
1 INTRODUCTION 

Sheave buffer is enclosed between the tail hook and 
the main arresting device, the main functions of 
which are tensioning arresting cable, reducing stress 
wave, diminishing impulse of landing. With the in-
creasing mass and velocity of modern aircraft, the 
impulse of landing augments. Sheave buffer has 
been added into the aircraft carrier arresting gear, 
since MK7-3 (X. Ou, 2005) (C.B Zhu, 2009), pre-
venting arresting cable from parting caused by in-
stantaneous excessive tension.  

MK7-3 type sheave buffer is now equipped on 
aircraft carrier, adopting the conventional piston and 
the hydraulic cylinder as the main body of the buff-
er, the characteristics of which are simple structure 
and fast response, but relatively low efficiency and 
the damping characteristic no changing with the load 
and the piston stroke. In comparison, multi-hole hy-
draulic buffer, which has the advantages of compact 
structure, large energy absorption, no rebound and 
high efficiency, prolonging the impact load, is com-
monly used in large impact load, speed of which is 
higher than that of 2m/s, on the mechanical. In this 
paper, sheave buffer is taken as the main research 
object, multi-hole hydraulic buffer is used to replace 
the conventional hydraulic cylinder (D.L. Rong et al, 
2012), at the mean time Studies on performance op-
timization is made. 

2 SHEAVE BUFFER MATHEMATICAL 
MODEL 

2.1 Mathematical model of MK7-3 type sheave 
buffer 

 
 

 
 
Fig 1. Structure sketch of MK7-3 sheave buffer 
 
Shown in Fig.1 is the structure sketch of MK7-3 
sheave buffer. After the aircraft landed ,its tail hook 
pull the piston rod out by the arresting cable, then, 
part of the hydraulic oil in the rod cavity of Hydrau-
lic cylinder goes into the accumulator through the 
throttle valve. During the piston motion, the damp-
ing force, caused by the difference of the force be-
tween the two ends of the piston, buffers the carrier 
aircraft. 
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where Mload = mass of impact load and piston; Δν = 
velocity variables; Fz = buffer damping force; Δt = 
buffer action time. 
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DA   ;Ae = piston effective 

stress area; Dp = hydraulic cylinder diameter; dp = 
piston rod diameter; Pt  = rod port pressure. 

2.2 Mathematical model of Multi-hole hydraulic 
buffer 

 
 

 
 
Fig 2. Structure sketch of multi-hole hydraulic buffer  
 
Shown in Fig. 2 is the sheave buffer, which is con-
structed by the porous Multi-hole hydraulic buffer 
instead of the conventional hydraulic cylinder. Dur-
ing the buffer working, the tail hook presses the pis-
ton rod by arresting cable and sheaves. Hydraulic oil 
in the no rod cavity of hydraulic cylinder enters the 
rod cavity through the damping hole, because the 
piston rod has the volume, so part of the hydraulic 
oil enters the accumulator, and the piston gets reset 
by the energy of the accumulator. 

Compared to the MK7-3 type sheave buffer, mul-
ti-hole hydraulic buffer, using the throttle orifice, 
adjust the hydraulic oil flow from the buffer into the 
storage. Due to the orifice area Ad is changing with 
the piston stroke, so the damping force of the damp-
ing device could be adjusted by orifice position, 
thereby ensuring higher damping efficiency. 
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where q = flux of orifice; Cd = discharge coefficient; 
Ah = orifice area; ρ = hydraulic oil density. 

 Due to the working process of the accumulator 
is shorter, the working process of the accumulator 
can approximate to energy dissipation, and the buff-
er working process is an isentropic process. 
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where Pc0 = accumulator initial pressure; Vc0 = ac-
cumulator initial volume. 

Displacement of the piston rod is Lt, sheave buff-
er hydraulic oil continuity equation is: 
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where K = hydraulic oil elastic modulus. 
Equation (5) left is the hydraulic oil decrement in 

hydraulic cylinder, Equation (5) right is the volume 
of hydraulic oil through the orifice and the volume 
of hydraulic oil compressed. 
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where As = single damping hole area; N = number of 
damping holes; λ(L) = coefficient with the piston 
displacement of orifice. 
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2.3 Modeling based on AMESim 

First enter the AMESim environment of the sketch 
mode (Wang Yunfeng et al, 2008) (H.Y.Li et al, 
2011) (Liu Yuxin et al, 2014). Then, according to 
hydraulic system diagrams 1 and 2, System model of 
sheave buffer is established. Using the hydraulic 
components, related to AMESim software database. 

 
 

 
 
Fig 3. Sheave buffer model on AMEsim  
 

Under the ASMEsim environment, the MK7-3 
type sheave buffer and the multi-hole hydraulic 
buffer are modeled. It turns out that Figure 3 (a) is 
the AMESim model of the MK7-3 type sheave buff-
er, and figure 3 (b) is the AMESim model of multi-
hole hydraulic buffer. The damping piston is simpli-
fied to be a mass and a spring damping mechanism, 
the damping hole parameters of a fixed damping 
hole and a multi-hole damper are respectively set. 

3 SIMULATION AND DATA ANALYSIS 

Selecting Mathematical model in hydraulic system 
components shown in figure 3, setting the parame-
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ters. Two kinds of buffer device simulation using the 
same impact load and velocity, and set the same stop 
terminal velocity, initial pressure accumulator is the 
same, and two buffers impact loads are the same im-
pact energy. 
 
 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
2

2.5

3

3.5

4

4.5

Time(s)

P
re

ss
ur

e(
M

P
a)

 
 

Fig 4. Simulation curve of MK7-3 sheave buffer rod port pres-
sure 
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Fig 5. Simulation curve of multi-hole hydraulic buffer head 
port pressure 

 
Using AMESim and Matlab for calculation and 
analysis of simulation data, as shown in Figure 4 and 
5 is the hydraulic cylinder pressure Pp of MK7-3 
type sheave buffer and multi-hole hydraulic buffer. 
MK7-3 type sheave buffer will achieve maximum 
pressure in the initial shock, making it easy to reach 
cable tension limit in a very short time. But multi-
hole hydraulic buffer maintain its' peak pressure rel-
atively low in the initial shock, due to the large 
throttle area. Moreover, with the increase of the pis-
ton stroke, the pressure difference reducing, the 
throttle area decreasing, the average pressure is kept 
comparatively high, making arresting cable being 
kept in tensioned state. In conclusion, when it comes 
to the working pressure peak of two kinds of buffer 
hydraulic cylinder, multi-hole hydraulic buffer is 
15.94% lower than the fixed throttle area hydraulic 
buffer, but 5.7% higher on the average working 
pressure. 

Shock-isolation efficiency is usually used to 
measure the performance of a buffer, which means 
the area ratio of the rectangle, surrounded by the 
buffer force - the actual travel area and the maxi-
mum buffer capacity and a buffer stroke. Under the 
same impact energy, the result of simulation calcula-
tion is that shock-isolation efficiency of fixed orifice 

is 0.7959, while that of multi-hole hydraulic buffer 
is 0.9015.which means the multi-hole hydraulic 
buffer, Compared with the MK7-3 type buffer ,is 
more efficient, and the damping force function is 
more stable. 

4 CONCLUSION 

Shock-isolation efficiency of multi-hole hydraulic 
buffer, in contrast with the fixed throttle area buffer, 
is 10.56% higher. From the simulation analysis, con-
sequence could be made that the damping force of 
the multi-hole hydraulic buffer is higher than that of 
the MK7-3 type buffer with the fixed damping area, 
making the tension of the block more stable, arrest-
ing cable kept in tensioned state, the ,success rate of 
arresting improve and the life span of the arresting 
cable prolonged. 
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