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Abstract
Hydraulic cylinders are divided into single-rod asymmetric cylinders and double-rod symmetric

cylinders. The single-rod asymmetric cylinder has the advantages of small size and simple structure,

but its speed characteristic is not symmetric. The double rod symmetric cylinder has the characteris-

tic of symmetric speed, but it cannot be used in some special occasions. In this paper, one special

hydraulic cylinder, a single-rod symmetric cylinder, is developed. Firstly, characters of this type of

cylinder are introduced. Then, the system model is constructed by using one software which is Simu-

lation X. Moreover, one single rod asymmetric cylinder is designed and the test rig using the sym-

metric valve to control single-rod symmetric or asymmetric cylinder is constructed. Both of the simu-

lation and experimental results show that the symmetric valve control single-rod symmetric cylinder

servo system is of symmetric speed characteristic, which can be used in practical occasion.
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0 Introduction

Single-rod asymmetric cylinders and double-rod
symmetric cylinders are two types of cylinders which
are used widely'"®" in which the single-rod asymmetric
cylinder possesses a multitude of advantages, such as
small size and simple structure, which can be applied
to different working conditions. However, since its
speed characteristic is not symmetric because of differ-
ent working areas of the two chambers'®®', the com-
plex control system should be investigated in order to
obtain high-precision performance. Alternatively, the
other method uses the asymmetric servo valve, but the
cost would be extremely high because of the complex
valve structure. Moreover, although the double-rod
symmetric cylinder has the characteristic of symmetric
speed, quite a few occasions are limited by the space
requirement, for example, the 6-DOF platforms and

1092) " Therefore, a new type of

road simulation systems
cylinder combining the advantages of both the space
saving and symmetric structure should be a promising
choice. The detail is to make the areas of two cham-
bers equal by using a suitable structure design method.
Then, there are several positive merits. Firstly, sud-

den pressure change can be avoided when the direction

of motion is changed, and the system dynamic perform-
ance can be improved. Secondly, a normal symmetric
valve can be used to control symmetric cylinder without
13,14]

complex control algorithm' Finally, the flow re-
quirement of hydraulic source is reduced.

There are several famous companies which have
released the products of the single-rod symmetric cylin-
Rexroth.

Haenchen gains tremendous market share by relying on

ders, such as Haenchen, Especially,
the cost-effective characteristic of their products, and
these products have been applied to a majority of flight
simulators, such as the simulator for Airbus A340 and
A380, in which the maximum amplitude of the cylinder
could reach 6. 5m. Moreover, scholars from Delft Uni-
versity of Technology investigated the control perform-
ance considering the influence of friction and leakage.
Several universities and enterprises in China have pres-
ented detailed methods for applying the single-rod sym-
metric to hydraulic elevator or pumping unit'"”"7/.
Hence, the single-rod symmetric cylinder is one prom-
ising component to meet the high control performance
requirement, especially for the space limited condi-
tion.

In this paper, a general structure of the single-rod
symmetric cylinder is introduced, and then simulations
including comparison of single-rod symmetric and
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asymmetric are conducted. The experimental results
show the single-rod symmetric cylinder has better con-
trol performance in both directions.

1 Basic principle

The structure of the single-rod symmetric cylinder
is shown as Fig. 1, in which the areas of two chambers
(A, and A,) are equal. It is worth noting that the rod
has two functions, one is to be used as the piston and
the other is as the piston barrel. Hence, in order to
meet the second requirement, the piston should be hol-
low, moreover, the high surface accuracy of the hole is
supposed to be guaranteed. The piston is divided into
two parts and they are processed respectively, and the
processing technologies include welding, finish turning
and chrome plate.

Fig.1 Structure of the single-rod symmetric cylinder

Fig. 2 shows the schematic of the single-rod sym-
metric cylinder controlled by the servo valve. Accord-
ing to fundamental definitions, the parameters are lis-
ted in Table 1.
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Fig.2 Simplified schematic diagram of single-rod symmetric

cylinder controlled by the servo valve

Using the pressure characteristic expressions to
describe the two chambers of the hydraulic cylinder in
Table 1, the curve of the pressure characteristic is
shown in Fig. 3. Parameters of the curve are the same
as the experiment, p_ = 10MPa, A =3.1x10’m’.

Table 1  Pressure characteristics of symmetric valve control

single-rod symmetric cylinder

. Pressure of Pressure of
Classification Force

bore side x rod side
v >0 b = P, +2FL/A b = P, —2FL/A F,
x, =0 Po =75 on—% 0
NPT ) —2FL/A b +2FL/A v
Ap Ap, =-F, /A Ap, = F, /A —

Two conclusions can be drawn from Fig. 3.

Pressure characteristics of the single-rod symmet-
ric cylinder’ s two chambers are the same, with no
phenomenon of cavitation and overpressure.

When the cylinder motion reverses, the pressure
suddenly changes, whose value is only related to the
load force F, when the area of the cavity is determi-

nate.
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Fig.3 Pressure characteristics of the single-rod symmetric

cylinder controlled by the symmetric valve

1.1 Output characteristics
x, > 0, the stretch-out speed of the rod

U_&_cdwx” /l( —p)
- A - A p ps pl
=S k- (1)

x, < 0, the retraction speed of the rod

1]’ _ Q; _ Cwx, /l( _ ')
- A - A p P P2
_cawr, 2,0
= 20D (2)

Output characteristics of symmetric valve control

single-rod symmetric cylinder are shown in Fig. 4.
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Fig.4 Output characteristics of symmetric valve control

single-rod symmetric cylinder

Equation can be obtained from comparing the
force ranges which is

-pAsF <spA (3)

Hence, the load force transformation range of a

single-rod symmetric cylinder controlled with a sym-

metric valve system is larger than that of a single-rod

asymmetric cylinder controlled with a symmetric valve

system.

1.2 Modeling

In order to test the control performance of the cyl-
inder which is designed and compared with traditional
cylinders, a single-rod symmetric cylinder prototype is
constructed. However, some simulations by using Sim-
ulation X, a multidisciplinary simulation software, are
operated before it is manufactured. The model is as-
sembled using the elements predefined in Simulation
X. According to the simulation, such as friction de-
scriptions, end stops and leakage models can be adjus-
ted easily. Moreover, a simulation model of the cylin-
der servo system controlled by the symmetric valve is
constructed in order to prove the single-rod symmetric
cylinder’ s advantages mentioned above.

Fig.5 shows a single-rod symmetric hydraulic cyl-
inder electro-hydraulic servo system model. Furthermore,

N —14
EHFHE LT
f'."'w"nu

7o

Fig.5 A single-rod symmetric hydraulic cylinder

electro-hydraulic servo system model

for comparing and analyzing, a single-rod asymmetric
cylinder electro-hydraulic servo system model is also
made, as shown in Fig. 6, and the main simulation pa-
rameters are listed in Table 2.
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Fig.6 A single-rod asymmetric hydraulic cylinder

electro-hydraulic servo system model

Table 2 Simulation parameters

Symbol Value Unit
Maximum control current I 40mA
Minimum control current I, ImA

Natural frequency o 45Hz
Damping ratio D 0.6
Rated pressure P, 21MPa

Rated flow Q, 100L/min

2 Simulation analysis

2.1 Frequency domain analysis

To obtain the frequency domain analysis result of
the single-rod asymmetric hydraulic cylinder electro-
hydraulic servo system, a closed-loop Bode diagram is
obtained by using the Simulation X software after ana-
lyzing the input-output process. Fig.7 shows that the
result obtained from the condition of the load is 10kN
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Fig.7 A closed-loop Bode diagram of a single-rod symmetric

hydraulic cylinder electro-hydraulic servo system
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and supplying pressure is 10MPa. It can be concluded
from the closed-loop Bode diagram that the width of the
system band at —3dB is 9Hz.

2.2 Time domain analysis

In this paper, the step, ramp and sinusoidal sig-
nal are used to investigate the response of the electro-
hydraulic servo system. In order to make a fair compar-
ison, the response during retracting process of the sin-
gle-rod asymmetric cylinder is chosen. The following
part is the response curve of each group (1 is the given
signal, 2 is the response signal). It can be found from
Fig. 8 that the rising time is basically identical, both of
them are about 0. 5s.
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Fig.8 Step signal response curve

Fig.9 shows the ramp signal response of tracking
100mm/s signal. Conclusion drawn from Fig.9(a)
and (b) is that delay time of the single-rod symmetric
cylinder electro-hydraulic servo system is 0.010s and
0.014s respectively which means the constant speed
tracking ability of the two systems is basically the

same. However, the steady error of the single-rod sym-

metric cylinder is smaller.
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(b) Single-rod asymmetric cylinder & =100mm/s
Fig.9 Ramp signal response curve

The sinusoidal response is shown in Fig.10. It
can be found that the single-rod symmetric cylinder has
symmetric speed characteristic. However, the asym-
metric cylinder performs different speed responses dur-
ing the extending and retracting.

3 Experimental analysis

In order to test the effectiveness of the proposed
cylinder, a test rig is designed which is shown in
Fig. 11(a) and Fig. 11(b), moreover, the schematic
is shown in Fig. 12. Then, the contrastive experiments
were done by changing the single-rod symmetric hy-
draulic cylinder and the single-rod asymmetric hydrau-
lic cylinder.

Two kinds of step response experiments are com-
pared in this paper. The single-rod step response ex-
periment of asymmetric hydraulic cylinder is done when
the piston is back. Fig. 13 shows the load step re-
sponse curve for the two kinds of system.



290 HIGH TECHNOLOGY LETTERSIVol. 23 No.31Sep. 2017

30 - Single-rod symmetric cylinder Load cylinder

(=10

1. given signal
\ 2. response signal [

7 B
10 IDisplacement signal
E ; S8
g 07 I
S T
g 0] :
A -10+ Input signal
| ==
|
-20 I
-30 T T T |
1.0 1.5 2.0 2.5 3.0

Time(s)

(a) Single-rod symmetric cylinder at y =25sin(2mt) Fig.12 Schematic of the single-rod symmetric cylinder test rig
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20 inder and single-rod asymmetric cylinder electro-hy-

draulic servo system are shown in Fig.13(a) and

10 (b), in which the amplitude is 5mm. It can be found
from Fig. 13(a) that rising time of the single-rod sym-
metric cylinder electro-hydraulic servo system is 0. 11s

and the steady state error is 0.02m. The conclusion
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drawn from Fig. 13(b) is that rising time of the single-
rod asymmetric cylinder electro-hydraulic servo system
is 0. 10s and the steady state error is 0. 1. Hence, rise
time of the two systems is basically the same.

(2) Ramp response experiments

Then, ramp response experiments are finished. In
order to be comparable, the single-rod step response
experiment of asymmelric hydraulic cylinder is done
when the piston is retracting. For the load case, nei-
ther of the two kinds of systems can track the ramp sig-
nal for 200 mm/s slope. But they can track the ramp
signal for 100 mm/s slope well. Ramp response curve
of single-rod symmetric cylinder and single-rod asym-
metric cylinder electro-hydraulic servo system is shown
in Fig.14(a) and (b), in which the slope is
100mm/s. Conclusion drawn from Fig. 14(a) is that
delay time of the single-rod symmetric cylinder electro-
hydraulic servo system is 0. 030s. Conclusion drawn
from Fig. 14(b) is that the delay time of the single-rod
asymmetric cylinder electro-hydraulic servo system is
0.033s. So the constant speed tracking ability of the
two systems is basically the same.
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(b) Single-rod asymmetric cylinder & = 100mm/s
Fig.14 Ramp response experiment

(3) Sinusoidal response experiments

Finally, sinusoidal response experiments are con-
ducted. Fig. 15 shows the load sinusoidal response
curve for the two kinds of systems.

Sinusoidal response curves of single-rod symmetric
cylinder and single-rod asymmetric cylinder electro-hy-
draulic servo system are shown in Fig. 15(a) and (b)
where the amplitude is 25mm and frequency is 1Hz.
Conclusion drawn from comparison is that for single-rod
asymmetric cylinder, the extending speed is bigger
than the retracting speed obviously. But for the single-
rod symmetric cylinder, they are almost the same.

Moreover, the different working condition experi-
ments of sinusoidal signal response are shown by
Fig. 15(c) and (d), where the amplitude is Smm and
frequency is 4Hz. Forward and reverse phase lag of the
single-rod symmetric cylinder is almost —90°. Forward
phase lag of the single-rod asymmetric cylinder is smal-
ler than the reverse phase lag. Forward overshoot, re-
verse attenuate, reverse phase lag reaches —90°; for-
ward overshoot reaches 10% . Experimental results
show that both of two systems are unable to track the
signal which possesses the characteristics of high fre-
quency and low amplitude. According to different signal
responses, two kinds of systems have the similar per-
formance, however, the single-rod symmetric cylinder
possesses the symmetric characteristic.

4 Conclusions

In this paper, a single-rod symmetric cylinder is
designed and the test rig for the performance experi-
ment is conducted. The step signal tracking results
show that both of the two kinds of systems possess al-
most the same response. Then, by importing the sinu-
soidal signal into the simulation model, it can be con-
cluded that the symmetric valve controling symmetric
cylinder servo system has symmetric speed characteris-
tic, however, the symmetric valve controling asymmet-
ric cylinder servo system does not have the perform-
ance. Finally, experiment results verify that the single-
rod symmetric cylinder system can obtain the same per-
formance compared with the asymmetric one, it also
possesses the identical merit during extending and re-
tracting. Hence, it can be used in practical working

condition.
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Fig. 15 Sinusoidal response curve
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