torque is made in the transnmssi@chanism. A synchronous
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electric motor connected to the network is econaiat idle. When a load appears
on the motor shaft, it maintains speed, automdyidalcreasing its power. He
doesn't need control. But the transmission can wattk any motor.

The main advantage of such a transmission is thahwhe load on the driven
shaft increases, it slows down, the rotation isdnaitted to a greater extent through
the gears, while the torque on the driven shafteiages and, conversely, when
lightened the load on the driven shaft, it accéé=aand the gear ratio transmission
iIs automatically reduced. Is only need to conti@ pperation of the generator.
With an increase in the current generated by theerggor and an increase in the
induction force that occurs between the rotor aatios of the generator, the slip
between them decreases, the rotation of the diffialeelements relative to each
other decreases, and the movement on the driveéhisheaansmitted to a greater
extent through the rotation of the differential @md the axis, while the total the
gear ratio decreases, the speed of rotation ofiilven shaft increases. The torque
on the driven shatft, in the case of using suclaastnission, increase by 2.5 times
relative to the torque capability of the electriotor used. This greatly simplifies
and reduces the cost of the design, and if we tale account the fact that a
synchronous motor is much more economical thanodimgr, and that it operates in
the optimal mode during the entire movement, thgediency of using of such a
transmission can be considered undeniable. Suahcegase in torque is sufficient
for dynamic acceleration.

The electric current generated by the generatarnstto the network, and
also feeds the traction motor, the excitation wmgdiif the electric motor is
synchronous, as well as other consumers. With tie¢hod of transmission of
rotation on electric trains, there will be no nefed a gearbox connecting the
traction motor with a wheel pair, as well as anengwve and still imperfect high-
voltage element base for control It is importardth the engine and the generator
are rigidly mounted on a common shaft. There isi@ed for current collectors for
power transmission, which means that the resowftiejency and reliability are
increased. Generators of this power have an efigi@f eighty-five percent. Both
differential outputs rotate the driven shaft in #eme direction, and the energy
generated by the generator is also fully utilizeih losses up to five percent.

For an electric vehicle, it must also be taken @toount that the efficiency
depends heavily on the load of the traction motomd when using such a
transmission, power can be divided into a tractwotor and an auxiliary one,
ensuring optimal load in various. Typically, the ximum efficiency range is
between half load and eighty percent of maximumegroWwWhen the motor delivers
less power, losses increase. During operationrderao maintain high efficiency,
the traction engine of the vehicle should be loaneinly 0.6-0.8 of the optimal
load. In many cases, during operation, the vehérigine is loaded at a lower
power. This leads to a decrease in efficiency,de@ease in efficiency.

The torque of such a differential is limited. Ths detailed in [2]. Its
maximum value can be reached under the conditianttie crown and the central
wheel are taken in the ratio of 1.618. With sucht@ of the number of teeth of the
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gears of the crowrg{) and central wheely,), the gear ratio of the planetary gear
to the driven shaficarier:
icarrier = 1 +Zer [ Zow = 2.618....

The torque can increase up to this value from t¢ingue value on the drive
shaft. But the energy of the drive shaft is dividetd the carrier and the crown, and
from the central wheel to the crown, the momens acthe opposite direction with
the gear ratio:

icarrier = ~Zor | Zow = —1.618...

The crown, on the other hand, transmits rotatioth&carrier from the force
that drags the stator behind the generator rotbictwis connected to the drive
shaft, acting in the direction of rotation of theivé shaft. Its value can be
determined through the gear raitjo

e =1+Zyw/zy=1+1/1.618... =1+ 0.618... =1,618...

This force counteracts the reverse torque and basam, which allows you to
get a torque on the driven shaft that is 2.6 tithestorque on the drive shaft. With
an increase in the gear ratio of the planetary,gi@& maximum torque on the
driven shaft decreases, and with a selected rati@gponding to the number the
balance of forces in the planetary differentiabliserved to ensure the transmission
of torque to the driven shaft. If the ratio of ttrewn gears and the central gear, for
example, is set equal to two, then the gear ratithe carrier will be equal to three.
But on the driven shaft, the torque will not ingeabut decrease, because the gear
ratio from central wheel to the crown will incrededwo, and decrease to one and a
half from the crown, and this will lead to a decea&f the gear ratio on the driven
shaft to two and a quarter. When accelerating ackelwith such a transmission,
the engine operates in the optimal mode, thereoiglatch mechanism, and the
electric motor will add another third of the tractiengine power. This provides
enough momentum during acceleration.

Both outputs of the differential rotate the drive@maft in the same direction,
and the energy generated by the generator is allyoutilized, losses are minimal.
Modern generators of this power have an efficienfogighty-five percent. But, one
way or another, electricity is in any case necgs$ar the operation of vehicle
systems, for excitation power, if the electric mra synchronous [3], for battery
charging, for lighting and heating, therefore sitincorrect to consider losses when
comparing transmission in terms of efficiency. Tparcent is lost in the planetary
gear. One percent of the traction drive power ballconsumed by the inverter. It is
necessary to add another percentage for lossesis and bearings. It turns out in
any case less than in modern transmissions. Irtiaddin such a transmission there
is no large increase in losses with the developroktite resource, the losses grow
insignificantly.

Such a transmission operates automatic, and ifssacg electronically
controlled throughout the entire range [3]. No shihg, no disconnection of the
engine from the driven shaft. The engine always ratroptimum speed. Even at the
start, when the vehicle is stationary, the tractiootor operates at optimal speed,
while the generator stator rotates in the oppabrection, and the maximum torque
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is realized on the driven shaft. Both the eleatniator operating in the generation
mode and, in fact, the generator can participateauperation during braking. An
additional power impulse during start-up and aceg¢iien can be given by a
generator used as an engine, the stator of whiat beucoupled to the housing.

For the electric vehicle there is another amazimg) \zery useful property of
such a device. The magnetic field strength crelhyethe permanent magnets of the
generator, made of modern magnetic materials, eseat electrical induction in the
circuit, which makes it possible not only to enstire rotation of the generator by
the electric motor, but also to obtain additiona¢mgy that can be used to charge
the batteries during periods of stop when the iwaanotor is turned off. To do this,
you need to give a rotation impulse for startingpreected on a common shatft, the
rotor of the electric motor with the rotor of thengrator, with the stator fixed by
the coupling to the housing. It is known that tmergy of a magnet can be used,
and is already being used, to increase the effigiasf electrical machines. For
example, a synchronous generator, with an effigiesfc98 percent, spends up to
ten percent on excitation power. If you replacerdor with a permanent magnet
rotor, then these costs will disappear. This probatbes not mean that the
efficiency has become more than one, but onlytti@energy of the magnet is used
here. There are highly efficient electrical mackiaéso new electric motors that use
the power and energy of a permanent magnet, fompbkg an electric motor
developed in Rostov by a group led by G.M. Kornil@uch an electric motor
allows you to get much more power on the shaft amegbto costs. This allows you
to get an excess of energy using the energy ofrmgeent magnet. The proposed
vehicle transmission device will in the future allcautonomous charging and
heating of the battery in the parking lot and, with urgent need, not to use
charging stations.

This transmission can be used on conventional ieshiwith an internal
combustion engine. Such a vehicle will not needaatey, generator and clutch
mechanism. Due to the high responsiveness of maktsystems, such a
transmission can be used as an anti-lock systemglbraking and traction control
during acceleration.
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