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Abstract 

 
The subject of discussion is the T-72 main battle tank. The tank is treated as three distinct bodies, representing 

the hull, the turret and the gun. The rigid bodies are subject to a set of kinematics constraint relationships, which 
provide the physical interface of the system. The gun and turret are assumed to bend in the elevation and azimuth 
direction.  

Angular and axial displacements of vehicle are the input signals acting on the turret and the gun. The tank gun 
stabiliser, minimise the effects of vehicle motion on the main armament of tank and compensates the velocities of the 
vehicle. Stabilisation system, automatically maintain the position of the gun at a fixed bearing in space, in spate of 
any motion of the vehicle in roll, in pitch or in yaw.  

Mathematical model of the tank, the turret and the gun functioned as one system with the model of tank gun 
stabiliser (verified on the base of experimental investigations) were build. The equations of motion associated with a 
military tank are derived using Lagrange equations. 

In the next stage of the work the mathematical model could be used for versatile numerical tests of existing, 
modernized and new types of combat vehicles. 
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1. Introduction 
 

The most of combat vehicles have traditional main design. Large turret is located on the hull 
and can rotate in yaw round axis z (see Fig. 1). Inside the turret are stored ammunition and are 
located the seat of the commander and gunner. The azimuth movement of the turret is realized 
through a mobile link between turret and hull, consisting of a ball race roller bearing with the fixed 
part connected to the hull and mobile part connected to the turret. The turret is rotated in yaw 
relative to the hull by an azimuth drive system. A motor, fixed to the turret or to the hull, drives a 
gear box which contains an output pinion that drives a ring fixed in the hull or in the turret, 
respectively.  

The main gun is fitted inside the turret in front part and rotated in pitch round axis xG parallel 
to axis x. The elevating mass consists mainly of the cradle of the main gun and of the cradle of the 
coaxial machine gun and performs elevation and depression movements. The connection between 
the elevating gun and the turret is obtained by the elevation bearings. The gun is rotated in pitch 
relative to the turret by an elevation drive system. A hydraulic servo-motor, fixed to the gun and 
turret drives the gun [2, 7, 15, 16].  
Angular and axial displacement of vehicle is the input signals acting on the turret and the gun. 
Two-axis stabilisation system compensates the velocities of the vehicle. Stabilisation system, 
automatically maintains the position of the gun at a fixed bearing in space in spite of any motion of 
the vehicle in roll ( H), in pitch ( H) or in yaw ( H). The tank gun stabiliser minimises the 
effects of vehicle motion on the main armament of tank, under typical conditions of tank operation 
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over rough ground.  
The mathematical models of turret and gun stabilisers were presented in earlier publications. 

Mathematical models of interactions between the hull and the stabilised turret as well as the turret 
and the stabilised gun, also equations of motion associated with suspended vehicle are presented 
below.  
 
2. Moments and forces acting on the stabilised armament 
 

The military tank consists of three separate bodies: the hull, the turret and the main gun (see 
Fig.1). The tank is subject to two constraints [6, 9, 11, 13, 14]:  

 the main gun must elevate relative to the turret,  
 the turret must rotate relative to the hull.  
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Fig. 1. Main moments and forces acting on the turret and the gun of the tank 
 

Moments and forces acting on the rigid body of tank’s turret and gun are illustrated in Fig. 1. 
The tank’s turret and gun are treated as a rigid body with mass  and , respectively. The 

turret moment of inertia with respect to vertical axis of rotation  was fixed as  and the gun 
moment of inertia with respect to horizontal axis of rotation, through the gun trunnion,  was 
fixed as .  
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Z TJ
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G

Angular displacement of turret and gun (while stabilising the position of the gun) are in fact 
very small (about 3 mrad), so Cartesian coordinates are used to describe the bending of the main 
armament.  

J

 
3. Structural scheme of the system 
 

On the basis of the obtained system of differential and algebraic equations as well as of the 
knowledge about the system feed-backs, the overall structural scheme of the system has been 
found (see Fig. 2).  
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The input signals are:  
 reference signal (for turret and gun stabiliser) given by the operator (gunner),  
 disturbing signal caused by the hull “snake-like” angular vibration H  (motion of the 

vehicle in yaw), 
 disturbing signal caused by the hull transversal angular vibration TH (motion of the 

vehicle in roll),  
 accelerations of the GCG in GY  and GZ direction as well as accelerations of the TCG in 

TX direction ( zy aa , , xa ), respectively;  
 disturbing signal caused by the hull longitudinal angular vibration H  (motion of the 

vehicle in pitch), 
 static moment due to non-balance of the gun StM .  

In many cases when gun is balanced accelerations  and, as less important, accelerations 
 as well as static moment  (drawn at scheme by dashed line) can be omitted.  

zy aa ,

xa StM
The gun angular displacement of the turret and the gun represent the output signals:  

 the turret angular vibration in yaw T ;  
 the gun angular vibration in pitch G . 
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Fig. 2. Structural scheme of stabilised main armament 
 

The symbols used in Figure 1 and 2 were: 
JTM   - the total moment acting on the turret due to moment of inertia,  

ORTM   - the total damping moment between the hull and the turret,  

NTM  - the total moment acting on the turret due to non-balance,  
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STM  - the moment produced by an azimuth drive motor,  

TJ   - the turret moment of inertia with respect to vertical axis of rotation , TZ

T  - The turret angular acceleration in yaw (pla TYne ),  TT OX

TTM  - moment acting on the turret due to coulomb damping between the turret and the hull  
   (mainly in the turret ball bearing),  

JRM   - moment acting on the turret due to moment of inertia of azimuth drive system (motor’s 
   rotor and gear box’s inter-mating gears),  

OSM   - moment acting on the turret due to azimuth drive system (depends on the type of drive),  

STTM   - static moment of friction,  

T

  - the velocity of the turret relative to the hull, 
H ,  - the hull and the turret angular velocity in yaw, 

TH

SRJ  - the azimuth drive motor’s rotor and gear box’s moment of inertia with respect to the axis 
   of rotation,  

i
F    - damping coefficient of azimuth drive,  

    - azimuth drive transmission ratio,  

axM   - moment due to non-balance of the turret caused by  (acceleration of the TCG 
    in direction),  

xa

T

  - moment due to non-balance of the turret caused by angular displacement 
X

M H  of the TCG 
   in roll (plane ), TTT

  - accelerations of the TCG in TX  ection, 
XOZ

dirxa

T

g    - accelerations of gravity, 
m   - total mass of turret, 

TCGy   - the distance of the TCG from  (turret axle of rotation), T

  - the distance of the TCG from 
Z
Y  (hull axle of rotation), TCz G

H   - angular displacement in roll,  

JGM  - the total moment acting on gun due to moment of inertia,  

ORGM  - the total damping moment between the turret and the gun),  

NGM  - the total moment acting on the gun due to non-balance,  

SG

  - the gun moment of inertia with respect to gun axle of rotation , 
M  - the moment produced by an elevation hydraulic servo-motor,  

GJ GX

G

M

 - the gun angular acceleration in pitch (pla Yne GGGOZ ), 
   - moment acting on the gun due to viscous damping between the turret and the gun (mainly f

    in the elevation hydraulic servo-motor),  
 - moment acting on the gun due to coulomb damping between the turret and the gun 

     (m
TGM

  ainly in the gun trunnion),  
f  r,  - damping coefficient of hydraulic servo-moto

 - the gun and the T turret angular velocity in pitch, 
the turret, 

G ,

GT   - the velocity of the gun relative to 
SM   - static moment of friction,  

   - moment due to non-balance of the gun caused by  (acceleration of the GCG 
     in direction), 

ayM ya

GY
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azM   - moment due to non-balance of the gun caused by  (acceleration of the GCG 
   in direction), 

za

GZ

StM   - static moment due to non-balance of the gun,  

zy aa ,   - accelerations of the GCG in  and direction, GY GZ

Gm  - total mass of the gun, 

nl     - the distance of the GCG from gun trunnion, 
  - angle of gun bending.  

 
To simplify the structural scheme of the stabilised main armament the symbols were applied in 

the form as follows:  
TCGTax ymK ,            (1) 

 
TCGTNW gymK ,            (2) 

 

g
z

T TCG
NW ,             (3) 

 
sinnGay lmK ,           (4) 

 
cosnGaz lmK ,           (5) 

 
4. Mathematical description of the tank 
 

A tank suspension has two sort of task to perform. The static task is to distribute the weight of 
the vehicle. The dynamic task – when the vehicle is moving – is to minimise vibration and shocks. 
The suspension allows the road wheels to follows the vertical motion of the tracks without 
transferring too much of that motion to the hull. It also guarantees that tracks and roads wheels 
stay in contact with each other and thus helps stop the vehicle from throwing a track. It reduces 
vertical hull motion when moving across country and maintains a constant ground clearance as far 
as possible.  

The suspension consists of damping elements to compensate for the irregularities in terrain and 
shocks absorbers that not only carry out the above function, but also compensate for roller 
movement so that a track is not thrown.  

The idealization of suspension system is shown in Figure 3. It consists of twelve linear rod 
springs and six shock absorbers [1,4]. The earth plate motion is a prescribed function depending 
upon the terrain data.  

The equations of motion associated with a military tank were derived using Lagrange equations 
[2,3].  
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n

i
iHiHiiR zxyzcE

1

2)(
2
1  ,        (9) 

where: 
i  – degrees of freedom quantity, i = 3, 
EK   – kinetic energy, 
EP   – potential energy, 
ER   – dissipation energy, 
Fi   – generalized forces, 
qi    – generalized coordinates: q1 = z – displacement, q2 = H - rotation round axis x,  
q3 = H – rotation round axis y, 
m   – mass of vehicle, 
z   – speed of gravity centre, 

H, H – rotational speeds of the hull, 

KXI ,  – moments of inertia, 
KYI

KK

n   – quantity of road wheels, 
XYI  – moment of deviation, 

ki   – spring rate coefficient, 
zi   – displacements of road wheels (motion depending upon the terrain data), 
xi, yi  – coordinates of road wheels,  
ci   – damping coefficient, 

iz    – speed of road wheels. 
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Fig. 3. Schematic diagram of the tank suspension 
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After transformations we obtained matrix equation: 
 

M q  + C q  + K q  = F w ,           (10) 
where: 
M – inertia matrix, 
C – damping matrix, 
K – stiffness matrix, 
F – forces matrix: 

q  - vector of generalized accelerations, 
q  - vector of generalized speeds, 
q  - vector of generalized displacements. 

Above vectors have the forms: 
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Above matrixes have the forms: 

 
M – inertia matrix 
 

m 0 0 
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F – forces matrix 
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C – damping matrix 
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K – stiffness matrix  
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After transformations we obtained equations of motion:  
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Equations were the basis of the final mathematical model. The model has three degrees of 

freedom: z - displacement; H - rotation round axis x; H - rotation round axis y.  
Those angular and axial displacements of vehicle are the input signals acting on the turret and the 
gun.  
 
5. Concluding remarks 
 

Presented above mathematical models make possible numerical investigations of influence of 
determined and random input signals, generated by ground while moving across country, acting on 
stabilised armament of various types of combat vehicles. Will be possible numerical investigations 
of weapon stabilisation systems accuracy while:  

 changes of amplitude and frequency of input signals, generated by ground, acting on 
individual road wheels,  

 changes of suspension characteristics of individual road wheels of combat vehicle 
(damping, stiffness),  

 changes of wheelbase and road wheels quantity,  
 changes of the vehicle turret and gun mass as well as localization of the hull and the turret 

centre of gravity,  
 changes of kinematics links between the hull and the turret as well as the turret and the gun 

resulted from stabilisation system properties,  
 changes of the turret and the gun parameters,  
 changes of the turret and the gun drives parameters,  
 changes of the turret and the gun stabilisation systems as controlled systems,  
 changes of existing feed-backs with stabilisation systems and implementing additional feed-

backs.  
Motion of the vehicle in roll ( H), in pitch ( H) and displacement (z) are generated by rough 

ground but motion in yaw ( H) are generated independently and could have a form of determined 
or random signals that are proportional to motion of the vehicle in roll and in pitch. Correlation 
between motions H  and H as well as motions H  and H were determined while 
experimental tests [5,8,10,12,15,16,17,18] when the tank overcome various terrain obstacles with 
various speed.  

In the next stage of the work the mathematical model could be used for versatile numerical 
tests of existing, modernized and new types of Polish Army combat vehicles. Mainly for checking 
the turret and the gun stabiliser in various ground condition (very often difficult to obtain using 
real vehicle in real terrain) and for improving stabilisation exactness.  
 
References 

 
[1] Wóz 172M – Opis i u ytkowanie – cz  , wyd. MON, Panc. – Sam. 390/78, Warszawa, 

1979. 
[2] Krupka, R. M., Mathematical simulation of the dynamics of military tank, SAE Technical 

paper series, International congress & exposition, Detroit,1985.  

 394



 
Mathematical Model of the Main Battle Tank Witch Stabilized Turret and Gun  

[3] Borkowski, W., Konopka, S., Prochowski L., Dynamika maszyn roboczych, Skrypt WAT, 
Warszawa, 1992. 

[4] PT-91 – Instrukcja eksploatacji czo gu, Zak ady Mechaniczne „BUMAR- AB DY”, 
Gliwice, 1995. 

[5] Papli ski, K., Sobczyk, Z., Tokarzewski, J., Metoda poprawy parametrów pracy stabilizatora 
uzbrojenia wozu bojowego poprzez kompensacj  zak óce  dzia aj cych  na obiekt regulacji, 
Sprawozdanie merytoryczne z realizacji projektu KBN, 1997. 

[6] Papli ski, K., Sobczyk, Z., Tokarzewski J., Badanie obci e  dynamicznych dzia aj cych na 
uzbrojenie czo gu, II Konferencja Odporno  Udarowa Konstrukcji, str. 267-276, Rynia, 
1998.  

[7] Tokarzewski, J., Papli ski, K., Juszczyk, A., Sobczyk, Z., Urz dzenia elektryczne i osprz t 
pojazdów mechanicznych, Cz  II, Uk ady stabilizacji uzbrojenia wozów bojowych, Skrypt 
WAT, Warszawa, 1999. 

[8] Papli ski, K., Sobczyk, Z., Model czo gu ze stabilizowanym k towo uzbrojeniem g ównym, 
Konferencja Kazimierz Dolny ‘01, Kazimierz Dolny, str.335-342, 2001.  

[9] Papli ski, K., Sobczyk, Z., The structural scheme of stabilised tanks turret and gun, 
International Conference MMAR 2001, Mi dzyzdroje, str. 415-420, 2001. 

[10] Papli ski, K., Juszczyk, A., Badanie elementów wykonawczych nap du stabilizatora 2E28M 
„PION”, Sprawozdanie merytoryczne z realizacji projektu KBN, 2001. 

[11] Papli ski, K., Uzbrojenie czo gu jako obiekt regulacji dla uk adu stabilizacji po o enia 
k towego, Archiwum Motoryzacji Nr 1-2, str. 19-30, PWN Warszawa, 2001.  

[12] Papli ski, K., Sobczyk, Z., U rednianie drga  k towych kad uba czo gu, wywo anych 
oddzia ywaniem wymusze  zdeterminowanych, Biuletyn Nr 11 (603) WAT, str. 133-156, 
Warszawa, 2002. 

[13] Papli ski, K., Discription of moments caused on stabilised main battle tank armament, NATO 
RTO-SCI symposium Challenges in Dynamics, System Identification, Control and Handling 
Qualities For Land, Air, Sea and Space Vehicles, Berlin 2002, referat nr 12 na CD. 

[14] Papli ski, K., Input moments caused on main battle tank gun and turret , International 
Conference Vechicles and Systems Progress, str. 227-233, Wo gograd, 2002. 

[15] Hryciów, Z., Papli ski, K., Sobczyk, Z., Wp yw wymuszenia zdeterminowanego na drgania 
kad uba i armaty wozu bojowego, III Konferencja Odporno  Udarowa Konstrukcji, str. 179-
190, Warszawa, Rynia 2002. 

[16] Hryciów, Z., Papli ski, K., Sobczyk, Z., Tokarzewski, J., Wysocki J., Wp yw wymusze  
losowych na drgania kad uba i armaty wozu bojowego, VIII Mi dzynarodowe Sympozjum 
IPM, str. 112-121, Warszawa, Rynia 2002. 

[17] Papli ski, K., Rybak, P., Model do bada  symulacyjnych uk adu stabilizacji wie y i armaty 
czo gu, Konferencja Kazimierz Dolny ‘03, Konstrukcja, badania ,eksploatacja, technologia 
pojazdów samochodowych i silników spalinowych, Zeszyt 26-27, str. 363-371, Kraków, 
2003. 

[18] Papli ski, K., Modelling and simulation that make possible weapon integration with the 
vehicle, NATO RTO AVT-108/RSY symposium, Functional and mechanical integration of 
weapon with land and air vehicles, Paper No. 36 on CD, Williamsburg, VA, United States 
2004. 

 
 
 
 
 
 
 

 395



 

 
 
 
 
 
 
 
 
 
 




