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1 Introduction 

The floating technology is a new recoil reduction technology, which is mainly used 

in open bolt firearms. Compared with the traditional recoil reduction technology, the 

floating technology uses the impulse of return process of the bolt carrier group to 

offset the recoil impulse which is produced by the internal ballistic force
[1]
. The 8.6mm 

caliber LWMMG machine gun of General Dynamics, the 8.6mm caliber LWMG machine gun of 

SIG Arms, and the 6.8mm caliber machine gun which participates in the NGSW program of 

US Army all adopt the floating technology
[2][3]

. The application of floating technology 

in foreign firearms have been under researching. In current public reports, the 

calculation or motion characteristic of floating machine gun is quite rare.  

To realize fixed-point floating, the floating lock is widely uesd in Chinese 

floating firearms
[4]
. Lu Ye studied the differences of recoil force and dynamic 

characteristics between floating and non floating states of a machine gun, and the 

effects of muzzle brake efficiency and firing angle are also studied
[5][6]

. Wang Yang 

studied the effects of floating spring stiffness and floating lock position on the 

dynamic characteristics of a machine gun
[7]
. Song Jie studied the influence of piston 

chamber parameters on a floating machine gun
[8]
.  

A new floating technology without floating lock is focused in this paper, which 

realizes floating by the double receiver and bidirectional buffer spring. The model can 

be simplified as a two degree of freedom floating machine gun system. The effects of 

the stiffness of bidirectional buffer spring and recoil spring on the motion 

characteristics of the floating machine gun, especially the recoil ending state of the 

floating body, floating efficiency and the consistency of firing state are analyzed in 

this paper by variable parameter method, so as to provide a scientific basis for 

parameter matching, improve the recoil reduction effect and motion consistency of the 

floating firearms.  

2 Calculation model of the floating machine gun 

2.1 Calculation model of floating machine gun 

The floating machine gun model of this paper is shown in Figure 1.  



 

 

 
 Model of the floating machine gun 

In the floating machine gun model, the bolt carrier group and the inner receiver 

are connected by the recoil spring, and the bolt carrier group can make a reciprocating 

motion in the inner receiver. The inner receiver and the barrel are rigidly connected 

to form the floating body. The floating body and the outer receiver are connected by 

the bidirectional buffer spring, and the floating body can make a reciprocating motion 

in the outer receiver. The machine gun is designed with locking mechanism and feeding 

mechanism, which are connected with the machine gun in the form of cam-curve groove. 𝑂1、𝑂2 is the mark point on the outer receiver（the floating part）, 𝐼1、𝐼2、𝐼3 is the 
mark point of inner receiver, 𝐼1、𝑂2 is the displacement zero of the bolt carrier group 
and the floating body respectively. Direction from 𝐼3 to 𝐼1 of the bolt carrier group, 
from 𝑂2 to 𝑂1 of the floating part is called recoil, which is the positive direction 
of displacement, and direction from 𝐼1 to 𝐼3 of the bolt carrier group, from 𝑂1 to 𝑂2 
of the floating part is called return, which is the negative direction of displacement. 

The black, red, green and yellow arrows in Figure 1 represent the internal ballistic 

force, the piston chamber force to the floating body, the piston chamber force to the 

bolt carrier group and the feeding resistance respectively. The piston chamber force to 

the floating body and the bolt carrier group are equal and opposite. The motion cycle 

of the floating machine gun is as follows.  

When the trigger is released, the bolt carrier group starts to return under the 

action of the recoil spring from 𝐼2 to 𝐼3. During the return process, the feeding 

mechanism is dirven by the bolt carrier group, which is affected by feeding resistance. 

When the bolt carrier group return to 𝐼3, it will impact the floating body which is in 𝑂2 and force the floating part to start to return and firing the bullet. The negative 
return momentum carried by the bolt carrier group and the floating body can offset the 

negative impulse generated by the internal ballistic force, so as to achieve the purpose 

of momentum offset.  

After firing the bullet, the floating body starts to recoil under the action of 

internal ballistics force and the piston chamber force to the floating part, and 

decelerate under the action of the bidirectional buffer spring. The bolt carrier group 

starts to recoil under the action of the piston chamber force to the bolt carrier group, 

and decelerate under the action of the recoil spring force. When the bolt carrier group 

recoil to 𝐼1, it will impact the floating body and push the floating body to recoil 
further. After that, the bolt carrier group starts to return under the action of the 

recoil spring, and the floating body performs as forced recoil-return amplitude 

attenuated simple harmonic motion (FRAASHM) under the action of the bidirectional buffer 



 

 

spring. During the recoil process, the floating body should decelerate as much as 

possible under the action of bidirectional buffer spring, so as to reduce the collision 

between the floating body and the outer receiver. Ideally, the floating body velocity 

should be decelerated to 0 by the bidirectional buffer spring before returning back to 𝑂1, and then begin the FRAASHM without colliding with the outer receiver.  
It is called the bolt carrier group return ending state and recoil ending state 

when the bolt carrier group return to 𝐼3 and recoil to 𝐼1 respectively, it is called the 
floating body recoil ending state when the bolt carrier group recoil to 𝐼1. At the bolt 
carrier group return ending state, the bolt carrier group fires the bullet, so the bolt 

carrier groupr return ending state also meaning the firing state, the corresponding 

time is called the firing time.  

The differential equation of motion of floating machine gun is shown in the flowing 

formula: 

{𝑚𝐵（𝑥�̈� + 𝑥�̈�）𝑥�̈� = 𝐹𝑏 + 𝐹𝑚 + 𝐹𝑝𝑚𝐹𝑥�̈� = 𝐹𝑓−𝐹𝑏 − 𝐹𝑝 + 𝐹𝑖 − ∅  

Where 𝑚𝐵、𝑚𝐹、𝑥�̈�、𝑥�̈� denotes the mass of the bolt carrier group, the floating body, 
acceleration of the bolt carrier group relative to the floating body and the absolutely 

acceleration of the floating body respectively. 𝐹𝑏、𝐹𝑓、𝐹𝑚、𝐹𝑖、𝐹𝑝、∅ denotes the 

recoil spring force, bidirectional buffer spring force, feeding resistance, internal 

ballistic force, piston chamber force and floating spring damping.  

{  
  𝐹𝑏 = 𝐹𝑠𝑏 + 𝑘𝑏(190 + 𝑥𝐵)𝐹𝑖 = 𝑃𝑖𝑆𝑖𝐹𝑝 = 𝑃𝑝𝑆𝑝𝐹𝑓 = 𝐹𝑠𝑓+𝑘𝑓|𝑥𝑜 − 𝑥𝐹|  

𝐹𝑠𝑏、𝑘𝑏 denotes the preload and stiffness of the recoil spring. 𝑃𝑖、𝑃𝑝、𝑆𝑖、𝑆𝑝 denotes 
the internal ballistic pressure, piston chamber pressure, internal ballistic equivalent 

area and piston chamber equivalent area respectively. 𝐹𝑠𝑓、𝑘𝑓、𝑥0 denote the preload, 
stiffness and initial displacement of bidirectional buffer spring respectively.  

The bidirectional buffer spring is in equilibrium when the floating body is in mark 

point 𝑂2, and the floating body is not affected by the bidirectional buffer spring 
force. Whether in recoil or return process, as the floating body leave 𝑂2, the floating 
body will return to 𝑂2 under the action of bidirectional buffer spring force, while 
performs as FRAASHM. 𝑂2 is selected as the zero position of the displacement of the 
floating body, so 𝑥0 = 0, 𝑥𝐹 means the floating body displacement relative to 𝑂2, |𝑥𝐹| 
denotes the deformation length of bidirectional buffer spring relative to the 

equilibrium position. The parameters of the floating machine gun model are shown in 

Table 1.  

Table 1 The parameters fo the floating machine gun model 

Name Preloa

d/N 

Stiffness

（N/mm） 

Name Mass

（kg） 

The bidirectional buffer 

spring 

149 8 The bolt carrier 

group 

1.33 

The recoil spring 14.675 0.25 The floating body 5.6 

The matrix form of the differential equation of motion could be performed as the 



 

 

flowing formula. [M]、[X]̈ 、[F] denotes the mass matrix, acceleration matrix and force 
matrix respectively.  

{  
  
  [M][X]̈ = [F][M] = [𝑀𝐵𝑀𝐹][X]̈ = [𝑥�̈� + 𝑥�̈�𝑥�̈� ][F] = [ 𝐹𝑏 + 𝐹𝑚 + 𝐹𝑝𝐹𝑓−𝐹𝑏 − 𝐹𝑝 + 𝐹𝑖 − ∅]

 

There is an impact process between the floating body and the bolt carrier group at 

the firing state or recoil ending state of the bolt carrier group. The velocitys after 

the impact is shown in the flowing formula: 

{𝑥�̇�′ = 𝑥�̇� + 𝑥�̇� − 𝑚𝐹𝑚𝐵 +𝑚𝐹 (1 + 𝑏1)𝑥�̇� − 𝑥�̇�′𝑥�̇�′ = 𝑥�̇� + 𝑚𝐵𝑚𝐵 +𝑚𝐹 (1 + 𝑏1)𝑥�̇�  

𝑥�̇�′、𝑥�̇�、𝑥�̇�′、𝑥�̇� denotes the velocity of the bolt carrier group and the floating 
body after and before the impact. There is an impact process between the floating body 

and the outer receiver at recoil ending state of the floating body, The velocity after 

the impact is shown in the flowing formula: 𝑥�̇�′ = −𝑏2𝑥�̇� 𝑏1、𝑏2 denotes the impact coefficient between the bolt carrier group and the floating 
body, and between the floating body and the outer receiver,  

2.2 Determination of main load 

The forces applied in the floating machine gun model include interior ballistic 

force, piston chamber force and feeding resistance. The internal ballistic pressure can 

be expressed by the following formula
[9]
.  

 

{  
   
    
 𝜓 = 𝜒𝑍(1 + 𝜆𝑍 + 𝜇𝑍2)𝑑𝑍𝑑𝑡 = 𝑃𝐼𝑘𝑆𝑝𝑑𝑡 = 𝜑𝑚𝑑𝑣𝑆𝑝(𝑙 + 𝑙𝜓) = 𝑓𝜔𝜓 + 𝜃2𝜑𝑚𝑣2𝑣 = 𝑑𝑙𝑑𝑡𝑖𝑙𝜓 = 𝑙0（1 −△𝛿 −△（𝛼 − 1𝛿）𝜓）

 

𝑡𝑖、𝑙、𝑃、𝑣、𝜓、𝑍、𝑆、𝑊0、𝜔、𝛿 、𝑚、𝑙0、△、𝐼𝑘、𝛼、𝑓、𝜑、𝑝0 denotes the interior 
ballistic time, bullet displacement, the pressure of gas in the barrel, velocity of 

bullet, the mass percentage of burned gunpowder, relative burned thickness of gunpowder, 

area of the barrel, barrel chamber volume, gunpowder quantity, gunpowder density, mass 

of bullet, the initial equivalent volume of the barrel, charge density of gunpowder, 

total impulse of gunpowder gas pressure, residual volume of gunpowder gas, gunpowder 

force, coefficient, extrusion pressure respectively. 𝜒、𝜆、𝜇 denotes the characteristic 



 

 

quantity of powder shape. 𝑡𝑖 
The after effect period of interior ballistic pressure can be expressed by the 

following formula.  

{   
   𝑝𝑎 = 𝑝𝑘𝑒−𝑡ℎ𝑏𝑏 =（𝛽 − 0.5）𝜔𝑣0𝑆（𝑝𝑘 − 𝑝𝑒）𝛽 = 1110𝑣0

 

𝑝𝑎、𝑣0、𝑃𝑘、𝑃𝑒、𝑡
ℎ
、𝛽 denote the after effect period pressure, muzzle velocity, the 

average pressure in the barrel at the moment when the bullet flies out of the barrel, 

1.8 times atmospheric pressure, time calculated from the moment when the bullet flies 

out of the barrel, after effect coefficient.  

The piston chamber pressure is calculated according to Bravin's formula 

{   
   𝑃𝑠 = 𝑃𝑑𝑒−𝑡′𝑐 (1 − 𝑒−𝑎𝑡′𝑐 )𝑖0 = 𝑃𝑑 + 𝑃𝑘2 𝑡𝑑𝑘 + 𝛽 − 0.5𝑆 𝜔𝑣0𝑏 = 𝑖0𝑝𝑑

 

𝑃𝑠、𝑃𝑑、t′、a、c、𝑡𝑑𝑘 denotes the piston chamber pressure, average pressure in the 
barrel at the moment when the bullet passes through the gas hole, time from the moment 

when the bullet passes through the gas hole, structural coefficient, time constant, the 

movement time of bullet from the gas hole to the muzzle.  

The internal ballistic pressure and piston chamber pressure are shown in Figure 2. 

The rigid flexible coupling model of the belt is established according to MPC-BRE2 

method
[10][11]

, and the feeding resistance is measured and shown in Figure 3.  

 
 Pressure- time curve of interior ballistics and piston chamber 



 

 

 
 Curve of feeding resistance and absolute displacement of the bolt 

carrier group 

3 Experimental research and model verification 

The physical prototype and experimental system are established based on the floating 

machine gun model shown in Figure 1. The high-speed camera mark points are set on the 

floating body and the bolt carrier group respectively. The motion of the floating body 

and the bolt carrier group are recorded by high-speed camera to obtain the absolute 

displacement-time curve, and then the velocity-time curve is obtained through numerical 

analysis. The physical prototype and experimental system are shown in Figure 4.  

 
 The high-speed camera mark points of the physical prototype and 

experimental system 

The motion parameters of 5 shots is recorded by the experimental system and then 

compared with the calculation results in Table 2. 𝑣𝐹𝑟𝑜−𝑚𝑎𝑥、𝑣𝐹𝑟𝑛−𝑚𝑎𝑥、𝑥𝐹𝑟𝑜−𝑚𝑎𝑥、𝑥𝐹𝑟𝑛−𝑚𝑎𝑥、𝑣𝐹𝑟𝑜−𝑒𝑛𝑑、𝑣𝐹𝑟𝑛−𝑓𝑖𝑟、𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 denotes the maximum recoil velocity、maximum return velocity、

maximum recoil displacement、maximum return displacement、recoil ending state velocity、



 

 

firing time velocity、firing time displacement of the floating body respectively. 𝑣𝐵𝑟𝑜−𝑚𝑎𝑥、𝑣𝐵𝑟𝑛−𝑚𝑎𝑥、𝑥𝐵𝑟𝑜−𝑚𝑎𝑥、𝑣𝐵𝑟𝑜−𝑒𝑛𝑑、𝑣𝐵𝑟𝑛−𝑓𝑖𝑟 denotes the maximum recoil velocity、
maximum return velocity、maximum recoil displacement、recoil ending state velocity、

firing time velocity of the bolt carrier group respectively. Comparing the data in Table 

2, there is a large difference between the experimental and calculation 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟, but 
the values are -0.26 and -0.83 respectively, and the actual difference is acceptable. 

The relative errors between other calculation and experimental results are less than 

17%, which verifies the correctness of the model.  

Table 2 Comparison between experimental and calculation values of the floating body 

model 

 Name 1st fire 2nd fire 3rd fire 4th fire 5th fire Average Jump Error 

Experimental 

results 

𝑣𝐹𝑟𝑜−𝑚𝑎𝑥（mm/s） 1094 1286 1370.9 1481.9 1426.4 1331.8 387.9 -4.9% 𝑣𝐹𝑟𝑛−𝑚𝑎𝑥（mm/s） -901.7 -853.6 -846.2 -868.5 -890.6 -872.1 55.5 2.4% 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥（mm） 19.1 19.1 19.1 19.1 19.1 19.1 0 0.0% 𝑥𝐹𝑟𝑛−𝑚𝑎𝑥（mm） -10.2 -9.3 -8.9 -8.9 -9.8 -9.4 1.3 16.3% 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑（mm/s） 1201.1 831.5 739.2 1200.1 1109 1016.2 461.9 0.9% 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟（mm） -81.3 -609.8 -591.2 -517.3 -591.3 -478.1 528.5 15.2% 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟（mm） 0 1.2 0.4 -3.7 0.8 -0.26 4.9 -69.8% 𝑣𝐵𝑟𝑜−𝑚𝑎𝑥（mm/s） 9438.6 8934.8 9027.3 9176.3 9191.2 9153.6 503.8 0.4% 𝑣𝐵𝑟𝑛−𝑚𝑎𝑥（mm/s） -1951 -2398.5 -2115 -2057.9 -2316.9 -2167.8 447.5 -12.0% 𝑥𝐵𝑟𝑜−𝑚𝑎𝑥（mm） 43.1 28.8 21.1 21.8 15 26 28.1 -5.9% 𝑣𝐵𝑟𝑜−𝑒𝑛𝑑（mm/s） 5904.0  5296.0  6047.1  5817.5  6231.8  5859.3  935.8 5.5% 𝑣𝐵𝑟𝑛−𝑓𝑖𝑟（mm/s） -1978.9 -2089.1 -2029.5 -1970.1 -2178.6 -2049.2 208.5 4.7% 

Calculation 

results 

𝑣𝐹𝑟𝑜−𝑚𝑎𝑥（mm/s） 1206.1 1553.3 1208.1 1564.9 1468.7 1400.2 358.8  𝑣𝐹𝑟𝑛−𝑚𝑎𝑥（mm/s） -847.3 -845.5 -861.5 -860.5 -845.3 -852 16.2  𝑥𝐹𝑟𝑜−𝑚𝑎𝑥（mm） 19.1 19.1 19.1 19.1 19.1 19.1 0  𝑥𝐹𝑟𝑛−𝑚𝑎𝑥（mm） -8.5 -8.3 -8.5 -8.7 -6.4 -8.08 2.3  𝑣𝐹𝑟𝑜−𝑒𝑛𝑑（mm/s） 844.1 1137.8 704.2 1319.8 1029.3 1007.0 615.6  𝑣𝐹𝑟𝑛−𝑓𝑖𝑟（mm） 0 -608.1 -575.5 -270.8 -621.1 -415.1 621.1  𝑥𝐹𝑟𝑛−𝑓𝑖𝑟（mm） 0 1.3 -1.7 -5.5 1.6 -0.86 7.1  𝑣𝐵𝑟𝑜−𝑚𝑎𝑥（mm/s） 9114.0 9212.2 8919.1 9211.1 9117.3 9114.7 293.1  𝑣𝐵𝑟𝑛−𝑚𝑎𝑥（mm/s） -2041.1 -2579.2 -2584.7 -2531.7 -2586.1 -2464.6 545  𝑥𝐵𝑟𝑜−𝑚𝑎𝑥（mm） 28.3 27.8 25.4 28.7 27.9 27.62 3.3  𝑣𝐵𝑟𝑜−𝑒𝑛𝑑（mm/s） 4910.3 6389.6 5046.6 6346.1 5090.1 5556.5 1479.3  𝑣𝐵𝑟𝑛−𝑓𝑖𝑟（mm/s） -1787.6 -2063.7 -1903.6 -1783.5 -2248.8 -1957.4 465.3  

The curves of velocity-time, displacement-time of the floating body and the bolt 

carrier group obtained by the experiment are shown as the red curves, while the 

calculation results are shown as the black curves in Figures 5, 6, 7 and 8. The 

experimental results are basically consistent with the calculation results.  



 

 

 
 Displacement-time curve of the bolt carrier group 

 
 Velocity-time curve of the bolt carrier group 

 
 Displacement-time curve of the floating body 



 

 

 
 Velocity-time curve of the floating body 

As shown in the red curve in Figure 5, 6, the bolt carrier group performs as forced 

reciprocating motion, and there is a certain random difference between each cycle. Point 

A is the starting position of the bolt carrier group's return process. After point A, 

the bolt carrier group is affected by the feeding resistance, the velocity of the bolt 

carrier group increases first and then decreases, which is shown as α bulge in Figure 
6. Point B refers to the position of the firing state of the bolt carrier group, the 

velocity of the bolt carrier group increases rapidly under the piston chamber force to 

the bolt carrier group, which is shown as 𝛽𝑏 vertical segment in Figure 6. Point C 
refers to the position of the bolt carrier group recoil ending state, the bolt carrier 

group collides with the floating body and decelerates rapidly, which is shown as 𝛾𝑏 
vertical segment in Figure 6. Point D is the position where the bolt carrier group fires 

the bullet again. The average cycle frequency of the bolt carrier group is 350 

rounds/minute, the average 𝑣𝐵𝑟𝑜−𝑚𝑎𝑥 is 9153.6mm/s, and the velocity jump is 503.8mm/s; 
The average 𝑣𝐵𝑟𝑜−𝑒𝑛𝑑 is 5859.3mm/s and the jump is 935.8mm/s; The average 𝑣𝐵𝑟𝑛−𝑚𝑎𝑥 is -
2167.8mm/s and the jump difference is 447.5mm/s.  

As shown in the red curve in Figure 7, 8, there is also a certain random difference 

between each cycle of the floating body. Points A, B, C and D in Figure 7 and figure 8 

denote the same meaning as those in Figure 5 and Figure 6. At point B, the bolt carrier 

group fires the bullet, as the force of the piston chamber is less than the internal 

ballistic force, the floating body recoils under the combined force and decelerates 

under the action of bidirectional buffer spring, which is shown as 𝛽𝑓 bulge in Figure 
8.  

At point C, the bolt carrier group collides with the floating body, the velocity of 

the floating body increases rapidly again and decreases under the bidirectional buffer 

spring force, which is shown as γ𝑓 bulge in Figure 8. After the impact, the floating 
body performs as FRAASHM under the action of bidirectional buffer spring. The average 𝑣𝐹𝑟𝑜−𝑚𝑎𝑥 is 1331.8mm/s, and the velocity jump difference is 387.9mm/s; The average 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 1016.2mm/s and the jump difference is 461.9mm/s; The average 𝑣𝐹𝑟𝑛−𝑚𝑎𝑥 is -
872.1mm/s and the jump difference is 55.5mm/s. As the 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 is taken as the starting 
point of FRAASHM, and the bullet is fired after about 1.3 cycles of FRAASHM.  

At the bolt carrier group recoil ending position, there is the interaction between 

the floating body and the bolt carrier group. At the firing time, both the floating 



 

 

body and the bolt carrier group fire bullets in return process with forward negative 

momentum of -5401.6 n/mm·s, and the internal ballistic force impulse is 18610 kg·mm/s. 

In this paper, the floating efficiency is defined as the negative ratio of the common 

return momentum of the bolt carrier group and the floating body to the internal ballistic 

force impulse
[12]

, and the floating efficiency is 29%.  

4 Influence of stiffness of the bidirectional buffer 

spring on motion characteristics 

On the premise that the maximum compression stroke and preload of the bidirectional 

buffer spring remain unchanged, the parameters of the bidirectional buffer spring are 

changed by changing the stiffness. Four group of parameters are obtained as shown in 

Table 3, of which the first group is the original calculation data. The calculation 

parameters of 10 rounds firing of each group are shown in Table 4 and Figure 9, 10.  

Table 3 Parameters of the bidirectional buffer spring 

Group Stiffness（N/mm） Spring energy storage（J） 

1 8 4.4 

2 20 6.8 

3 32 9.2 

4 44 11.6 

Table 4 Parameters of the floating machine gun model in group 1-4 

Parameters 

Group 1 Group 2 Group 3 Group 4 

Average 
Standard 

deviation 
Average 

Standard 

deviation 
Average 

Standard 

deviation 
Average 

Standard 

deviation 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥（mm） 19.1 0.0 18.5 1.9 17.0 3.4 10.6 1.9 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑（mm/s） 1031.5 156.6 1045.8 405.0 742.0 562.1 0.0 0.0 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟（mm/s） -491.5 199.7 -339.5 281.4 211.3 199.5 125.2 429.3 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟（mm） -1.5 2.5 -8.9 3.8 -8.4 6.3 1.8 1.3 𝑣𝐵𝑟𝑜−𝑒𝑛𝑑（mm/s） 5194.8 607.9 5470.8 541.7 5567.5 512.7 5794.5 786.3 𝑣𝐵𝑟𝑛−𝑓𝑖𝑟（mm/s） -1992.0 160.1 -1982.4 144.0 -2059.5 206.9 -1896.9 209.7 

Return momentum

（N·mm/s） 

-5401.6  1278.4  -4537.7  1667.3  -1556.1  1154.0  -1821.7  2306.6  

Floating efficiency 29.0% 24.4% 8.4% 9.8% 



 

 

 
 Displacement-time curve of the floating body in group 1-4 

 
 Velocity-displacement-time curve of the floating body in group 1-4 

The gray straight lines in Figure 9 denotes the firing time, and the intersection 

of the gray straight line and the floating body displacement-time curve denotes the 

floating body displacement at recoil ending state. The red arrow refers to the 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥. 
After reaching 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 , the floating body begins to perform as FRAASHM under 

bidirectional buffer spring force. The first trough, the second peak, the second trough 

and the third peak are represented by green, blue, purple and gray arrows respectively.  

Figure 10 shows the velocity-displacement curve of the floating body. The 

displacement peaks and troughs of FRAASHM are presented in the shape of "⊂" and "⊃" 
respectively. The first trough, second peak, second trough and second peak are also 

marked by green, blue, purple and gray arrows respectively, and the orange arrow denotes 

the start point of the curve. 𝛽𝑓 bulge is presented as a "Λ" shaped column, which is 

called 𝛽𝑓 column and shown in the yellow shadow. The 𝛾𝑓 process is presented as a nearly 
vertical column, which is called 𝛾𝑓 column and shown in the red shadow.  

If the floating body carries on multi period of FRAASHM, there will be more layers 

of "⊂" and "⊃" curves. The coincidence of "⊂" and "⊃" curves reflects the degree of 
motion consistency of the floating body. The higher degree of overlap between the "⊂" 



 

 

and "⊃" curves, the more consistent in the motion of the floating body.  
4.1 The recoil ending state of the floating bodies in group 1-4 

In group 1, the average 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 1031.5mm/s. In the process of 10 rounds firing, 
the floating body collides with the outer receiver for 10 times, and average 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 
is 19.1mm. There is high degree of coincidence of the 𝛾𝑓 column. The standard deviation 
of the 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 156.6.  

In group 2, the average 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 1045.8mm/s. In the process of 10 rounds firing, 
the floating body collides with the outer receiver for 9 times, there are 9 highly 

coincident 𝛾𝑓 columns, the average 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 is 18.5mm. The standard deviation of the 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 405.  
In group 3, the average 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 742mm/s. In the process of 10 rounds firing, 

the floating body collides with the outer receiver for 7 times, there are 7 highly 

coincident 𝛾𝑓 columns, the average 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 is 17mm. The standard deviation of the 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 742.  
In group 4, the recoil momentum of the floating body is completely absorbed by the 

bidirectional buffer spring, and there is no collision between the floating body and 

the outer receiver in the recoil of the floating body, 𝛾𝑓 column disappears completely 
and translated as “⊃“ curves. The average 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 is 10.6mm.  

In conclusion, the recoil velocity and displacement of the floating body could be 

effectively reduced by increasing the stiffness of the bidirectional buffer spring. As 

the stiffness of the bidirectional buffer spring is 44N/mm, the floating body will 

recoil end without impacting outer receiver, and 𝛾𝑓 column will disappear. However, as 
the stiffness of bidirectional buffer spring increases, the coincidence degree of 𝛾𝑓 
column decreases, and the consistency of the floating body recoil ending state decreases.  

4.2 Momentum offsets in group 1-4 

In group 1, the average 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is -1.5mm, which nears the 0 displacement after the 
first wave peak. As the 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 is taken as the starting point of FRAASHM, FRAASHM 
carries out about 1.3 cycles, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟  is -491.5mm/s. 𝛽𝑓  columns are 

distributed between - 5mm and 0mm, which are relatively dense. The standard deviation 

of the 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 2.5. The floating efficiency is 29.0%.  
In group 2, the average 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is -8.9mm, which locats at the lower half phase 

after the first wave peak. FRAASHM carries out about 1.4 cycles. At the firing time, 

the floating body is still in return process, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is-339.5mm/s, the 
absolute value of the velocity is lower than that in group 1. There are two 𝛽𝑓 columns 
locats at 0 displacement, while the others locats at about - 13mm. The standard deviation 

of the 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 3.8. The floating efficiency is 24.4%.  
In group 3, the average 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is -8.4mm, which locates at the lower half phase 

after the second wave. FRAASHM carries out about 1.5 cycles. At the firing time, the 

floating body is in the recoil process, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is 211.3mm/s. There are 7 𝛽𝑓 columns locats at about -13mm. The standard deviation of the 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 6.3, which 
was the largest in the four group. In addition, since three 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 locate after the 
second wave trough and the rest locats after the first wave peak, the purple arrow in 

Fig.9 is represented by a dotted line. The floating efficiency is 8.4%.  



 

 

In group 4, the average 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 1.8mm, which locates between the upper half phase 
after the second wave trough and the second wave peak. FRAASHM carries out about 2 

cycles. At the firing time, the floating body is in the recoil process, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is 125.2mm/s. In the second cycle, the motion amplitude of the floating body 
has gradually decreased, the motion state changes more violently, and the standard 

deviation of 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is 429.3, which increases significantly compared with group 1-3. 
As the amplitude has been reduced, the standard deviation of 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 1.3, which is 
the smallest in group 1-4. In addition, since three 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 locates after the second 
wave peak and the rest locats before the second wave peak, the gray arrow in Fig.9 is 

represented by a dotted line. The floating efficiency is 9.8%.  

It can be clearly seen from Figure 10, in group 1-4, as the stiffness of 

bidirectional buffer spring increases, the layers of "⊂" and "⊃" increases, and the 
coincidence degree of "⊂" and "⊃" decreases. In group 4, the curve has been highly 
divergent, which reflects that the motion consistency of the floating body decreases as 

the stiffness of bidirectional buffer spring increases.  

From the perspective of floating efficiency, in group 1-4, with the increase of the 

stiffness of the bidirectional buffer spring, the 𝑣𝐵𝑟𝑛−𝑓𝑖𝑟 is relatively consistent, the 
main factor which affects the floating efficiency is the 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟. With the increase of 
the stiffness of the bidirectional buffer spring, FRAASHM carries out 1.3, 1.4, 1.5 and 

2 cycles respectively, and the firing time has been lagged gradually. At the firing 

time, the 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is first negative and then positive, and the floating efficiency is 
29.0%, 24.4%, 8.4% and 9.8% respectively.  

From the perspective of the consistency of firing state, the initial amplitude of 

FRAASHM is large but the state is stable, and the later motion changes sharply but the 

amplitude is small. In group 1-4, the firing time has been lagged gradually with the 

increase of the stiffness of the bidirectional buffer spring, and the standard deviation 

of 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 first increases and then decreases. When the stiffness of the bidirectional 
buffer spring is the 44N/mm, the standard deviation of the 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is the smallest, and 
the consistency of firing state is the best.  

5 Influence of stiffness of the recoil spring on the 

motion characteristics  

On the premise that the maximum compression stroke and preload of the recoil spring 

remain unchanged, the parameters of the recoil spring are changed by changing the 

stiffness. Four group of parameters are obtained as shown in Table 5, of which the first 

group is the original calculation data. The calculation parameters of 10 rounds firing 

of each group are shown in Table 6 and Figure 11, 12, 13.  

Table 5 Parameters of the recoil spring 

Group Stiffness（N/mm） Spring energy storage（J） 

5 0.3 7.7 

6 0.41 10.1 

7 0.51 12.5 



 

 

8 0.62 14.9 

Table 6 Parameters of the floating machine gun model in group 5-8 

Parameters 

Group 5 Group 6 Group 7 Group 8 

Average 
Standard 

deviation 
Average 

Standard 

deviation 
Average 

Standard 

deviation 
Average 

Standard 

deviation 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥（mm） 19.1  0.0  19.1  0.0  19.1  0.0  19.1  0.0  𝑣𝐹𝑟𝑜−𝑒𝑛𝑑（mm/s） 1031.5  156.6  761.0  250.5  816.0  169.7  957.5  154.3  𝑣𝐹𝑟𝑛−𝑓𝑖𝑟（mm/s） -491.5  199.7  -221.9  224.6  124.0  170.5  236.4  131.5  𝑥𝐹𝑟𝑛−𝑓𝑖𝑟（mm） -1.5  2.5  4.1  1.9  3.0  1.7  0.6  1.9  𝑣𝐵𝑟𝑜−𝑒𝑛𝑑（mm/s） 5194.8  607.9  5715.4  594.2  5138.3  514.7  4958.5  503.6  𝑣𝐵𝑟𝑛−𝑓𝑖𝑟（mm/s） -1992.0  160.1  -2610.0  174.0  -3233.9  134.4  -3695.5  240.0  

Return momentum

（N·mm/s） 

-5401.6  1278.4  -4713.8  1353.8  -3606.6  952.8  -3591.2  699.6  

Floating efficiency 29.0% 25.3% 19.4% 19.3% 

 
 Velocity-time curve of the bolt carrier group in group 5-8 

 
 Displacement-time curve of the floating body in group 5-8 



 

 

 
 Velocity-displacement-time curve of the floating body in group 5-8 

The black, red, green and yellow curves in Figure 12 denotes the velocity-time 

curves of the bolt carrier group in group 5-8. With the increase of the stiffness of 

the recoil spring, the 𝑣𝐵𝑟𝑛−𝑚𝑎𝑥 increases significantly, the total time of 10 rounds 
has significantly shortened. The motion frequency of the bolt carrier group, i. e. rate 

of fire, has increased significantly. In Figure 12, the rate of fire increase is 

presented as the interval of the firing time indicator line（gray straight line）has 

shortened significantly.  

5.1 The recoil ending state of the floating bodies in group 5-8 

In group 5, the average 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 1031.5mm/s. In the process of 10 rounds firing, 
the floating body collides with the outer receiver for 10 times, and average 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 
is 19.1mm. There is high degree of coincidence of the 𝛾𝑓 column. The standard deviation 
of the 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 156.6.  

In group 6, the average 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 761.0mm/s, In the process of 10 rounds firing, 
the floating body collides with the outer receiver for 10 times, and the average 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 
is 19.1mm. There is high degree of coincidence of the 𝛾𝑓 column. The standard deviation 
of the 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 250.5.  

In group 7, the average 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 816.0mm/s, In the process of 10 rounds firing, 
the floating body collides with the outer receiver for 10 times, and the average 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 
is 19.1mm. There is high degree of coincidence of the 𝛾𝑓 column. The standard deviation 
of the 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 169.7.  

In group 8, the average 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 957.5mm/s, In the process of 10 rounds firing, 
the floating body collides with the outer receiver for 10 times, and the average 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 
is 19.1mm. There is high degree of coincidence of the 𝛾𝑓 column. The standard deviation 
of the 𝑣𝐹𝑟𝑜−𝑒𝑛𝑑 is 154.3.  

In group 5-8, with the increase of the stiffness of the recoil spring, the 𝑥𝐹𝑟𝑜−𝑚𝑎𝑥 
and r 𝑣𝐹𝑟𝑜−𝑚𝑎𝑥 have no obvious changes, and there has always been the process that the 
floating body recoil ends and impacts the outer receiver, there has been high degree of 

coincidencebetween the 𝛾𝑓 columns.  
In group 5-8, the energy storage increase of the recoil spring is the same as that 



 

 

of the group 1-4 of bidirectional buffer spring. It can be concluded that, increasing 

the stiffness of the recoil spring has a lower influence on the recoil ending state of 

the floating body.  

5.2 Momentum offsets in group 5-8 

In group 5, the average 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is -1.5mm, which nears the 0 displacement after the 
first wave peak. FRAASHM carries out about 1.3 cycles, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is -491.5mm/s. 𝛽𝑓 columns are distributed between - 5mm and 0mm, which are relatively dense. The 
standard deviation of the 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 2.5. The floating efficiency is 29.0%.  

In group 6, the average 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 4.1mm, which locats near the first wave crest. 
FRAASHM carries out about 1.1 cycles. At the firing time, the floating body is still in 

return process, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is-221.9mm/s, the absolute value of the velocity is 
lower than that in group 5. 𝛽𝑓 columns are uniformly distributed near 4.1mm. The 

standard deviation of 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 1.9. The average 𝑥𝐵𝑟𝑛−𝑓𝑖𝑟 is -2610.0mm/s. The floating 
efficiency is 25.3%.  

In group 7, the average 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 3mm, which locats at the upper half phase after 
the first wave trough. FRAASHM carries out about 0.9 cycles. At the firing time, the 

floating body is in recoil process, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is 124mm/s. 𝛽𝑓 columns are 
uniformly distributed near 3mm. The standard deviation of 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 1.7. The average 𝑥𝐵𝑟𝑛−𝑓𝑖𝑟 is -3233.9mm/s. The floating efficiency is 19.4%.  

In group 8, he average 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 nears the 0 displacement position after the first 
wave trough. FRAASHM carries out about 0.75 cycles. At the firing time, the floating 

body is in recoil process, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 is 236.4mm/s. 𝛽𝑓 columns are uniformly 
distributed near 0.6mm. The standard deviation of 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 is 1.9. The average 𝑥𝐵𝑟𝑛−𝑓𝑖𝑟 
is -3695.5 mm/s. The floating efficiency is 19.3%.  

It can be clearly seen from Figure 13, in group 5-8, with the increase of the 

stiffness of the recoil spring, there has no obvious change in coincidence degree of 

"⊂" and "⊃" curves, but the firing time is advanced from the 0 displacement position 
after the first wave peak to the 0 displacement position after the first wave trough, 

the cycles of FRAASHM is reduced from 1.3 to 0.75, and the second wave peak disappears 

gradually, which is shown as the shortens and disappears of "⊃" at the blue arrow in 
Figure 12.  

From the perspective of floating efficiency, in group 5-8, with the increase of the 

stiffness of the recoil spring, the absolute value of average 𝑣𝐵𝑟𝑛−𝑓𝑖𝑟  gradually 
increases, FRAASHM carries out 1.3, 1.1, 0.9 and 0.75 cycles respectively, and the 

firing time is gradually advanced, the average 𝑣𝐹𝑟𝑛−𝑓𝑖𝑟 increases gradually, which is 
negative firstly then positive, and has a greater influence than 𝑣𝐵𝑟𝑛−𝑓𝑖𝑟. The the 
floating efficiency is 29.0%, 25.3%, 19.4% and 19.3% respectively, showing a trend of 

decreasing first and then stabilizing.  

From the perspective of the consistency of firing state, the amplitude of FRAASHM 

is large but the state is stable before 1.3 cycle, and changes sharply but the amplitude 

is small after 1.3 cycle. With the increase of the stiffness of the recoil spring and 

the gradual advance of the firing time, the cycles of FRAASHM of group 5-8 are 1.3, 

1.1, 0.9 and 0.75 respectively, They are all before the 1.3 cycle, so there is no 

significant change in the standard deviation of the 𝑥𝐹𝑟𝑛−𝑓𝑖𝑟 and the consistency of 
firing state at the firing time.  



 

 

6 Conclusion 

Based on a new type of floating machine gun with bidirectional buffer spring, the 

physical prototype and calculation model of floating machine gun are established. The 

calculation results are basically consistent with the experimental results. The floating 

machine gun with bidirectional buffer spring has the instability and motion randomness 

characteristics of reciprocating motion of the bolt carrier group and FRAASHM. 

Reasonable parameters can be obtained for high firing displacement consistency and 

momentum offset effect.  

Increasing the stiffness of bidirectional buffer spring changes FRAASHM frequency 

of the floating body, and lags the phase of thefloating body relative to the bolt 

carrier group at the firing time. With the increase of the stiffness of the bidirectional 

buffer spring, the maximum recoil velocity and recoil displacement of the floating body 

gradually decrease, and the floating efficiency first gradually decreases and then 

increases slightly. As the stiffness of the floating spring is 44N/mm, the floating 

body will recoil end without colliding with the outer receiver, and the consistency of 

firing state is the best.  

Increasing the stiffness of the recoil spring increases the rate of fire of the 

bolt carrier group and the maximum velocity of the bolt carrier group at the firing 

time, and advances the phase of the floating body relative to the bolt carrier group at 

the firing time. As the stiffness of the recoil spring increases, the absolute recoil 

velocity of the bolt carrier group increases at the firing time, the floating body 

velocity gradually changes from negative value to positive value at the firing time, 

and the floating efficiency decreases first and then stabilizes. There is no significant 

change in the consistency of firing state and the recoil ending of the floating body.  
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