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Abstract. The friction of the hydraulic cylinder mainly comes from the sealing part, the existence of friction leads the

wear of the seal. In view of the serious impact of the damage of the seal on the hydraulic cylinder, a set of sealing test
system was designed, for the purpose of investigation and analysis on the performance of different sealing kit
configuration, in terms of friction with given hydraulic medium. In this paper, there will be the introduction of the
principles, constitutions and functions of the testing system. The experimental results provide data support for the
design and selection of sealing system of the hydraulic cylinder.

1 Introduction

As the actuator of hydraulic system, hydraulic cylinder is
of wide application in kinds of engineering mechanics
because of its simple structure and reliable operation[1].
While in the practical application of engineering
mechanics, the problems such as crawling, insufficient
output and poor pressure-holding causing by cylinder oil
leakage seriously affect the stability, reliability and
service life of the device[2]. In the process of the use of
hydraulic cylinder, there exists some problems like oil
waste, environmental pollution, service life shortening,
machine downtime growth, reduction of the production
efficiency, cost growth and production failure due to the
damage to the seals[3-5].

Although the hydraulic cylinders of Bosch Rexroth
have a common standard or professional range of
products, but with the use of the field becomes wider, the
use requirements become more different, in order to
enable enterprises in the fierce market competition are
still in a favorable position, and make the product can
adapt to the huge market and own the high flexibility and
adaptability, companies need to enhance the scientific
design of the product, but also to ensure the quality of the
case to reduce costs, with the lowest input to get the best
results, the traditional choice can not meet these
requirements, so exploratory of the experimental study of
product components to grasp the performance is
imperative[6-9].

2 Design of Test System

2.1 The design of hydraulic cylinder
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The Methods section details the theoretical or
experimental methods used. What justifies using a given
method? What is special, unexpected, or different in your
approach? If you use a standard or usual procedure,
mention that upfront, too.

For the sealing performance test, a double rod
hydraulic cylinder is designed as the test cylinder,
because of the two rods on both sides of the piston, it is
for two-way hydraulic drive. And at the meantime, the
piston group was designed as the piston and piston rod
one-piece, it aims to ensure the alignment of the piston
and piston rod, guarantee the same working situation
exactly in addition. The foot mounting is chosen to fix
the hydraulic cylinder on the floor to process the
horizontal test. And the cylinder head is connected with
the cylinder tube by screw, the sealing flange are attached
to both ends of the hydraulic cylinder. In addition, the
displacement sensor is built in the piston rod.

As is shown in Figure 1, the piston and piston rod is
one-piece, and the hydraulic cylinder seal is installed in
the sealing flange, and the sealing flange is connected
with the cylinder head by screw, the foot is threaded
connection with the cylinder tube, at the meantime, to
control the position of the piston rod, the displacement
sensor is installed inside of the piston rod.
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Figure 1. The double rod hydraulic cylinder

2.2 The design of the control system

The sealing system test requires to record the friction
force caused by the test seal. Therefore, the pressure
sensor in the two chambers of the device is installed to
test the pressure change of the two chambers of the
recording device. At the same time, the speed of the
hydraulic cylinder is controlled and the stroke range of
the movement can be adjusted, also need to achieve the
precise positioning of the hydraulic cylinder movement
control, so the displacement sensor signal needs to be
sent to the test device, as a reference, control the high
frequency alarm valve input signal, through the high
frequency alarm valve signal adjustment to achieve the
hydraulic cylinder movement position and speed control.
Bosch Rexroth's electro-hydraulic controller HNC is
chosen to meet the requirements of motion control and
high-speed data acquisition and storage, according to the
type and quantity of signal acquisition and the
requirements of motion control. The control system frame
is shown in Figure 2 .In the control system, the electrical
components information is as the Table 1.
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Figure 2. The control system frame

Table 1. The Selection electrical components

Electrical
Components Model Range
0~50Bar,
Pressure sensor HM20 4~20mA
Output
Displacement RH-M-0500-M- iggglnri&
sensor D60-1-A01 o
utput
Two-axis
VT-HNC-2-3X/P- | HNC with
HNC 1-E0/G02 TCP/IP
interface
High frequency 4WRTEV125L- quut
4X/6EG24K31A1 | Signal -
Response Valve M 10-10V

2.3 Introduction of the two kinds of sealing
system

At present, in hydraulic cylinder design, we usually take
the series seal. In the present industrial applications, the
detailed and suitable application that using the different
sealing systems is not clear. In this paper, the common
piston rod seal system includes M-sealing system and T-
sealing system are taken test to compare the friction force
in different speed with the same test condition. As shown
in the Figure 3, M-sealing system is usually constituted
with a stepseal, a u-ring and a wiper scraper seal!'*'?. As
shown in the Figure 4, T-sealing system is usually
constituted with two stepseals and a wiper scraper seal.
And because of the limitation of time and experimental
conditions, the V-sealing system can be tested in later
study.
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1-Wiper scraper seal, 2-Lip ring, 3-stepseal
Figure 3. The M-sealing system
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1-Wiper scraper seal, 2-Lip ring, 3-stepseal
Figure 4. The T-sealing system
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3 Experimental

Aimed at the different working conditions, such as stable
working condition, high frequency working condition,
working condition with pressure-holding requirement and
the working condition with friction requirement, now, do
research on the fiction and sealing performance of the M-
sealing system and the T-sealing system to find out the
most appropriate occasion.

The research done on fiction at the specified sealing
system, mainly test the friction force caused by seals of
hydraulic cylinder. To do this experiment, we install the
pressure sensors in the two cavity pressure joints of the
double rod hydraulic cylinder and write the programs in
HNC. Predict the fiction value by analyzing the friction
curve in different speed, and layout them in the same cure,
compared the curves in the two sealing systems in the last.
Considering the actual situation of the hydraulic power
unit, we choose the test pressure as 50Bar, and control the
speed at 150mm/s, 150mm/s, 200mm/s and 250mm/s to
get the curves.And the actual experimental equipment is
shown as Figure 5.

.

Fiure 5. The double I‘O(i hyd;aulic c&iinderlphoto

4 Results and discussion

In this experiment, we get the pressure valve in different
speed by the pressure sensor installed in the pressure
joints of the sealing flange, and through the scale
conversion, we can finally achieve the real-time friction
force.

4.1 The Friction of M-sealing system

When the pressure is 50 Bar, and the speed is 100mm/s,
the friction curve is shown as Figure 6.
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Figure 6. The friction curve in 100mm/s of M-sealing system

In above picture, the purple curve represents the
change of friction force. In the process and return, take a
symmetric position relatively.

From the friction force curve, the process friction is
953.470N, the return friction is 1033.863N, we can
estimate the comprehensive friction is 993.667N.

With the speed of 150mm/s, 200mm/s and 250mm/s,
the friction curves are shown as Figure 7, Figure 8 and
Figure 9.
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Figure 9. The friction curve in 250mm/s of M-sealing system

For ease of comparing the shape of the curves in
different speed, put the average friction force in one
curve by data analysis software, the detailed shape is
shown as Figure 10.

In the shape of friction force in different speeds, with
the higher speed, the friction force is generally a
downward trend, but in the speed of 150mm/s, it presents
a rising friction value. Maybe it can attribute to the
accuracy of the pressure sensor, in addition, the whole
test system is designed artificially, and it also exists
system error.

From the above curves, we know that the higher
speed, the lower friction force. Meanwhile, in the M-
sealing system, the average friction force is 983.251N.
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The shape of friction force in different speeds
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Figure 10. The shape of friction force in different speeds in M-
sealing system

4.2 The Friction of T-sealing system

In the T-sealing system, the friction curves in the speed of
100mm/s, 150mm/s, 200mm/s and 250mm/s are shown
as Figure 11, Figure 12, Figure 13 and Figure 14.

Put the average friction force in one curve by data
analysis software, the detailed shape is shown as Figure
15.
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Figure 11. The friction curve in 100mm/s of T-sealing system

friction force

Figure 12. The friction curve in 150mm/s of T-sealing system

From the above curve, the general trend in the T-
sealing system is as the trend in the M-sealing system.
The higher speed, the lower friction force. Meanwhile, in
the M-sealing system, the average friction force is
476.702N.

friciton force

F iguré 13. The friction curve in 200mm/s of Th-sealing s"ystem

friction force

Figure 14. The friction curve in 250mm/s of T-sealing system
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Figure 15. The shape of friction force in different speeds in M-
sealing system

By comparing the friction force curves in the two
kinds of sealing system, the characteristics of the M-
sealing system and the T-sealing system are displayed.
The M-sealing system has the following characteristics:
durability, high strength, sensitive dust and well dust
prevention. And the T-sealing system has an obvious
advantage, that is low friction (with no crawling).

5 Conclusions

With the increasing application of hydraulic cylinder in
industrial engineering, the design of cylinder is more
reasonable, and the process technology is better perfect.
The difficulty in design of hydraulic cylinder is the
sealing system, because the failure of hydraulic cylinder
mostly attributed to the failure of the seals. Therefore,
take a study in sealing system and own a technical
standard in selection of the sealing system is feasible.
Through the experiment, the most suitable applying
situation of the different sealing systems is clear and
definite. In the design of hydraulic cylinder, the M-
sealing system should be chosen in the steady conditions,
and in the working condition of high frequency, the T-
sealing system should be considered. The research results
provide the technical support in seals choosing, and
meanwhile, with the requirement of friction predict, the
experimental study can give the data support.
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