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ABSTRACT

In this paper, a mathematical model is developed to describe the dynamics of the recoiling part
of the cannon during both the recoil and counter-recoil (push-up) phases. Based on the analysis
of the forces acting on the cannon during these phases, expressions are derived to evaluate the
stability conditions - specifically, preventing the cannon from overturning upward during recoil
and downward during counter-recoil. The influence of the gap between the throttling ring and the
control rod of the recoil braking mechanism on the stability of the 85mm D44 cannon is
investigated. The results show that a change in the gap to 1 mm does not cause instability (either
upward or downward overturning) but does significantly affect the recoil velocity, recoil distance,
and final impact speed during the counter-recoil process. These changes can potentially reduce
the durability of the components or even cause structural failure of the cannon mechanisms.
Therefore, it is essential to consider the tolerances of these parts during technical inspections,
maintenance, and repair. This research can contribute to improving the reliability and
maintenance effectiveness of field artillery systems under actual combat conditions.
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1. INTRODUCTION

Nowadays, all types of cannons are elastic-supported, using a hydraulic recoil braking
mechanism. The recoil braking mechanism of modern artillery guns allows for a significantly
reduction in the force acting on the support, thereby ensuring good stability for the entire cannon
when firing as well as increasing the rate of fire. In addition, it also ensures the ability to minimize
the gun support as well as the entire gun in general while still maintaining the durability and life
of the parts. From the energy perspective, the recoil braking mechanism converts the kinetic energy
of the recoil mass received from the shot into heat energy (mainly in the recoil braking machine)
and potential energy (in the recuperator), thereby causing the recoil mass to stop at a certain recoil
distance and then returning the recoil mass to its original position before firing.

The recoil and thrust braking machine in modern artillery guns usually uses the hydraulic recoil
principle. In the hydraulic braking principle, the kinetic energy of the recoiling mass is converted
into heat energy and is dissipated when radiating heat to the outside environment through the pipe
wall. The recuperator can use springs or compressed air as the working element, in which the
kinetic energy of the recoiling mass is converted into the potential energy of the working element
and then becomes the kinetic energy of the thruster.

During the working process, the hydraulic recoil braking mechanism is often affected by some
basic parameters. When calculating the design, these parameters are often brought to the standard
state and considered unchanged. However, when studying in depth, the design problem of the
hydraulic recoil mechanism, to have a more accurate and reliable result, we must evaluate the
influence of these parameters in practice.
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The combat properties of artillery, such as firing accuracy, rate of fire and durability of artillery
structures, to a large extent depend on the stability of the artillery when firing. The stability of the
artillery when firing includes immobility (no straight movement) and stability (no angular
movement). Stability is the property of the components of a gun to maintain the position occupied
when subjected to forces that tend to cause its angular displacement. This means the ability of the
gun to maintain the initial firing angle when fired within certain permissible limits under natural
firing conditions.

In the paper [1], a typical naval gun's recoil mechanism with a control rod is selected as the
research object, and a two-dimensional model of the flow field in the recoil mechanism is
established. The finite element calculation software ANSYS Fluent was used to numerically
simulate the internal flow field model before and after considering the cavitation effect, and the
physical parameters such as the pressure, flow velocity and composition change of the internal
flow field in the recoil mechanism were determined. The simulation results before and after
considering the cavitation effect were compared. The recoil resistance test indirectly verifies the
correctness of the simulation results. Through experimental observation of the internal parts of the
recoil mechanism, the hazard of the internal cavitation effect of the hydraulic components was
verified. The paper [2] presents combining the liquid cavitation theory with ultrasonic test and
pressure test of a non-working chamber of a recoil mechanism, the recoil oil cavitation and its
influence on the actual performance of a gun recoil mechanism were investigated.

In the work [3], by means of fluent software, a two-phase flow model based on liquid-solid
coupling is established, and the motion trajectory and erosion velocity of solid particles are
calculated by numerical simulation, and the influence of different parameters on particle erosion
velocity is studied, which provides reference data for the simulation of controlled ring erosion and
the study of wear law. In the paper [4], firstly, the recoil and counter-recoil dynamics model of the
artillery recoil system is established, and then, the fifth-order Runge-Kutta numerical integration
method is employed to calculate the displacement, velocity and acceleration of the recoil system
during the recoil and counter-recoil movement. Finally, these results are compared with the
experimental results.

Huang and Liu, in their research work [5], explicitly examined the effect of structural clearances
within hydraulic recoil devices. They demonstrated that the gap between the throttling ring and the
control rod directly influences fluid resistance and energy dissipation, which are critical to ensuring
smooth recoil and restoring barrel alignment. In the paper [6], a mathematical model is established
to determine the working parameters of a hydraulic recoil mechanism, considering the characteristic
parameters of the oil. However, the parameters considered in this study are oil compression and oil
temperature. Paper [7] presents a survey of the influence of the clearance between the piston and
the recoil braking cylinder on the operation of the hydraulic recoil braking mechanism.

In this paper, based on the hydraulic recoil brake model and the study of the stability condition
of the cannon when firing, the author builds a mathematical model for the problem. From there,
the expression of the recoil force resistance of the recoil braking mechanism when pushing back
and the total recuperating force when pushing up of the 85mm D44 cannon is determined. Using
the system of differential equations describing the motion of the recoiling part when pushing back
and when pushing up, the influence of the gap between the throttling ring and the control rod on
the stability of the cannon is investigated.

2. PROBLEM

2.1. Research methods

The article provides a comprehensive and detailed analysis of the operating parameters of the
hydraulic reverse brake machine on the artillery. A mathematical model describing the operation
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of the artillery body was built. Based on the analysis of the forces acting on the receding block
when firing, the stability conditions of the cannon when the recoiling mass moves backward and
when pushed up are established. In the mathematical model, the gap between the throttling ring
and the control rod is considered. The results of the study aim to evaluate the stability of the cannon
when firing, when the recoiling mass is pushed back, and when the recoiling mass is pushed up.
Modern computer tools and software are used to accurately simulate and represent a problem
model that closely resembles reality. Numerical methods are used to provide simulation results.

2.2. Formulations
2.2.1. Stability condition of the cannon when the recoiling part is pushed back

To simplify the investigation, a general diagram is used for the types of artillery and the
following assumptions are made:

- The recoiling part and the cannon support are absolutely rigid objects; the recoiling part is
connected to the support by elastic connections.

- The cannon is placed on a horizontal hard base (orientation angle y = 0°) and the shot is fired
with a range angle ¢ > 0°.

- The cannon is symmetrical to the firing plane; all forces acting on the cannon are in the cannon's
symmetry plane, not taking into account the loads acting on the barrel from the bullet's muzzle.

- The cannon is in a balanced state when fired, meaning there is no displacement relative to the
firing platform.

The diagram of the forces acting on the cannon when the recoiling part moves backward and
pushes up is shown in figures 1 and 2.

r.

Figure 2. Diagram of forces acting on the cannon when pushed up.

136 L. T. Tuan, B. X. Tung, D. N. Tien, “Investigating the effect ... the cannon during firing.”



Research

In figure 1, Pj, - The resultant gas force appears in the barrel when firing during the period of
action of the gas; O, - Combat weight of cannon; N, Reaction force of the foundation on the
wheel (each wheel bears 1/2Ns); Ni. and T} - Vertical and horizontal reactions of the foundation
on the plow blade (each plow blade bears 1/2N,. and 1/27}.); Iy - Inertial force of the recoiling mass;
L - Distance from the center of gravity of the plow blade C (center of resistance) to the fulcrum of
the wheel; D - Distance from the center of gravity of the plow blade C to the center of gravity of
the cannon G; & - Distance from the center of gravity of the plow blade C to the orbit of the center
of gravity of the recoiling part O; e - Distance between the orbit of the center of gravity of the
recoiling mass O and the axis of the barrel, often called the dynamic moment arm; AH- Distance
from the center of the plow blade C to the shooting base.

The equation of motion of the recoiling part when pushed back is written in the following form [8]:
M0J0=Plg—R=1 (1)

where
R =I1+®, + R, — QO,sing (2)

is the recoil force resistance acting on the recoiling part when pushing backward; /7 - Force of
recuperator; @; - Hydraulic resistance of the recoil braking mechanism; Ry - friction resistance of
the cannon support and in the sealing parts of the recoil braking mechanism.

Applying the Dalambe principle, if we apply external forces and inertial forces to the system
under consideration, the system will be in a state of equilibrium. We get the following system
of equations:

D Fy=Rcosp T, =0; > F,=—Rsing -0, + N, + N, =0
3
DM =P,e+Rh—0,D+N,L=0 @)
From the system of equations (3), we find:
O,D—Rh-PRe |
Y;C:RCOS¢; Nbx:fg; NlcszJr RS'U’Z(D_ ]Vbx (4)

To ensure stability, when firing the artillery wheel must not leave the base on which the artillery
is placed, that is:
OD=Rh + Be (5)

2.2.2. Stability condition of the cannon when the recoiling part is pushed up
The diagram of the forces acting on the cannon when pushed up is shown in figure 2.
Differential equation of motion of the recoiling part when pushed up [8]:
du
M,—=r=1 6
0 a (6)
Here: u - Push up speed; r - Resultant force acting on the recoiling part when pushing up.
To establish the stability condition of the cannon when pushed up, we use the following force
balance equation system:
{ZFX =1, +T, —rcosp= 0; ZFY =rsing—Q,+ N, +N, =0

>'M , =0,(L-D)~N,L~rh,= 0 (7)

To prevent the cannon from collapsing, the plow must not be lifted off the ground. Then, we
get the condition for the cannon not to collapse when pushed up as follows:
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®)

O, (L —D)=rh,
2.2.3. Determine the recoil braking force of the cannon when pushed back
To establish an expression to calculate the hydraulic braking force ®, for a hydraulic recoil
braking machine with a control rod, we use the calculation diagram as shown in figure 3.

In figure 3, we use the symbols: D - Outer diameter of piston; d - Outer diameter of recoil
piston rod; d, - Inner diameter of recoil piston rod; & - Diameter of control rod (varies with

length); d,, - Diameter of throttling ring; X - Displacement of the recoil part; 7 - Velocity of
motion of the recoil part; W, - The speed of oil flow from chamber I into the piston inner chamber;
W, - The velocity of the oil flow through the flow hole between the throttling ring and the control
rod a, (main stream); W, - The velocity of oil flow through gap €2, into chamber III (sub-flow);
p, - Oil pressure in chamber I and chamber inside piston; p, - Oil pressure in chamber II; p; -
Oil pressure in chamber II1.
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Figure 3. Schematic diagram of a hydraulic braking mechanism with a control rod.
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Figure 4. Diagram to determine hydraulic braking force @;.

Based on the structural diagram (figure 4), we can write the general formula of hydraulic
braking force as follows:

q)L:pl( _AV)+(p1_P3)Ahd )
Where: 4,, - Working surface area of the piston when the block is pushed back; 4, - Area of
the throttling ring; A4,, - Working surface area of the chamber of the recoil piston rod.

Ahl

Using Bernoulli's equation for oil flow from chamber I to chamber II, we get:
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a

X

2
Kp( A4, — A

Here: K - Main stream resistance coefficient; 45 - Cross-sectional area of the control rod at
the throttling ring position; a. - Clearance area between the control rod and the throttling ring.

Using Bernoulli's equation for the auxiliary oil flow from chamber I to chamber III in applied
form, when considering the pressure and flow rate of oil flowing through the holes on the one-way
valve body at the end of the control rod without loss, we get:

Ksp Alfd 2
—p, =3 Thd
b~ P > le (11)

Here: K3 - Secondary resistance coefficient; Q; - Clearance area between the end of the control

rod and the inner chamber of the recoil piston rod.

Substitute p, according to (10) and (p1—p3) according to (11) into formula (9) to get:

A —A 2 A3
@LZB{K{M_ﬂ (A4, 4,)+K, é’j’}/z (12)

2 ax .

Formula (11) shows that the hydraulic back braking force is proportional to the square of the
back speed and depends on the structural parameters of the back braking machine, the flow
resistance coefficient and the density of the working oil.

For convenience of use, formula (12) is transformed into the following form:

2 3
kp|(Ayg ke, Aha |
@LZITK p +1j Athr;3 o0 v (13)

1

where A; — Ay = Atg - Compact area of piston.
2.2.4. Determine the condition for the stability of the cannon when pushing back

From formula (2), we get the expression of the recoil force resistance acting on the recoiling
part in the following form:

2 k
k A - k A3 S
R—_7!(—1 4 +1j (AI—AV)+;3—“;}V2+HO[ - ] +R, = Q,sing (14)

_Zg a S, —X

X

Using condition (5) and formula (13), we get the expression for the stability condition of the
cannon when pushing back:

2 k

ky|( A —A ky A S ,

Q“”[ﬁ{(f”] <A"Av)+?g—‘3}”2*“°(ﬁ} e Q““’””}” e 19
0

X

Based on expression (15), we see that the stability of the cannon when pushing back depends
on the cross-section of the throttling ring, the control rod and the gap between the throttling ring
and the control rod. Thereby, we will find the law of dependence of the stability of the cannon
when pushing back on dv, 9, ax.

2.2.5. Determine the condition for the stability of the cannon when pushing up
The total recuperating force is determined by the formula:

r =I- R, —®, — Qysing (16)
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Where:

k
H
Im=I1, (H OXJ - The force of the mechanism pushes up pneumatically;

0
R, =Q,(f cosp+v) - Total friction force;
G =M,g - Weight of the recoil part;
¢ - Range angle;
I1, - The initial force of the mechanism pushes up;
H, - Initial volume conversion length of the push-up mechanism;

k - Adiabatic exponent;

v - Proportionality coefficient of the frictional force compared to the weight of the recoil part;
. . C
®,=®,+D,, +®, - Counter-recoil braking force, where:®, =—2U’ = f,(a)U’ -
a

hydraulic braking force of the recoil braking machine when pushing up;

D,, = C—;’“’U * = f,(a,,)U’ - Hydraulic braking force of the counter-recoil brake;

hd
®, = f(a,)U* - Anti-recoil force.

From the stability condition (8) and the expression for calculating the total recuperating force
(16), we get the stability condition of the cannon when pushing upward in the following form:

3 ’
ky(4=4) /22 . kiyd), /2g
2 2

a q

Ocp (L = Dy)+ Oy (A-&)=| '~ U |k, (17

3. RESULTS AND DISCUSSION

3.1. Input data

To accurately assess the reliability of the theoretical basis established in item 3, the hydraulic
recoil mechanism on the 85mm anti-tank artillery was selected as a model to evaluate the influence
of the gap between the throttling ring and the control rod of the hydraulic braking mechanism on
the stability of the cannon when firing. The main components of the hydraulic recoil mechanism
are shown in figure 5.

|
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B

|
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|

Figure 5. Schematic diagram of the 85mm D44 artillery hydraulic brake.
1 - Recoil cylinder; 2 - Recoil piston; 3 - Control rod; 4 - Piston,; 5 - Valve.

The launch parameters of the 85mm D44 gun are as follows [6, 7]:
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Table 1. The launch parameters of the 85mm D44.

Ne Parameter Symbol Value Unit
1 | Combustion chamber volume W, 3,94 dm’
2 | Cross-sectional area of the barrel S 0,582 dm’
3 | Distance movement of the bullet l, 35,92 dm
4 | Warhead weight q 9,54 kG
5 | Bullet ejection pressure Do 3.10* kG/dm’
6 | Propellant weight w 2,48 kG
7 | Propellant force S 98.10* kG.dm/kG
8 | Additive quantity a 1 dm’/kG
9 | Propellant density ) 1,6 kG/dm’
10 | Pulse pressure of the gas A 1270 kG.s/dm’
11 | Power factor K 1,06
V4 1,06
12 | Propellant shape characteristics XA -0,06
0 0,2

Basic parameters of the hydraulic recoil mechanism are as follows:

Table 2. Basic parameters of the hydraulic recoil mechanism.

Ne Parameter Symbol Value Unit

1 | Diameter of the throttling ring d, 38 mm

2 | Inner diameter of the recoil cylinder D 102 mm

3 | Inside diameter of the recoil piston rod d, 38 mm

4 | Outer diameter of the recoil piston rod d 48 mm

5 | Back length A 580 + 660 mm

6 | Limited back length A, 675 mm

7 | Maximum oil pressure DPrax 118 kG/em?
8 | Maximum recoil braking force R .. 7474 kG

9 | Maximum hydraulic braking force D, 6075 kG
10 | Maximum recoil velocity W, . 10,46 m/s
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3.2. Investigation of the effect of the gap between the throttling ring and the control rod on
the stability of the cannon when pushing back

Figure 6 shows the recoil force resistance, and figure 7 shows the cannon stability when
changing the gap between the throttling ring and control rod in the following cases:

1 - Overturning up moment when the parts are at their original size;

2 - Overturning up moment when the throttling ring is worn by 0,5 mm,;

3 - Overturning up moment when the throttling ring and control rod are both worn by 0,5 mm;
4 - Stabilizing moment of the cannon when pushing back.

The law of recoil force resistance .« Lhe cannon stability when pusing back
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Figure 6. Graph of recoil force resistance Figure 7. Graph of cannon stability when
when changing the gap between the throttling  changing the gap between the throttling ring
ring and control rod. and control rod.

Table 3 shows the change in values according to the increase in the gap between the throttle
ring and the control rod Ad (mm).

Table 3. The change of Rmax, Vmax and retreat length.

Change in value (mm) Rumax (kG) Vnax (m/s) Retreat length (mm)
Ad=0 6926,8 10,351 603,14
Ad=0,5 6520,9 10,377 630,94
Ad=1,0 6286,3 10,394 651,93

From the results, we see that when changing the gap between the throttling ring and the control
rod, the recoil force resistance R and the overturning moment change. When increasing the gap
between the throttling ring and the control rod, the value Rmax decreases, increasing the stability
of the cannon, but also increasing the maximum recoil velocity and recoil length.

This means that during the recoil process, we do not have to care about the influence of the gap
of the throttling ring and the control rod on stability, but only need to care about their influence on
the recoil length to see if it affects the quality of the shooting process or not.

3.3. Investigation of the effect of the gap between the throttling ring and the control rod on
the stability of the cannon when pushing up

Figure 8 shows a graph of the overturning moment of the cannon and the cannon stability
when changing the gap between the throttling ring and the control rod when pushing up in the
following cases:

1 - The overturning down moment when the parts are at their original size;
2 - Overturning down moment when the throttling ring is worn by 0,5 mm;
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3 - Overturning down moment when the throttling ring and control rod are both worn by 0,5 mm;

4 - Stabilizing moment of the cannon when pushing up.
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Figure 8. Graph of overturning moment of the cannon and the cannon's stability.

From the graph, the gap between the throttling ring and the control rod changes (wears out
during operation), the overturning down also changes in the direction of decreasing by a small
amount. Thus, when the gap between the throttling ring and the control rod increases, the stability
of the cannon increases. However, due to the decrease in ®ld, the counter-recoil velocity of the
recoiling mass will increase, it is necessary to pay attention to its influence on the operation of the
mechanisms and the durability of the details during the firing process.

4. CONCLUSIONS

From the research results, we see that the parameters and structure of the recoil braking
mechanism are important factors affecting the operation of the recoil braking machine and
specifically the hydraulic braking force during the pushing back and pushing up of the cannon. In
the surveyed cases, when the magnitude of the gap between the throttling ring and the control rod
changes, although it does not lead to instability (overturning or collapsing) of the cannon, it
significantly changes the velocity and distance of reversing or the final impact speed during the
pushing-up process. This can completely lead to a reduction in the durability of the details or
worse, the structural destruction of the mechanisms on the cannon. Therefore, we need to pay
attention to the tolerances of these details during the technical inspection, maintenance and repair
process to ensure the normal operation of the cannon.
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TOM TAT
Nghién ciru anh hwéng ciia khe hé giira vong diéu tiét va can diéu tiét
trong may ham lui thiyy lwe dén @9 6n dinh ciia phao khi bin

Trong bdi bdo nay mé hinh todn hoc dwoe xdy dung dé mé ta dong luc hoc mdy ham i
thity lye ciia phdo trong ca hai giai doan Iiii va ddy 1én. Dua trén viéc phan tich céc lyc tdc
ddng lén phdo trong cdc giai doan nay, cdc biéu thirc dwoc rit ra dé danh gia cdc diéu kién
on dinh - cu thé la ngan phdo b lgt Ién khi Itii va bi guc trong qud trinh ddy 1én. Anh hwdng
ciia khe hé gitta vong diéu tiét va cdn diéu tiét ciia mdy ham Iiii doi véi dg on dinh ciia phéo
85mm D-44 dwoc nghién ciru. Két qua cho thay viéc thay doi khe ho 1 mm khong gay md't
on dinh (Igt hodc guc phao) nhung anh huong dang ké dén van toc lii, chiéu dai liii va toc
dé va cham cudi cing trong qud trinh ddy lén. Nhitng thay doz nay c6 kha nang lam giam
dé bén cia cac bé phan hodc tham chi gdy ra hu hong két cau cdc co cau ciia phdo. Do do,
viéc xem xét dung sai cua cac bg phdn nay trong qud trinh kiém tra ky thudt, bao dwong va
stka chita la rdt can thiét. Nghién ciru nay co thé gép phan nang cao do tin cdy va hiéu qua

bado dwéng ciia cdc hé thong phdo binh dé chién trong diéu kién chién ddu thiec té.

Tir khoa: Khe ho giira vong diéu tiét va can didu tiét; Diéu kién én dinh; May ham lui; Phao.
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