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1.	 Introduction

The mathematical model of a  gear system presented in 
this article is based on the principle of physical modelling 
of individual blocks representing elements of modelled 
transmission structure [1].

If the base data of the gearbox are known, the model of 
the gearbox inner structure can be built. The most important 
parameters for the calculation of epicyclic gear trains are 
fundamental ratios of the gearbox stages u

v1
 and u

v2
 and input 

performance parameters. The fundamental gear ratios define 
the internal structure of the gearbox. They are determined 
by the number of gear teeth in each stage of the gearbox. 
The performance parameters, after conversion from relative 
magnitudes obtained by simulation, determine the load on 
each element of the gearbox [2 and 3].

2.	 Gear train description

The calculated gear train (Fig. 1) is formed by two simply 
planetary gear stages, which are linked in series. The 1-st stage 
sun gear p

1
 is connected to the input shaft A  and the 2-nd 

stage carrier r
2
 is connected to the output shaft X. The 1-stage 

carrier r
1
 is connected to the 2-nd stage sun gear p

2
. Ring gears 

q
1
 and q

2
 in both gear stages are fixed to the gearbox case.

Fig. 1 Scheme of the solved two-stage epicyclic gear train  
(Source: authors)

3.	 Gear stage kinematics

The basic elements of the model are blocks of one-stage 
planetary gearbox defined by Mathworks Simcape Driveline 
software. The basic equation, which characterises the epicyclic 
gear train with 3 basic elements (sun gear p, ring gear q and 
carrier r - Fig. 2) and 2 degrees of freedom (DOF), is so called 
Willis formula [4]:

u u1p q v r v~ ~ ~- = -^ h,	 (1) 
 

where:	 ω
p
	 speed of the central wheel p (sun gear),
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4.1 Planetary gear block

Figure 3 shows the mask of the planetary gear block in 
Matlab/SimScape Driveline software.

Fig. 3 Planetary gear block (Source: [5])

The planetary gear block has three connection ports:
•	 C – Carrier,
•	 S – Sun gear,
•	 R – Ring gear.

This block allows to define the fundamental gear ratio of 
the planetary gear-stage, e.g. by the number of gear teeth of 
the sun gear p and ring gear q put to the block parameters 
interface. Torque and angular velocity can be calculated by 
this block either with or without losses in gear mesh with the 
possibility to take into account the impact of the temperature 
and also the viscous losses from bearing of the sun and planet 
gears.

4.2 Rotational reference block

The calculated gearbox is formed by two simple planetary 
gear stages, which are linked in series. Ring gears in both 
gear stages are fixed to the gearbox case. Modelling of this 
structural condition requires the usage of the general Matlab/
Simscape block library.

This task requires the mechanical rotational reference 
block (Fig. 4). This block ensures the zero speed of connected 
ports during the calculation.

Fig. 4 Mechanical rotational reference block (Source: [5])

4.3 Ideal torque source block

The calculation of speeds and torques of planetary 
mechanism elements formed by two stages requires to enter 
the initial values at the start of the simulation. Presented 
mathematical model has the input initial condition defined 

	 ω
l
	 speed of the central wheel q (ring gear),

	 ω
r
	 speed of the carrier r,

	 uv	 fundamental epicyclic gear ratio.

Fig. 2 Single epicyclic gear train with internal geared ring gear:p - sun 
gear, r - carrier, q - ring gear (Source: authors)

The fundamental epicyclic gear ratio is defined by the 
stopped carrier r as

u z
z

0v
p

q

q

p
r! ~

~
~= = = ,	 (2)

 
where:	 z

q
	 tooth number of the central wheel q,

	 zp	 tooth number of the central wheel p.

The sense of the gear ratio is negative, if the central wheel 
q has internal gearing, which is the case of both of the two-
linked simple epicyclic gear trains solved in this task.

4.	 Model environment and blocks

Matlab/SimScape is the computing environment equipped 
with blocks not only for mechanical, but also for the electrical, 
electromagnetic, hydraulic and pneumatic, fluid, and thermal 
models. It includes blocks, which are generally used by solving 
of any type of the upper described models and can be taken 
as a  common base of blocks that are also useful with the 
connection with Driveline blocks, which describe common 
elements often used by the drivetrain modelling [5].

Following the principles of physical model building, it 
is necessary to connect block ports with input and output 
shafts of the gearbox, to connect the ports defining the inner 
structure of the gearbox and to fix the necessary element of 
the gearbox to obtain the DOF number equal to 1. The blocks, 
which are required for building a mathematical model for the 
power flow analysis of the calculated gear train, are described 
below.
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The angular velocity and torque of individual mechanism 
model elements are detected with sensor blocks.

4.4 Ideal torque sensor block

The Ideal Torque Sensor block represents a  device that 
converts a variable passing through the sensor into a control 
signal proportional to the torque. The sensor is ideal because 
it does not account for inertia, friction, delays, energy 
consumption, and so on. The Ideal torque sensor block mask 
is shown in Fig. 7.

Fig. 7 The block- Ideal Torque Sensor (Source: [5]) 

This block has 3 connectors:
•	 R - Mechanical rotational conserving port associated with the 

sensor positive probe.
•	 C - Mechanical rotational conserving port associated with the 

sensor negative (reference) probe.
•	 T- Physical signal output port for torque.

4.5 Ideal rotation motion sensor block

The Ideal Rotational Motion Sensor block represents an 
ideal mechanical rotational motion sensor, that is a  device 
converting an across variable measured between two 
mechanical rotational nodes into a control signal proportional 
to angular velocity or angle. The sensor is ideal since it does 
not account for inertia, friction, delays, energy consumption, 
and so on.

The Ideal torque sensor block mask is shown in Fig. 8.

Fig. 8 The block Ideal Rotational Motion Sensor (Source: [5])

This block has 4 connectors:
•	 R - Mechanical rotational conserving port associated with the 

sensor positive probe,
•	 C - Mechanical rotational conserving port associated with the 

sensor negative (reference) probe,

by the relative input torque M
A
 = 1, which is applied on the 

gearbox input shaft A by the ideal torque source block (Fig. 5).

Fig. 5 Ideal torque source block (Source: [5])

The ideal torque source block has 3 ports:
•	 R - Mechanical rotational conserving port.
•	 C - Mechanical rotational conserving port associated with the 

source reference point (case).
•	 S - Physical signal input port, through which the control signal 

that drives the source is applied.

The block positive direction is from port C to port R. This 
means that the torque is positive if it acts in the direction from 
C to R. The power generated by the source is negative if the 
source delivers energy to port R.

4.4 Ideal angular velocity source block
Presented mathematical model has the output initial 

condition defined by the relative output speed w
A
 = 1, which 

is applied on the gearbox output shaft X by the ideal angular 
velocity source block (Fig. 6).

Fig. 6 Ideal angular velocity source block (Source: [5])

This block has 3 connectors:
•	 R - Mechanical rotational conserving port,
•	 C - Mechanical rotational conserving port associated with the 

source reference point (case),
•	 S - Physical signal input port, through which the control signal 

that drives the source is applied.

Positive value of torque is defined by its action from 
connector R to the connector C. Relative angular velocity is 
defined by this block as

R C~ ~ ~= - 	 (3)

In the built-up model, the input relative angular velocity is 
defined as w

A
 = 1. If the gear ratio is known, the value of the 

relative angular output velocity is calculated as

i i
1

X
AX

A

AX
~ ~
= = 	 (4)
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gear (series connected) with the ideal torque source at the 
input and the ideal angular velocity source at the output. The 
block connectors are connected with lines representing rigid 
immaterial shafts, which generates the possibility to do  also 
the static analysis of relative torques, angular velocities and 
performances of individual elements of the mechanism [8]. 
Performance parameters of the power flow are monitored with 
custom developed power sensors. The results are interpreted 
in the form of numerical values of the various parameters 
displayed on scopes connected to every tested element of the 
gearbox [9].

The complex gearbox model without calculating mesh 
losses in gears with the relative torques, angular velocities and 
performances parameters is shown in Fig. 9.

The complex gearbox model with calculating mesh losses 
in gears with the relative torques, angular velocities and 

•	 W - Physical signal output port for angular velocity,
•	 A - Physical signal output port for angular displacement.

5.	 Model calculation

After finishing the system model, there is need to define 
the block solver configuration, which performs the calculation 
[6 and 7]. It is also necessary to define the parameters of the 
numerical calculation method used for the model, which are 
suitable for the solution of a particular calculation problem.

The method used for the calculation of the presented gear 
train was the Runge-Kutta method (ode4 solver) with the fixed 
time step of 0.001 s.

For the solution of the presented gear train was made 
a complex model consisting of two blocks of simple planetary 
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Fig. 9 Gearbox model - calculation without gear mesh losses (Source: authors)
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Fig. 10 Gearbox model - calculation with gear mesh losses (Source: authors)
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load cases can be done and the control system can be tested 
without the need of number of prototypes to be built. The 
model provides also the possibility of the powertrain efficiency 
calculation. This allows to shorten the development time and 
to cut the costs in the area of R & D process significantly [12].
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performances parameters is shown in Fig. 10. The effectiveness 
of the external gear mesh was defined as η

e
 = 0.98 and the 

effectiveness of the internal gear mesh as η
i
 = 0.99 [10].

6.	 Conclusion

The article presents simulation results of an unconventional 
vehicle transmission, which can be used in commercial vehicles 
and mobile working machines. The kinematic structure and 
the dynamic behaviour of the system are extracted into the 
mathematical model [11]. Thus, the simulation of number of 
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