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Abstract: In the test bed of recoil mechanism, recoil mechanism completed the recoil and counterrecoil
process, pushed by hydraulic cylinder. The test bed consisted of the mechanical system, the hydraulic system
and the electrical system. Based on ADAMS software and EASY5 software, the dynamic model and
hydraulic system model of test bed were respectively built. On the basis of these models, mechanismhydraulic co-simulation model of test bed was built, and co-simulation analysis was developed. The
movement curves of piston rod and pressure curves of accumulators were obtained. The study will provide a
theoretical basis for the engineering application of test bed.
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mechanism, recoil mechanism completed the recoil
and counterrecoil process, pushed by hydraulic
1 Introduction
cylinder. The design index of the test bed was that
the maximum recoil and counterrecoil velocity of
Recoil mechanism is a core part of gun system, and
recoil mechanism should be above 1m/s.
gun performance depends largely on it. Gun recoil
The mechanical system consisted of the recoil
mechanism varied in types and structure sizes.
mechanism, the test bench, the connecting seat, the
After the decomposition and combination in army
force sensor, the high speed hydraulic cylinder and
and factories, some simple methods were usually
so on, shown in Figure 1. For the different types of
used to check up the performance of recoil
recoil mechanism, back support bushings, front
mechanism, for example artificial boost, gas
support bushings and sleeve can be adjusted to
leakage detection, liquid leakage detection and so
expand the application scope.
on. These methods were not universal and
The hydraulic system consisted of hydraulic
quantitative, which were difficult to meet the need
pumps, displacement sensors, plug-in valves, highof various guns maintenance and detection. In this
pressure accumulators, low pressure accumulators,
paper, a new type test bed of recoil mechanism was
filters, relief valves, check valves, the data
studied on the structure and principle analysis.
acquisition and control system and so on. High
Based on virtual prototyping technology, copressure accumulators and plug-in valves were used
simulation model of test bed was built and analyzed.
to provide large flow of fluid oil in the dynamic
2 Test bed structure of recoil mechanism
impact process. The data acquisition and control
The test bed of gun recoil mechanism consisted of
system was used to receive test signals of sensors
the mechanical system, the hydraulic system and
and control the valve components.
the electrical system. In the test bed of recoil
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The electrical system consisted of the
operational console, the PLC control system, the
device protection circuit and the laser printer. PLC
control system was the control core of the electrical
system. The operational console was used to set
forces limits and positions limits. When the
1

3

4

5

6

7

resistance was above normal more than 20 percent,
the device protection circuit started to run, at one
time the test bed stopped and saved test data. The
laser printer was used to print test data and test
curves, fulfilling the data output function.

8 9

10

2

Figure 1 Test bed of recoil mechanism
1-recoil mechanism; 2-test bench; 3-back support bushings; 4-back support;
5-front support; 6-front support bushings; 7-sleeve; 8-connecting seat;
9-force sensor; 10-high speed hydraulic cylinder
 Mq + Φ q= Q + Fg

0
Φ (q, t ) =

3 Test bed modeling
Take a certain type of gun recuperator for example,
mechanism-hydraulic co-simulation model of test
bed was built based on virtual prototyping
technology.

(1)

Where, q was the generalized coordinate array;
M , Φ q , Q were respectively the generalized mass

matrix, the Jacobi matrix of constraint equations
Φ ( q, t ) =
0 and the generalized force matrix. Fg was

3.1 Dynamic Model
Based on dynamic simulation software ADAMS [2,
3]
, dynamic model of test bed was built, of which
recoil mechanism was recuperator, shown in Figure
2. Dynamic model mainly consisted of three parts,
hydraulic cylinder, recuperator and connecting
device.
recuperator

connecting device

the generalized force matrix of contact force F ,
which can be calculated by the entity impact model
based on impact function [5].
During the recoil process, recuperator provided
recoil resistance [4, 5]. Recuperator was
hydropneumatic, of which operational principle was
shown in figure 3.

hydraulic cylinder

recoil rod
counterrecoil
rod recoil fluid

Figure 2 Dynamic model of test bed
Lagrange multiplier method was used to build
dynamic equations automatically by ADAMS
software, and impact hinge was introduced in the
form of equivalent impact force to dynamic
equations [4]. The dynamic equations of the test bed
were described as follow.
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high-pressure gas

Figure 3 Operational principle of recuperator
In the recuperator, gas was the storage medium,
and liquid acted to transmit force and sealing gas.
During the recoil process, gas in the recuperator
was compressed due to the movement of the
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counterrecoil rod, which produced recoil resistance
to the piston through the liquid.
Change of gas pressure was described by the
polytropic process.
n
(2)
=
p f γ n p=
cos nt
f 0γ 0
Where,

Pf

、

Pf 0

were

respectively

the

instantaneous pressure and the initial pressure of
gas in the recuperator; γ 、 γ 0 were respectively the
instantaneous volume and the initial volume of gas
in the recuperator; n was the polytropic exponent,
depended on the heat transfer condition and the
piston velocity.
Regardless of friction, recoil resistance can be
described as follow [6, 7].
γ
(3)
=
Ff A=
Af p f 0 ( 0 ) n
f pf
γ

1-valve core; 2-spring; 3-valve sleeve; 4-seal
Figure 4 Structure of plug-in valve
Through the above structural analysis, the
mathematical model of plug-in valve can be
obtained. Regardless of valve core gravity and
friction, force equation of valve core of plug-in
valve was:
(5)
p A AA + pB AB − p X AX − k ( x0 + xL ) − F2 =
mL xL
Where, p A , pB , p X were respectively the chambers
pressure of A, B and X; AA , AB , AX were

Where, Af was the work area of recuperator piston.
Introduced the equivalent length of initial
recuperator volume l0 = V0 / Af , then the volume of

respectively the effective action areas of the three
chambers; k was the spring stiffness; x0 was the
initial spring compression; xL was the valve core
displacement; mL was the valve core mass; F2 was

any gas was V =V0 − Af x =Af (l0 − x) . Equation (3)
can be described
 l 
Ff = Af p f 0  0 
 l0 − x 

n

(4)

the steady-state flow force,

=
F2 2cπ d A xL ( p A − pB ) cos α , c was the valve orifice

flow coefficient, α was the valve orifice taper
Flow equation of plug-in valve was:

3.2 Hydraulic system model

Q = 2cπ d A xL sin α

As the hydraulic cylinder has a high speed during
the work process of test bed, so the high hydraulic
flow was needed. Plug-in valves and accumulator
were used in the hydraulic system model to achieve
the goal.

ρ

(6)

3.2.2 Hydraulic system model
Based on hydraulic simulation software EASY5,
hydraulic system model of test bed was built,
shown in Figure 5.

3.2.1 Plug-in valve model
Four plug-in valves were used in the hydraulic
system model, work principle of plug-in valve was
shown in Figure4.
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2( p A − pB )

The work process of test bed consisted of three
stages, energy storage stage, stroke stage and return
stage.
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1, 18- hydraulic pump; 2, 17-filter; 3, 16- relief valve; 4-check valve; 5- high pressure accumulator;
6, 7, 11, 12- plug-in valve; 8, 14 throttle valve; 9- hydraulic cylinder; 10-ADAMS interface;
13-low pressure accumulator; 15-reversing valve; 19-tank; 20-control system
Figure 5 Hydraulic system schemes
The driving force of the piston rod was obtained
(1) Energy storage stage: the hydraulic
based
on the hydraulic system model built in
pumps 1 and 18 were open to provide oil to
EASY5
software. The displacement and velocity of
high pressure accumulator 5 at the same time.
the piston rod were obtained based on the dynamic
(2) Stroke stage: when the pressure of high
model built in ADAMS software. Parameters
pressure accumulator reached a certain value,
relation of the dynamic model and hydraulic system
open the plug-in valves 6 and 11, two hydraulic
model was shown in Figure. 6.

pumps and the high pressure accumulator
provided oil to the left chamber of hydraulic
cylinder, pushing the piston rod move to a high
speed. The hydraulic oil in the right chamber of
hydraulic cylinder 9 flowed through the plug-in
valve 11 into low pressure accumulator 13.
(3) Return stage: when the stroke stage
finished, closed plug-in valves 6 and 11,
opened plug-in valves 7 and 12, the piston rod
of hydraulic cylinder returned to the initial
position by the recuperator.

Hydraulic cylinder is the coupled component of
dynamic model and hydraulic system model. The
two models are connected by the ADAMS
Mechanism module of hydraulic cylinder. Based on
the hydraulic system model, when the ADAMS
mechanism module was added, the connection
between EASY5 software and ADAMS software
was completed [8], and the co-simulation model of
test bed was built.

3.3 Co-simulation model
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dynamic model

parameters, constraints and
forces of dynamic model

velocity and

hydraulic system model

displacement

pressue calculation equations
flow calculation equations

hydraulic force

state parameters of hydraulic
system

Figure 6 Parameters relation of the dynamic model
and the hydraulic system model

4 Simulation analysis of test bed
Based on the mechanism-hydraulic co-simulation
model, co-simulation analysis was developed.
When the pressure of the high pressure accumulator
was 12MPa, the plug-in valves 6 and 11 were open,
and the stroke stage started. When the counterrecoil
rod reached a certain position, the return stage
started.

4.1 Displacement and velocity of piston rod
Based on the co-simulation model, displacement
and velocity curves of piston rod in one work
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process were obtained by simulation analysis,
shown in Figure 7 and Figure 8.
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Figure 9 Pressure of high-pressure
accumulator
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Figure 7 Displacement of piston rod
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Figure 8 Velocity of piston rod
The piston rod of hydraulic cylinder and
counterrecoil rod were fastened together, so the two
parts had the same displacement and velocity. To
save the simulation time, the initial pressure of
high pressure accumulator was set to 12MPa, so
the stroke stage started firstly. As can be seen from
Figure 7 and Figure 8, the maximum recoil velocity
of counterrecoil rod was 1.443m/s in the stroke
stage(0~0.848s), and the maximum counterrecoil
velocity of counterrecoil rod was 1.339m/s in the
return stage(0.848~1.613s), which were greater than
1m/s. The test bed spent 1.613 second to complete
one test process.

4.2 Accumulator pressure
During the simulation process, the initial pressure
of high-pressure accumulator was set to 12MPa,
based on the co-simulation model, the pressure
curves of high-pressure accumulator and lowpressure accumulator in one work process were
obtained by simulation analysis, shown in Figure 9
and Figure 10.
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Figure 10 Pressure of low-pressure accumulator
As can be seen from Figure 9 and Figure 10,
during the stroke stage, the pressure of highpressure accumulator was reduced from 12MPa to
10.49MPa, and the pressure of low-pressure
accumulator was raised from 0.3MPa to 1.76MPa.
When the stroke stage finished, two hydraulic
pumps simultaneously provided oil to the highpressure accumulator, which was raised to 12MPa
at 1.982s. at the same time, the pressure of lowpressure accumulator was reduced to the initial
pressure. From the simulation analysis above, the
test bed spent about 2s to complete the recoil and
counterrecoil process.

5 Conclusion
The structure and operational principle of the test
bed of recoil mechanism were discussed, which
consisted of the the mechanical system, the
hydraulic system and the electrical system.
Based on the ADAMS software and EASY5
software, the dynamic model and hydraulic system
model of the test bed were built. Then the
mechanism-hydraulic co-simulation model of test
bed was built, and co-simulation analysis was
developed. The maximum recoil and counterrecoil
velocity of counterrecoil rod were greater than 1m/s,
which indicated that the test bed design met the
initial performance index. The test bed spent about
2s to complete the recoil and counterrecoil process.
The test bed can be used to improve the
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performance detection and maintenance support,
and the study will provide a theoretical basis for the
engineering application of test bed.
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