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Abstract. This paper considered implementation variations of the alternator and/or other units 

(systems) continuous mechanical drive from summing reduction unit, combined power flows 

from input and output gearbox valves. The three-link planetary mechanism is used in the sim-

plest case as a reduction unit. These principals could be used in the hybrid cars transmission. 

The main purpose of this concept is to provide an uninterrupted power supply to the vehicle 

electrical onboard system from the alternator, including cases of the engine off. Describing 

principles could be used in transmissions of the wheel traction transport vehicles and tracked 

vehicles with the hybrid propulsion system. Variants of double way transmission kinematics 

schemes are provided. The differential characteristics of the schemes are movement and steer-

ing abilities with the inoperable internal combustion or electric engines. It worth noting that 

such engineering solution have extra advantages. The steering control level is increasing, elec-

tromechanical drive could replace hydrostatic steering control transmission as a more chip, re-

liable and technical. 

1.  Introduction 

The number of an electric energy consumers and their power in transport vehicles are always increas-

ing. The units operational integrity, which providing vehicle movement and driving control, more of-

ten depends on the on-board electrical network. The oil pump with an electric drive, the power distri-

bution mechanism with an electromechanical drive of a control elements [1,2], the traction electrical 

motor as a part of the hybrid propulsion system [3,4], the hybrid power distribution mechanism [5], 

steering device, the electric power steering, etc. have already implemented in the automotive industry. 

The battery capacity without working alternator is not enough to ensure the all consumers operation. 

But the alternator does not work, when the engine is not running.  

The alternator or the reversible electric machine is a propulsion system part of almost any modern 

heat engine vehicle. The traction electrical motor, which could be made as the reversible electric ma-

chine, in the parallel/series type hybrid propulsion system could have a function of an alternator and a 

starter. However, this solution requires using the complex reduction gearbox with an electronic control 

device in the transmission for the implementation of all operation modes of the propulsion system.  

The operation of the alternator should be ensured for a vehicle towing, for example. Therefore, the 

reserve alternator driven by the driven shaft of the transforming mechanism could be used for cases of 

this kind. The low power alternator would provide systems for vehicle mobility in critical situations. 
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The alternator drive from a planetary gear set is alternative to drive from the heat engine. The plan-

etary gear set provides summing rotation speed of the engine drive shaft and the output shaft of the 

reduction unit. So, we could use all control systems during the towing operation. This solution helps to 

solve the problem with "the bump start". 

The planetary gearbox oil pump is also should be driven, when the engine is not running. Nowa-

days the most part of the vehicle manufacturers provide the oil pump driving from the torque converter 

pump wheel, which is part of the hydro mechanical transmission. The oil pump driving is indirectly 

provided from the heat engine output shaft. In this case it is necessary to limit the towed vehicle speed 

and the towing distance [6]. The towing is generally prohibited sometimes, and evacuation is recom-

mended by spec lift or flatbed recovery truck, which is unacceptable in many cases. 

2.  Results 

The principles of continuous mechanical drive Focus on the options of the electric alternator and the 

oil pump drive providing from the transforming mechanism. The connection with the ancillary com-

ponent is carried out through the link G. The output of the link G could be from the driving or driven 

link of the transforming mechanism, depending on the transmission layout. The latter case options 

shown in Figure 1. 

Figure 1, a: the plan is universal to the transforming mechanism type. The link G is an ring gear of 

a simple planetary gear mechanism which isn't include into the kinematic scheme of the actual trans-

forming mechanism. The rotation speed plan of the proposed planetary gear mechanism is shown in 

Figure 2. 

The changing of a direction of link G rotation in mechanism(when reversing) should be considered 

when using this plan, so it is necessary to provide a method for automatically reversing the driven al-

ternator and pump. 

 

  

a) c) 

  

b) d) 

Figure 1.Variants of the power take-off transforming mechanism(TM) organization: O - is the driv-

ing link, X - is the driven link and G - is driving link of the alternator and / or the oil pump; - is 

the connecting link1- isan arbitrary link of the planetary gearbox (special case TM) and T1- is the 

control element associated with an arbitrary link. 
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Figure 1, b: the plan for the planetary gearbox with more than 3 degrees of freedom. The link is a 

connecting link which isn't concerned with the gearbox controls. The enforcing conditions 

 sign const  is theoretically possible.  

The rotation speed of the link is  . The alternator and pump aren’t need in the reverse gear in 

these conditions. The plan involves using the one of the planetary gearbox rows. Such an approach 

makes it possible to reduce the transforming mechanism axial dimension in comparison with version 1, 

a. 

Figure 1, c and 1, d: the link G is included in the complex four-link mechanism (optionc - low-tech 

stepped satellites are used, option d - the plan with the concatenated satellites is used).The link 1 is one 

of planetary gearbox arbitrary main links connected to the control element T1. This simplifies the 

gearbox plan synthesis while retaining the other advantages of option 1,b. 

It should be noted that the kinematic plans options in Figure 1 are also applicable to solve the spe-

cific task of a parallel power flow driving of the high-speed tracked machine steering mechanism [7-

11].However, in this case, attention is being given to another drive feature. It becomes possible to pro-

vide a hyperbolic law of the design turning radius changing to the vehicle speed, this relation in tradi-

tional mechanisms is linear, which limits the average vehicle speed and causes heat engine underutili-

zation. 

 

Figure 2. Three-link mechanism velocity diagram, per-

formed according to the plan in Figure 1,a. 

 

The principle shown in Figure 1, b-d, could be used in the transmission of the hybrid power plant 

vehicle.The traction electrical motor could be made as the reversible electric machine and discard the 

alternator. Refusing to use a starter isn’t advisable, as itis quite compact, the transmission plan gets 

easier and the number of the transmission layout solutions are increasing.The connection host of heat 

engine and traction electrical motor engine is shown in Figure 3. It is named “parallel/series type hy-

brid” for thedouble-flows transmission with the central gearbox. 

The plan of the double flows parallel/series type hybrid propulsion system for the transport vehicle 

with central gearbox is shown in Figure 4,a. You could see that it is used another principlein the paral-

lel flow power distribution. The energy of the storage system 8 supply the traction electric motor for 

power input to parallel flow. The energy storage system is charged by the alternator 9 which is driven 

from the gearbox 3. Thus, the traction electric motor is a part of the tracked vehicle steering mecha-

nism. 

The double flows mechanisms are used in the tracked vehicles. The designing and the power, kin-

ematic aspects analyzing issues are considered in the fundamental literature sources [4, 6, 8, 12]. 

However, the problem of the transmission use for the hybrid propulsion system isn’t considered to this 

moment. 
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Figure 3. The transmission plane variants for the parallel/series 

type hybrid propulsion system of the transport vehicle with cen-

tral gearbox (see the Fig.1,a): 1 – power input from the heat en-

gine; 2 – converting mechanism (for example: gearbox); 3 – 

reduction gearbox; 4 – power input from the traction electric 

motor; 5 – power output to the final gear. 

 

The mechanism operates as a hybrid mechanism of the power distribution [13]. The steering device 

friction CR is on for the linear motion. The brake TR is on for the power redistribution between to the 

turn. At the same time the control element isn’t worked on the slipping mode [14], all types of turnings 

are provided by the traction electric motor. Two-steps reduction unit is providing size reduction of the 

traction electric motor. Considering transmission designing principle isapplicable for high-speed 

tracked vehicles weighting 8-30 tons. 

The plan of the double flows parallel/series type hybrid propulsion system for the transport vehicle 

with on-board gearboxes is shown in Fig. 4, b [15]. It commonly used for the special transport techno-

logical vehicle built on the main battle tank (military engineering vehicle, vehicle-launched bridge, 

vehicle to work in the radiation electrochemical reaction areasetc.). 

In this scheme the central shaft should be stopped by the brake T0 to provide neutral turn.  At this 

moment the friction C0 should be turned off. We note that in this casethe traction electric motor could 

be used as a heat engine starter. This starting mode is recommended only for the emergency conditions 

as it leads to the extra power loss. 

The operating modes 

Rectilinear motion using only the heat engine. The heat engine is connecting with input shaft of the 

transmission and traction electric alternator main power way. The economic operating mode is prefer-

able. There is no mechanical connection between the engine and the transmission parallel power way. 

The traction electric motor is connected to the parallel power way by the reduction unit P. The reduc-

tion unit transmission ratio is selected for the traction electric motor according to provide the whole 

range of the turning radiuses. Symmetrical spur-gear differential with two control elements (brake TR 

and locking clutch CR) is set up in the parallel power way. During the rectilinear motion traction elec-

tric motor is turned off, the parallel power way isn’t used: the brake TR and clutch CR are turned on 

(the planetary gear set is locked).  

Rectilinear motion is stable. The traction electric alternator output energy is accumulated in the en-

ergy storage device. It could be used to other consumers supply connected to high-voltage network. As 

the traction electric motor of domestically made cars should be used next to 50% of the vehicle 

movement time, the traction electric alternator power could be less than traction electric motor power 

by 20-30%. 

The turning using the heat engine and traction electric motor. The clutch CR is turned off, brake TR 

(transmission ratio of the planetary gear set D is (-1)). The traction electric motor turns on (the rotation 

direction is chosen by the vehicle turning direction). The same gears are selected for the both on-board 
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gearboxes (the using of low range gear forlow speed track gearbox could be considered). According to 

the kinematics of the double flows steering device, the speed of the high-speed track increases and the 

speed of the low-speed track declines, because the boards differential connection. The traction electric 

motor supply is provided by energy storage device and traction electric alternator, therefore the sum 

wheel power could be higher than the engine powerfor a short time. 

Neutral turning using onlytraction electric motor. The traction electric motor maximum power 

should be selected according to opportunities to provide this mode.  

When the main power flow fails, the vehicle could use only traction electric motor for rectilinear 

motion when failing engine (fallback mode). In that case, the low range gear of the low speed track 

gearbox turns on or the output shaft stops. The minimum turning radius is equal to a half of the track 

width.  

Rectilinear motion using heat engine and tracked electric motor (accelerated mode). In that case, 

the both power ways are used. The mode is applied to achieve the maximum speed. The parallel flow 

clutch CR turns on. 

Rectilinear motion using only tracked electric motor (fallback mode). When the main power flow 

fails (the main power flow shafts are stopped, for example, by the dynamic braking modes) the trac-

tion electric motor could be used to move the vehicle for a short time. The parallel power flow clutch 

CR turns on. The stopping on-board brakes are used for the steering control system because the low 

vehicle speed. The energy storage system supplies the movement. The development of the SPBTU 

specialist could be implemented in such transmission design [16-18]. 

 

a)  
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b)  

Figure 4. Kinematic diagram of double-flows transmission: a –with central gearbox; b –with 

on-board gearboxes; 1 –power supply from engine; 2 – coupling mechanism; 3 – gearbox; 4 –

summing planetary gear set; 5 – differential with clutches CR and TR; 6 – track gear reducer; 7 

–power transfer to the drive wheel; 8 – energy storage device; 9 – traction electric alternator; 

10 – tracked electricmotor; 11 – parallel flow reverse gear; 12 – tracked gearbox; 13 – drive 

wheel; 14 – internal combustion engine; C0 – central clutch; T0 –brake. 

 

Table 1.Vehicle operation modes. 

Operation modes 
With the central gearbox 

With the on-board track gear-

boxes 

Tracked electric 

motor 

Activated con-

trol elements 

Tracked electric 

motor 

Activated con-

trol elements 

Rectilinear motion 

using only the heat 

engine 

Off TR and CR Off TR, C0 and CR 

The turning using the 

heat engine and trac-

tion electric motor 

Engine-on 

mode with a 

given rotation 

direction 

TR 

Engine-on 

mode with a 

given rotation 

direction 

C0 and TR 

Neutral turning using 

only traction electric 

motor 

Engine-on 

mode with a 

given rotation 

direction 

TR 

Engine-on 

mode with a 

given rotation 

direction 

T0 and TR 

Rectilinear motion 

using heat engine and 

tracked electric motor 

(Accelerated mode) 

Engine-on 

mode 
CR 

Engine-on 

mode 
CR 

Rectilinear motion 

using only tracked 

electric motor 

(fallback mode). 

Engine-on 

mode 
CR 

Engine-on 

mode 
CR 



IV International Scientific and Technical Conference “Energy Systems”

IOP Conf. Series: Materials Science and Engineering 791 (2020) 012025

IOP Publishing

doi:10.1088/1757-899X/791/1/012025

7

 

 

 

 

 

 

The turning using only heat engine (fallback mode). When the parallel power flow fails, tracked 

gearboxes or on-board stopping brakes is used to control vehicle movement. The brake TR and the 

clutch CR (sun gear of the summing planetary gear set is stopped) should be turned on in both variants 

of the parallel flow. The vehicle could be used for moving and fighting. 

Both plans shown in Figure 4 provide the possibility to control the vehicle movement in case the 

traction electric motor or the vehicle electrical onboard system fails. When the transmission with cen-

tral gearbox is used, the speed should be low and on-board stopping brakes should be used for steering 

control.  

When the transmission with track gearboxes is used, low range gear or stopping brake for low 

speed track gearbox is turned on to provide steering control fallback mode. This principle is used in 

the serial Russian tanks.  

All operation modes for the kinematic diagram (Figure 4) are shown in the Table 1. 

3.  Discussion 

The special aspects of the drive kinematicsare considered in this section. The connection between the 

planetary gearbox and the traction motor is carried out through the link G. The transforming mecha-

nism in addition to the gearbox may includethe hydrodynamic transmission could be included in the 

transforming mechanism in addition to the gearbox. 
The gearbox kinematic scheme must provideall operating modes of the power plant: 

 operation of the heat engine (The traction electrical motor works in alternator mode); 

 multiple operation of the heat engine and traction electrical motor; 

 operation of the traction electrical motor; 

 neutral; 

 parking. 

Such principle of the connection between the gearbox and traction electrical motor allows to elimi-

nate the use of the complex reduction gearbox that reconciles the operation of the heat engine and trac-

tion electrical motor isn't not necessaryif we use describing principle. 

The drive principle described above could be used in tracked transport vehicle transmission that 

provides the principle of a parallel/series type hybrid, the same as such wheeled vehicles transmissions 

with tracked electric motor as part of the power distribution mechanism [19,20,21,22]. The lubrication 

system pump of the planetary gearboxes, for example.  

The inventive drive method isuniversal, and it could be used for all gearbox types. But an addition-

al summing planetary gear set is necessary in a helical or spur gearboxes, it complicates the transmis-

sion that isn't always economically acceptable. Such function in the planetary gearbox can be per-

formed by one of the planetary gears set with minimal complication in the construction. 

4.  Conclusion 

According to the results of work, Russian patents [23-25] were obtained. 

1. The possibility of organizing the alternator and / or an oil pump drive using a differential mecha-

nism which combines the input and output links of the transforming mechanism was shown. 

2. The direction changing of the leading link in such drivesshould be, therefore it is necessary to 

provide the pump or alternator reverse. 

3. This principle of communication with the transforming mechanism could be use in new plan de-

velopment of the implementing hybrid transmission. 
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