5t

2
=

X Ol
cE

a5k

-
=)

ot

31X M 293 335 pp. 324-333 March 2012 / 324

—

ournal of the Korean Society for Precision Engineering Vol. 29, No. 3, pp. 324-333

NE#AZY FE SR HEY ¢l

Application Study of Recoil Mechanism using Friction Springs
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The conventional medium and large caliber gun, in general, utilize the hydro-pneumatic recoil
mechanism to control the firing impulse and to return to the battery position. However, this kind of
mechanism may cause the problems like the leakages and the property changes in oil and gas
due to the temperature variations between low and high temperatures. Accordingly, the friction
spring mechanism has recently been researched as an alternative system. The friction spring
mechanism consists of a set of closed inner and outer rings with the concentric tapered contact
surfaces assembled in the columnar form, and can only be used under the compression load.
When the spring column is axially loaded, the tapered surfaces become overlapped, causing the
outer rings to expand while the inner rings are being contracted in diameter allowing an axial
displacement. Because of friction between tapered contact surfaces, much higher spring stiffness
is obtained on the stroke at the increase in load than the stroke at the decrease. In this paper, the
dynamic equations regarding the friction spring system and the design approach have been
investigated. It is also tried for a dynamic model representing the recoil motion and the friction
spring forces. And the model has been proved from firing test using a gun system with friction
springs. All the results show that the recoil mechanism using friction springs can substitute for the
classic hydro-pneumatic recoil system.

71243

A;= inner element cross sectional area
A, = outer element cross sectional area
by = width of friction spring

E = modulus of elasticity

F = compressive force

Key Words: Friction Spring (FF&F A X&) Ring Spring (2 2 Z &), Structural Friction (T:Z 0OF&), Energy Dissipation (Of
LA 24, Recoil Mechanism (FE| 5 £ & %|)

K= friction spring force

M = recoil mass

N = total normal force

n = total number of interfaces
r; = inner element mean radius
r, = outer element mean radius
Iy, = mean radius (= (r;+1,)/2)

K = spring stiffness under increasing load x = recoil distance

K; = spring stiffness under decreasing load X= recoil velocity

K = total recoil force

X=recoil acceleration
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W = recoil weight

t =time

t.= projectile exit time

t,= time at the maximum recoil
o= taper angle of friction spring

6 =total axial displacement

Oy = initial set-up distance

B = muzzle factor

1 = muzzle efficiency

6 = azimuth

pn = friction coefficient of spring
W, = friction coefticient of dynamic model
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K., = nE Aj tan o (uttan a)
1 rmn (14+Ai/Ag) 1—ptan a
nE Aj tan a (tan a—p)
K3

- rm 0 (14+A/AQ) 1+ptan a

(a) Outer ring

(b) Inner ring
Fig. 3 Force diagram at increasing load
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(a) Outer ring (b) Inner ring

Fig. 4 Force diagram at decreasing load

Table 1 example of Spring stiffness ratio by tapered angle
& friction coefficient

o n K1/K3
0.10 2.65
13
0.12 3.35
0.10 2.46
14
0.12 3.03
0.10 2.31
15
0.12 2.80
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Fig. 6 Load-displacement curve of recoil mechanism
using friction springs

ey 2 g ALe e gol s
A4S Ao

279 A AS(E) = 200,000 Mpa

2z o] A (o) = 14°

wEEAE (W) =0.12

WHEe =A@ =2736mm

QR AR (®r,)  =29.89 mm

2230 B A(r,) = (1,41;)/2=28.62 mm

WE-He gd (A) =34.55 mm’

Rl tHH (A) =39.73 mm’

A=+ (n) =44

W Fig. NE

e A7 Hoh Fig 7 oA z71 19@47} 9=
AL g8 P T 67.02 %, 2 4= FAFT 89.12%
23 G5 PFF 9641 %] L PAE FAT
_/‘,: o

&)

2] 510 %S =7
Fig. 7 oA =7] %%%7} Z5F AF A
tap Zo] mzA Y

=
S g F 9
z7] ZHHYE HE&d A 1 g5 dY F
72.99 %, 2 FA F 94.74%, 3 FAH F 9931 %
FaE AT F vk mpERAEZE e

Fogy: Ao ~ZYHo Wil glo] u/eF
o] AAgAFEZR ol nldste] Ao s
7F 54 s ek Zlelth Fig 8 oA +
801:

Aol e AF P uEe WS QAR +
WY RF 4400 AU 488 4 o
st 2% i = 2

initial set-up ratio
0.8 — 0%
-- 8%
0.6 ----10 %

relative displacement

T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
time(sec)
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Fig. 9 Schematic diagram of recoil motion
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Fig. 10 Breech force curve considering muzzle factor(B)

Table 2 Input data for recoil analysis

Item Values

Recoil mass(M) 200~(220)~260kg
azimuth(0) 0~ (70%
Initial set-up force 1*M*g~(3*M*g)~5*M*gN
Muzzle factor(p) 0.0~(0.7)~1.1
Number of friction

L L (44/22)~66/44 EA
springs in +/- direction
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Fig. 12 Recoil motion by muzzle factors
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Table 3 Measuring contents

Content Sensors Measuring range
Pressure Piezo sensor 25~50 ksi
Recoil distance LVDT -40~+70 mm
Recoil force Load cell -55~+55 kN
Projectile exit time | IR sensor -

T T
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time(msec)

(a) recoil distance
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Fig. 15 Recoil motion by number of interfaces
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