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The article considers the issues of digital modeling of dynamic processes in the transmissions of transport 
vehicles. The purpose of this research was to develop an algorithm for numerical mathematical modeling 
of dynamic processes in the transmissions of transport vehicles using modern digital software packages. 
The method includes a systematic approach to the study of dynamic processes during switching, based 
on modeling the operation of the gearbox together with the internal combustion engine (taking into 
account its dynamic, speed and load characteristics). The order of application of the MATLab – Simulink, 
Simscape software packages for numerical simulation of dynamic processes is considered. Using 
the fundamental blocks of these applications, models of physical components are created: the internal 
combustion engine, friction clutches, gearboxes, elastic shafts, damping devices, and tractor power 
transmission control systems. A digital model of the tractor transmission is created, its design scheme 
is given, and the initial characteristics are set. It was used to simulate dynamic processes in the tractor 
gearbox. The main attention in this paper is paid to the application of the proposed method for calculating 
the dynamic processes in the gearbox during gear changes under load with forward and reverse switching, 
including the simultaneous use of several friction clutches.
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Introduction
Dynamic processes in vehicle transmissions, 

particularly when shifting gears in a change 
gearbox (CG), are complex owing to the presence 
of inertial elastic links, such as flexible shafts, 
gears, and engine flywheels. This is particularly 
true in tractor transmissions, where gear shifting 
occurs under load, necessitating the absence 
of a power flow break in the machine transmission 
during gear changes.

In this context, the analysis of the gear shifting 
process is one of the most complicated types of 
transient processes in transport and traction 
machine transmissions [1–5]. Gear shifting is 
performed in the CG under consideration using 
frictional control elements (disc friction clutches). 
When shifting gears, several friction clutches may 
work simultaneously. The current calculation 
methods do not fully reflect the dynamic 
processes in the CG while switching stages under 

load with the simultaneous use of several friction 
clutches [6–9].

The difficulties of analyzing working processes 
in automotive vehicle transmissions and gear 
shifting control have been addressed in previous 
studies [10–13]. The use of modern software 
tools for engineering calculations, such as 
the MATLAB package, which includes Simulink 
and Simscape, can ease the implementation 
of dynamic power transmission calculations.

This study is aimed at developing an algorithm 
for numerical mathematical modeling of dynamic 
processes in vehicle transmissions based 
on a systematic approach to the study of dynamic 
processes when gear shifting in a CG.

Problem-solving method
Modern software tools for engineering 

calculations proposed for digital modeling 
of dynamic processes in vehicle transmissions 
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in this work include the MATLAB package 
applications, Simulink and Simscape [14, 15]. 
The dynamic calculations of power transmissions 
can be significantly simplified as a result. The 
MATLAB packages, Simulink and Simscape, 
provide fundamental blocks for modeling 
physical components, such as an internal 
combustion engine, control friction clutch, gear 
reducer, resilient shafts, dampers, and other 
power transmission components. Simscape 
automatically deduces differential equations that 
characterize system behavior from a model that is 
similar in appearance to a kinematic diagram.

The method and procedure for using the 
MATLAB package for analyzing dynamic 
processes in transport vehicle transmission 
are considered in the example of modeling 
the operation of the gearbox of an agricultural 
tractor (Kirovets K-744).

Based on the known kinematic, inertial elastic, 
and damping parameters of the gearbox, a Simscape 
model for simulating dynamic processes was 
developed. Figure 1 depicts the CG model.

In Figure 1, the gearbox shafts are presented 
as standard library blocks. The inertia of the 
driving and driven masses of friction clutches, 
and gears fixed on the shafts, are characterized 
by the flexible shaft, which describes the elastic-
damping and inertial properties of the sections 
at the connection points of the inertia blocks.

The input shaft of the gearbox is represented 
by sections connected at the input to the engine 
port and at the output to the subsystems F, which 
represent friction units.

Four Gear blocks and two M blocks are used 
to specify the gear properties. Shaft bearings 
supports are represented by blocks with D pivot 
bearings.

The transfer shaft is represented by a section 
connected to the load outlet port.

“Friction unit” F subsystems represent 
block diagrams of the same type, corresponding 
to Figure 2.

The following basic typical blocks are included 
in CG Simscape models:

A typical disk friction clutch block is a friction 
clutch with sets of friction discs. The clutch is bi-
directional, allowing it to slide in both positive 
and negative directions. The block provides 

Fig. 1. Simscape model of the mechanical gearbox system

Fig. 2. Friction unit subsystem
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a physical signal input port for applied pressure 
to the friction discs. The window of the block 
parameters is presented in Figure 3.

Typical block inertia is an ideal mechanical 
rotational inertia, in which the parameter 
window comprises the moments of inertia 

Fig. 3. Disk Friction Clutch block parameters window

Table 1. 

Moments of inertia of the gearbox rotating masses

Seq No
Designation  

of mass
Moment of inertia, 

kg·m2

1 Inertia_1 0,25
2 Inertia_2 0,10
3 Inertia_3 0,25
4 Inertia_4 0,10
5 Inertia_5 0,25
6 Inertia_6 0,10
7 Inertia_7 0,25
8 Inertia_8 0,10
9 Inertia_9 0,15

10 Inertia_10 0,25
11 Inertia_11 0,15
12 Inertia_12 0,20
13 Inertia_13 0,15 Fig. 4. Control subsystem

values of the gearbox rotating masses, as used 
in the model in Figure 1 (Table 1).

A typical simple gear block represents 
a gear set with a fixed gear ratio. The gear ratio 
is calculated as the ratio of the number of teeth 
on the driven wheel (port F) to the number 
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of teeth on the driving wheel (port B) – (NF/NB). 
Gear ratios are entered in the parameter window 
of the block (Table 2).

The Simscape blocks connected in series, 
namely the control block, the engine block, 
the transmission block, the load block, and 
the monitor block of the calculation results 
visualization, are represented by the generalized 
transmission model of a tractor with an engine.

Figure 4 depicts the control subsystem 
is. The signal builder block in the subsystem 
generates control actions for the friction units 
F_1, F_2, F_3, and F_4 of the gearbox and the fuel 
supply to the throttle engine cylinders. The gain 
blocks convert friction clutch control movements 
into pressure with a maximum value of 0.9 MPa 
and fuel supply as a percentage of the maximum 
value (100%).

Figure 5 presents the subsystem engine, which 
includes the 2-D lookup table block.

The 2-D lookup table block matches the input data 
with the output value by searching or interpolating 
a table of values provided by the block parameters. 
The parameters of the external and regulatory 
characteristics of the engine are represented in the 
matrix of the 2-D lookup table block.

Fig. 5. Engine subsytem

Table 2. 

Gear ratios

Seq No
Designation of a pair 

of toothed wheels
Gear ratio

1 Gear_1.71 1,71
2 Gear_1.41 1,41
3 Gear_1.17 1,17
4 Gear_0.97 0,97
5 M_0.83 0,85
6 M_1.74 1,70
7 M_2.43 2,43

The load subsystem uses the signal builder 
block to generate loads on the transmission output 
shaft in the mode of constant resistance torque 
or constant power.

Results and discussion
The following are the results of applying 

this model to numerically simulate dynamic 
processes in the CG during gear shifting. Control 
commands are sent to the CG friction control 
elements at certain points in time to turn on/off 
the corresponding friction clutches to calculate 
the gear shifting process.

Figure 6 illustrates the type of control actions 
used in a numerical simulation of starting a tractor 
from a standstill and acceleration with upshifting 
from the first to fourth gear.

Figure 7 presents the curves of changes in 
engine revolutions (upper curve) and torque 
Mengine (lower curve) derived by calculations 
during sequential shifting from first to fourth gear 
when starting the tractor from a standstill.

At the beginning of the machine movement 
process, the friction clutch F1 is activated 
according to a linear law of increment from zero 
to 0.9 MPa for 0.45 seconds. This takes into 
account the joint operation of the engine and 
transmission. At this time, the friction moment 
of the F1 clutch is the resistance moment for 
the  crankshaft and the driving moment for the CG 
input shaft. The engine speed decreases slightly 
(due to the increase in the frictional moment of the 
friction clutch F1) as the engine torque increases.

Subsequently, using two friction clutches, the 
CG switched from first to second gear (the F1 
clutch, which implements the first gear mode, 
is turned off, and the second gear clutch F2 is 
turned on).

An essential parameter influencing gear 
shifting dynamics is the duration of the overlap 
of the joint work of the two friction clutches.
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The overlap in the operation of the friction 
clutches refers to the period when one friction 
clutch (F1) is deactivated and the other friction 
clutch (F2) is activated. The overlap duration is 
determined by the command issuing algorithm of 
the CG control system, which controls the friction 
clutch activation/deactivation (Figure 6).

The proposed mathematical Simscape model 
of the CG allows for computational studies of 
transmission dynamics under various control 
laws by varying the moments and time intervals 
of activation of the frictional control elements, 
overlapping, and delays during their joint 
operation.

Figure 8 depicts the graphs of the dynamic 
processes that occur in the CG when shifting 
gears.

It presents the graphs of the change in 
revolutions and torques of the main CG links 
when the second gear is engaged with overlapping 
friction clutches 1 and 2 for about 0.15 seconds. 
As shown in the graphs, the torque M1, which 
is transmitted by the deactivating clutch F1, first 
decreases linearly to zero in the process of shifting 
from first to second gear. Simultaneously, the 
torque M2, which is transmitted by clutch F2 and 
engaged to implement the second gear in the CG, 
starts to increase linearly.

Fig. 8. Calculated curves on the input shaft  
when shifting from 1st to 2nd gear

Fig. 6. Signals of control actions to automatic 
transmission clutches (F1, F2, F3, F4)  

and fuel supply to the engine (T) when simulating 
the shift process from 1st to 4th gear

Fig. 7. Calculated curves of changes in engine 
speed with sequential gear shifting (from 1st to 4th)
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The torque of the activated friction clutch 
F2 tends to overcome the moment of resistance 
and continues to increase until it reaches 
the maximum value, accelerating the rotation of 
the driven clutch masses under the action of the 
free excess torque until the driving and driven 
discs of the activated friction clutch F2 are 
synchronized. The friction clutch skids as a result. 
The disengagement of clutch F1 does not reduce 
the speed of the output shaft. Therefore, a further 
joint operation of the two transmissions becomes 
impractical from the standpoint of ensuring the 
continuity of the power flow. An increase in the 
overlap time in the operation of the clutches will 
induce power circulation and clutch skidding. 
With optimal regulation of friction clutch 
activation/deactivation, power is transmitted in 
two parallel flows during gear shifting in the CG 
with no power circulation. This mathematical 
model allows a computational simulation of this 
process to be performed.

Following the completion of the revolution 
synchronization of the driven and driving parts, 
the torque in the activated friction clutch rapidly 
decreases to the value of the reduced moment 
of resistance.

Qualitatively similar processes occur when 
switching from the second to third gear, the third 
to the fourth gear, etc.

The nature of the change and peak values of 
the torques on the main links, the change in the 
revolutions of the links, and the time of the 
dynamic processes can all be accessed using 
mathematical modeling of this gear shifting 
process. The results of the analysis provide 
information on the parameters of friction clutch 
skidding, the occurrence of power circulation, etc.

Conclusion
1. Using the MATLAB Simscape software 

package, a method for numerical simulation 
of dynamic processes in transport vehicle 
transmissions is proposed.

2. A mathematical model of a wheeled tractor 
gearbox was created using the typical blocks 
of the MATLAB library (Simulink and Simscape), 
which provides a contemporary interface for 
receiving, processing, and visualizing calculation 
results in the process of simulating the work 
of the sample under consideration.

3. The proposed calculation technique enables 
effective virtual modeling of dynamic systems 

of vehicle transmissions, simulation of CG 
operation using several frictional control elements 
in different operating modes, with different 
time characteristics of control commands, 
and determination of the optimal algorithms 
for the CG control system.
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В данной статье рассмотрены вопросы цифрового моделирования физических динамических 
процессов в трансмиссиях транспортной техники. Целью данного исследования являлась 
отработка алгоритма численного математического моделирования динамических процессов 
в трансмиссиях транспортных машин с использованием современных цифровых пакетов 
программ. Методика включает системный подход к исследованию динамических процессов при 
переключении, основанный на моделировании работы КПП совместно с двигателем внутреннего 
сгорания (с учетом его динамических, скоростных и нагрузочных характеристик). Рассмотрен 
порядок применения пакета программ MATLab–Simulink, Simscape для численного моделирования 
динамических процессов. При помощи фундаментальных блоков данных приложений созданы 
модели физических компонентов: двигателя внутреннего сгорания, фрикционных муфт сцепления, 
зубчатых редукторов, упругих валов, демпфирующих устройств, а также системы управления 
силовой передачей трактора. Создана цифровая модель трансмиссии трактора, приведена ее 
расчетная схема, заданы исходные характеристики. С ее помощью проведено моделирование 
динамических процессов в коробке перемены передач трактора. Основное внимание в данной 
работе уделено применению предлагаемой методики для расчета динамических процессов в КПП 
при переключениях передач под нагрузкой при прямом и реверсном включении, в том числе 
с одновременным использованием нескольких фрикционных муфт.

Ключевые слова: трансмиссия, численное моделирование, коробка перемены передач, трактор, 
динамичесие процессы.
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