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ABSTRACT

The article presents some basic content about the dynamics of the 23mm cannon, taking
into account the efficiency and transmission ratios of the main mechanisms in automatic machines,
which are the locking platform, the barrel lock, reload, and acceleration. Not only that, but also
calculate the cannon speed when recoil and when pushed up, the displacement of the cannon in the
firing cycle. To do that, the paper used Maple software to solve the system of differential equations.
Solve results can be presented in table or graph form. Research results can be applied to the design,

improvement or exploitation of artillery to improve their readiness to fight and defend the Country.
Keywords: 23mm anti aircraft artillery, Interior ballistics; Dynamic, Velocity, Dimension.
TOM TAT

Bai bao trinh bay mot $6 noi dung co ban vé dong luc hoc cua phao 23mm co xét dén hiéu
sudt va ty so truyén ciia cdc co cau chinh trong may tw déng. Cdc co cau dwoc xét dén la bé khéa,
khéa nong, nap dan va ting toc. Khéng nhitng thé, bai bdo con tinh dwoc téc dé khdu co sé khi liti
va khi day lén, @ dich chuyén ciia phéo trong chu ky ban. Bai bdo dd sir dung phan mém Maple dé
gidi hé phwong trinh vi phdn. Két qua gidi ¢6 thé dwoc trinh bay dudi dang bang hodc biéu do. Két
qua nghién civu cé thé img dung vao thiét ké, cdi tién hodc khai thac cdc loai phdo phong khéng,

nham ndng cao kha nang san sang chién dau bao vé To quoc.

Tir khoa: Phdo phong khéng 23mm; Thudt phong trong; Pong liec hoc; Vin toc; Quing

dwong. &
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1. INTRODUCTION

The 23mm anti-aircraft cannon is
heavily used in the Vietnamese army as well as
in many countries around the world. This one
belongs to the type of low-altitude anti-aircraft
artillery. Cannons can be single-barreled, dual-
barreled or more. However, the basic cannon
body has the same structure. The body of the
cannon when fired can fluctuate a short distance
ofless than 1.5 cm to 2 cm. The cannon operates
automatically on the principle of extracting gas,
locking the barrel with a vertical key.

Residual energy dissipation
mechanisms include spring pushback, rear
shock absorber disc spring, shock absorber...
This article presents the content of surveying
automatic machine dynamics and cannon body
dynamics when firing. Input data used for
calculation are taken according to documents
[2], [3]. Systems of differential equations are
solved using specialized software for weapons
written in Maple software. While the solution
was conducted to calculate the pressure in the
cannon barrel, the pressure in the air extraction
chamber, the speed of the locking platform,
taking that as the basis for calculating the
working stages such as locking the barrel,
reloading, and accelerating. The results
are presented in graph form for convenient
observation and evaluation. From the dynamics
survey, it is possible to calculate the firing rate
and other technical and tactical information.
Calculation results are documents to serve
the design, exploitation, or improvement of
weapons for different purposes.

2. CONTENT

Kinetic investigation of automatic
machine mechanisms is to determine the

kinematic characteristics including gear ratio K
and efficiency 1. Dynamic survey is the study
of the movement of parts under the action of
force.

2.1. How to determine gear ratio and
performance

a. Several methods of determining the gear
ratio

- Analytical method: According to
the definition of the transmission ratio of the
document [1], we have the formula:

K. = 5t=v ()

If we find the relation x = f(x) in
analytical form, using differential function,
we will find the expression to determine the
transmission ratio according to formula (1).
If we can find the expression for determining
the speed of the base link V (bolts) and the
working link V, we can also find the expression
for determining the gear ratio according to the
above formula.

- Graph differential method.

If we know the graph representing the
relationship x =f{(x), using the graph differential
method, we can find the graph K = dx /dx.

- Method of plotting velocity combined
with solving graph:

Velocity plotting is a method to
determine the speed of the links in the
mechanism during motion, especially the
end. It has the advantage that the structure is
complex, the calculation volume is not large,
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and the drawing method is simple. Combining
speed plotting with plotting, determining the
gear ratio graph will be quite fast and simple.
But the accuracy depends a lot on the scale, the
accuracy of the drawing.

In this paper, the author chooses an
analytical method to determine the gear ratios
of the mechanisms.

b. Method of determining performance

Accordingto the definition oftransmission
efficiency between stages, we have:
R ’

B K

’rl:

To determine the efficiency of the
surface mechanisms between links, it is
necessary to determine the gear ratio K, the
ratio of the drag forces R', and the thrust R',.
We determine the efficiency of the first-class
surface mechanism as follows:

Assume that the influence on the
distribution of the bonding reactions, the
influence of the position of the force and their
deflection are ignored, all forces are assumed
to pass through the substitution point of the
pieces.

Let R,' and R be the resultant of
the external forces acting on the direction of
motion of the links A and B. Write the force
balance equation for the links after they have
been separated from the connection and
substitute for the action of the pieces. These are
the binding reactions we have:

For stage A:

R', =R.(sinA + f.cosA) + fN1
N, = R.(cosA - f. sinA)

Therefore:
R', = R.(sinA + 2f.cosA - f>.sinA)

For stage B:
R,'=R.(cosA - fisinA) - f.N2
N, = R.(sinA + f.cosA)

By the definition of efficiency we have:

K= 1-2fK—f2
R' ~ K+2f-f2K’

Ignoring the quantity containing f>, we get:

_12fK
"= i2f A3)

2.2. Calculation of gear ratios and efficiency
of mechanisms in a 23mm cannon

a. Lock-barrel pedestal drive pair

The 23mm anti-aircraft gun bolt is an
automatic vertical key type, the opening and
closing of the bolt is done automatically to the
articulation of the crossbar on the bolt and the
diagonal groove on the lock pedestal as shown
in Figure 1.

o -\qﬂl P
‘ %
ESoes \ ________ }_\w'f
transmission bezel l?

Figure 1. Diagram of the mechanism of opening
and closing the bolt
1-Bolt; 2- Lock pedestal; o. - Surfaceline tangent angle.

When the platform is in reverse, the
unlocking face on the lock pedestal moves
into the unlocking face on the bolt, to the low
position, the bolt is lowered to unlock it. When

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022 kY
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

the lock is closed, the above process is reversed.
The opening and closing transmission of the 23
mm cannon is a type I surface. This is a surface
with a double-sided link.

The transmission ratio of the opening
and closing mechanism is determined by the
formula:

dx, V,
Kmm—L = _L=1tga
&V
The efficiency of the opening and

closing surface is determined by the formula:

o= 121K,
K_+2f ™

With: £=0.1: Coefficient of transmission
friction.

N “4)

Measurements on the actual structure
and calculations based on the reference data
in the document [3], we get the results of the
gear ratio and the efficiency of the opening and
closing mechanism as follows:
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Figure 2. G
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Figure 3. Graph of efficiency and gear ratio of the
lock pedestal -bolt

b. Acceleration-ejection transmission

Accelerate the withdrawal of the
cartridge case when the padlock is inverted and
accelerate the bullet to force the bullet into the
chamber before closing. These functions are
accomplished by means of the surface on the
accelerator and the surface on the cannon.

The 23mm anti-aircraft gun accelerator is
a dual drive mechanism consisting of two links:

- The linkage between the accelerator
and the acceleration base is equivalent to a non-
standard type IV surface, with the feature that
the linkage shaft is located on the base link and
the surface profiles when reversing and pushing
up are different.

With o = 90 on the real structure, we
have the formula to calculate the transmission
ratio and the efficiency of this link as follows:

r, sin o.cos @ -

K4=1+ =
r, sin( oo + B)

4= 1+ f.cot g(a +0) 5
(1+f.cot g(90° +¢)).(1+ 2.1f.cot gat) )

- The link between the accelerator lever
and the ejection lever is a type four surface
link. However, due to the simple structure and
small firing angle, the motion directions are
parallel to each other, so we can calculate the
kinematic characteristics of the mechanism by
the following simple correction formula:

We have: K= ds ;
dX

)

I, .(‘COS'}«'i ‘ — ‘cosyi_l
Ax

El

So that: AK =

Summarizing the two links, we have:
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r, sin o.cos @ +

r..(jcos v,

)

~[cos v..,

K, =K, +AK =,

r. sin( o + 0)

[4

Ngt = Na= 1+ f.cot g(a +0)

AX
(6)

(1+f.cot g(90° + @)).(1+ 2.f.cot ga)

Summarizing the two links we have:

With: £ = 0.1- coefficient of friction. a,
0, v, ¢: are shown in the figure.

Measure on the real structure and calculate
the results of the gear ratio and the efficiency of
the accelerator as shown in Figure 5.

Figure 4. Diagram of acceleration mechanism
1- Eject bullets pice; 2- Accelerometer pice;

3-Surface.
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Figure 5. Efficiency, gear ratio of the accelerator
¢. Ammunition mechanism

The reloading mechanism is responsible

for bringing the next bullet from the reloading
position to the loading position, ready to fire.
During the push-up stroke, the bullet lever
presses against the side surface face to run to
the position to wait for ammunition. The 23mm
cannon feed mechanism is a drive mechanism
consisting of two links:

- The link between the rack and the
tooth is a surface link of the first type, with a
constant surface side angle with a double-sided
connection.

The formula for calculating the gear
ratio and efficiency of this surface link is as
follows:

_(1-2fK)K
K+2f
- The link between the loading table

and the sliding frame is a non-standard type IV
surface with two special points:

K =tga;n, (7)

+ In this surface mechanism, the
intermediate boom shaft moves in translation
with a fixed surface profile.

+ When reversing and pushing up, the
connection is made on two different surface
profiles with different coefficients of friction:
when reversing is rolling friction, when pushing
up is sliding friction.

On the real structure, with oo = 90, we
have the formula to calculate the transmission
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ratio and the efficiency of this link as follows:

I, Sino.cosQ

4 r, " sin(o +0)

1+ f.cotg(o +0)

Me= 0 (7)
(1+f.cotg(90° + @)).(1+ 2.f.cot gar)

In general, when the intermediate
axis moves, we have the following correction
formula:

Kiz V_u, _ V., .sin y+ V,.cos w
VA VA

=K, siny+K,.cosy (8)
Summarizing the two links, we have:

Kig= K, K = MM )

Measuring on the real structure and
combining calculations, we get the results of
the gear ratio and efficiency at different times,
of the feed mechanism corresponding to the
displacement of the locking platform.

Measurements on  cannons  and
calculation, results are shown in Figure 7.

03

Figure 6: Diagram of the principle of the
reloading mechanism
01- Reload slider; 02- Slide table; 03- Push lever

Efficiency
'__,.—" ———
04
0.35
gear ratio /,I/,
K.h
03
0. 25
0.3 - - -
0O 0204 0608 1 12 14 16 18
X{drm)

Xiam)

Figure 7: Efficiency and transmission ratio of the
reloading mechanism

2.3. Dynamics 23mm cannon

After studying the 23mm cannon
kinematics, continue to investigate the cannon
reverse block dynamics when firing.

The content of solving the system of
equations of motion of the automatic machine is
to determine the laws V=V(x) and t=t(x) of the
base and some working stages of the automatic
machine, as well as determine its duty cycle,
from which to evaluate, cannon body price
fluctuates in a cycle. Things to do include:

-Actual force: including the force of the
gas in the barrel, the force of the gas extracted
in the air chamber, the force of the spring
pushing back...;

-Determine the collapsing volume,
collapsing force;

-Collision between details;

-Interpolation function: use linear

interpolation;

-Method to solve system of differential
equations: Runge-Kuta;
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- Input data set: according to documents

[31, [4].

The displacement of the cannon in
one shot cycle is 1.5 cm. If the cannon moves
longer, it will be quieter, but the rate of fire will
decrease, which is detrimental to anti-aircraft
guns.

The maximum speed of the cannon is
approximately 24 dm/s, the greater the speed,
the shorter the firing cycle, but the large end-of-
stroke collision can reduce the accuracy of the
shot.

displacement

015 4

Figure 8: Graph of displacement of the 23mm
cannon in one cycle
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Figure 9: Graph of speed of the 23mm cannon in
one cycle

3. CONCLUSION

The article investigated the speed and
displacement of the 23mm anti-aircraft cannon
backward and forward in one shot cycle. The
results are relatively close to the results of
previous scientific publications, which proves
that the system of equations, calculation
methods, and parameters are relatively reliable.
The above calculation results can be applied to
similar weapons in the process of designing,
manufacturing, improving or exploiting
weapons at the military base. %
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