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Abstract: Servo pressure pulse testing equipment uses servo-hydraulic technology to build the model of hydraulic system. By
improving measurement and control system, the equipment accomplishes signal acquisition, data processing and process con-
trol. LabVIEW and programmable logic controller (PLC) are used to carry out the hardware configuration and software de-
velopment. The system can communicate between LabVIEW and PLC by virtual instrumentation software architecture (VI-
SA) and run automatically in accordance with setting commands. Therefore, accuracy and performance of the equipment are

improved.
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With the rapid development of industrial automa-
tion, people have paid more and more attention to
the quality and reliability of products. Improving
the impact resistance and flexural properties of pip-
ing equipment on vehicles, aircraft and construction
machinery has become the development trend. Fur-
thermore, the impact resistance of pipelines has be-
come an important indicator for its quality and reli-
ability'"’. The references cited by this paper used
the embedded control system of National Instru-
ments (NI), USA, while this paper uses the combi-
nation of LabVIEW and programmable logic con-
troller (PLC) to achieve the measurement and con-
trol system for testing servo pressure pulse.

Servo pressure pulse testing equipment not only
uses servo-hydraulic technology to simulate the op-
erating condition of pipeline components on auto-
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mobile, aircraft, construction machinery, etc., but
also detects their impact and flexural properties.
Combing LabVIEW with PLC, the hardware circuit
design and software design are achieved. The sys-
tem can automatically run in accordance with setting
commands, and the accuracy and performance are
improved.

Traditional testing methods depend on practical
operation experience, therefore reliability is low'?'.
Due to simple control circuits, low degree of auto-
mation, low testing accuracy and other shortcom-
ings, some of the existing testing devices cannot
meet the requirements of the modern development.

Servo-hydraulic control system is an important
part of a hydraulic control system based on hydrau-
lic drive and automatic control technology. Fig.1 is
block diagram of a servo-hydraulic system.
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The current testing system is required to have the
abilities to achieve sophisticated automation con-
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Block diagram of servo-hydraulic system

trol, data acquisition, waveform processing, data
storage, fault diagnosis, alarm functions and un-
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guarded quality.

Hydraulic testing technology has developed from
simple fault overhaul to fault prediction which
clears hidden faults when finding fault signs so as to
avoid equipment vicious accidents and improve the
accuracy of test results™ .

Because servo-hydraulic technology has the ad-
vantages of fast response speed, high control preci-
sion combined with improved diagnostic capabili-
ties, powerful components control function of host
controller, and so on, it can not only meet the
requirements for quality and precision of products,
but also achieve real-time processing, real-time

. . . . 4
compensation and real-time monitoring * .

1 System overview
1.1 System components

Servo pressure pulse testing system consists of
three parts: servo-hydraulic system, measurement
and control system and mechanical system™ . The
difference between the references and this paper is
that the references are a single pulse system and our
system is a double-pulse system.

Mechanical system is the basis of the testing sys-
tem. As the installation platform of the testing sys-
tem which includes toolings, boxes, brackets and
other components, all the testing aesthetic and pro-
tection functions must be completed based on me-
chanical system.

Hydraulic system is the core of testing system for
it provides the system with necessary power. It can
determine whether the performance of the entire
hydraulic system is good or not. The commonly-used
hydraulic system inclueds pump, valve and other
hydraulic auxiliary components. There are pressure
systems, cooling systems, heating systems and other
systems.

Measurement and control system is the soul of the
system, which makes the entire system operate un-
der efficient automatic control *”.

1.2 System requirements

It is necessary for the system to test the tempera-
ture and pressure pulses of 1-8 radiators, condens-
ers, evaporators and other internal parts simulta-
neously to assess the fatigue properties. According
to the national standards, the test rig can achieve
three waveforms: sine wave, trapezoidal wave and
triangle wave. The system is divided into two parts:
high pressure part and low pressure part. The high
pressure part can do high-pressure test for hose,
etc., and the low pressure part can do low-pressure
test for condenser, etc. The system requires the
abilities to run not only independently, but also to-

gether.
1.3 Servo-hydraulic system

Fig.2 is the schematic diagram of servo-hydraulic
system, which shows the principle of the servo pres-
sure pulse testing equipment.
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1 —Tank; 2 — Level gauge; 3 — Temperature sensor; 4 — Manual
ball valve; 5 — Float; 6 — Filter; 7 — Cooler; 8 — Vane pump;
9 — Cooled motor; 10,24 — Oil suction filter; 11 — Relief valve;
12 — Main motor; 13 — Piston pump; 14,18 — High pressure filter;
15 — Check valve; 16 — Accumulator; 17 — Gauge; 19 — Servo
valve; 20,32 — Pressurized cylinder; 21,27 — Circulation pump;
22,28 — Pressure sensor; 23,33 — Heater; 25,31 — Fluid infusion
pump; 26 — Fluid infusion motor; 30 — Solenoid valve

Fig.2 Schematic diagram of servo-hydraulic system

2 Measurement and control system

2.1 System components

The measurement and control system for servo
pressure pulse testing includes PC, collecting devic-
es, control devices, drive devices and other parts.

The system uses the industrial computer from Ad-
vantech Company as PC. It has stable performance
and strong anti-jamming capability and is suitable
for industrial production. The system uses Lab-
VIEW software for programming. Firstly, advan-
tech data acquisition card collects sensor signals,
and then uploads the signals to the upper computer
for processing. The system adopts PLC control de-
vice to control input and output signals for automat-
ic control. The system also includes inverters, servo
valves, solenoid valves, driving components, and
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accessory equipment such as sensors, electronic in-
struments, and so on.

The measurement and control system integrates
the acquisition, processing, control, driving, moni-
toring and protection of signals to realize the real
automation.

Fig.3 shows the hardware architecture of the
measurement and control system.

PC
LabVIEW

Database

IPC

VISA

CPU (PLC)

DRO
Capture card
Al
AO

module
DO
DI

Counter

Power supply
AO
Communication

Switch

Sensor

Inverter

Pumps
Solenoid
valve
Protection [

Servo valve | | Amplifier
Motor

Fig.3 Block diagram of measurement and control system

LabVIEW is used as the upper computer software
and PLC as the lower computer with PLC by
VISA"”' . 1t can make data and signals communicat-
ed and be controlled in real time.

Therefore, the system achieves a closed-loop ser-
vo control: given signal—>signal driving—signal ac-
quisition—>signal feedback—signal processing—sig-
nal driving.

2.2 Amplification system

Servo amplifier is a DC power amplifier which
drives the servo system. It is an important part of
servo-hydraulic control system. It must match with
servo valve to improve the steady-state and dynamic
performance of the servo system.

The role of amplifier is to compare input com-
mand signal with feedback signal, amplify and com-
pute it, and then output a control current, which is
proportional to the deviation signal, to the servo
valve coil to control the valve opening.

Servo amplifier requires a linear gain, convenient
zero, gain adjustment mode, fast response, suffi-
cient output power, overload protection and anti-in-
terference, also it must have good stability and reli-

ability.
2.3 PLC
2.3.1 Introduction to PLC

PLC uses a programmable memory to store its in-
ternal procedures, perform user-oriented operating
instructions of logical operations and sequential con-
trol, timing, counting and arithmetic. Through dig-
ital or analog input/output instructions, PLC con-
trols all types of machinery or production process-
es ™. PLC has the following distinctive features:

1) Easy to use, program and debug.

2) Strong functions, high cost-performance ratio
and short development cycle.

3) High reliability and strong anti-jamming capa-
bility, easy to maintain.

In view of the above advantages, PLC control is
selected.

2.3.2 Selection of PLC

The steps of PLC selection:

1) Analyze the system and propose the control
requirements.

2) Determine input and output devices, and then
determine 1/O points.

3) Select PLC models.

According to the system requirements and pro-
gram design, there are 22 digital input points and 20
digital outputs, 6 analog inputs and 2 analog out-
puts. The system uses CP1E-N40SDT-D of Omron as
CPU, CP1W-8ET as digital expansion modules and
CP1W-TS102 as temperature expansion module. In
view of sampling frequency, advantech acquisition
card PCI-1716 instead of the expansion module is
used as analog capture device.

2.3.3 Data processing

Because PLC is based on digital signals, the conv-
ersion between analog and digital signals is neces-
sary. While reading analog signals, firstly PLC con-
verts voltage or current signals into digital signals,
and secondly reads the digital signals into PLC. At
the same time PLC converts digital signals to voltage
or current signals while it needs to write analog sig-
nals. The resolution of Omron PLC is 6 000"

2.4 Application of LabVIEW in the system

LabVIEW is data-acquisition software of NI,
USA. It can conveniently complete data acquisition
and signal processing. Furthermore, it has a strong
external interface capability. Therefore, it saves
development time and greatly improves program-
ming efficiency.

Combination of LabVIEW and PLC is the devel-
opment trend for automatic control. Communica-
tion interface is a bridge between PLC and PC. The
system integrates PLC and computer to achieve au-
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tomatic control through the interface'"" .
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Fig.4 VISA program

The software structure of the system includes data
collection and communication module, data reading
and writing module, waveform generating and data
processing module, data reporting module, auto-
matic control module and alarming module, as
shown in Fig. 5.
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Fig.5 Software structure

Fig. 6 shows the software interface. The left part
is the waveform for high-pressure system, and the
right part is for low-pressure system. The high-pres-
sure system and low-pressure system are working si-

Figs.7 and 8 are the waveform acquisition inter-
faces. Fig.7 is triangular wave for high-pressure
system. Curve 1 represents the set curve and curve 2
represents the actual curve. The actual curve fluctu-
ates within the allowable range.
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Fig.7 Triangular wave

Fig.§8 is water hammer wave. Curve 1 represents
the upper pressure limit, curve 3 represents the low-
er pressure limit and curve 2 represents the actual
waveform. The waveforms are strictly controlled
within the allowable ranges. So they meet the
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Fig.6 Software interface

Fig.8 Water hammer wave
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2.5 Affecting factors

There are many factors affecting the testing re-
sults, such as media properties, temperature, per-
formance of the hydraulic system and PID parame-
ters of the servo system.

1) Influences of medie properties on testing sys-
tem means that the density and kinematic viscosity
of the medie will change as the temperature chang-
es, and the volume of the compression factor and
elastic modulus will vary with air mixing.

The most suitable medium must be found and the
most suitable operational parameters must be chosen
to improve the system, not to completely resolve the
problem.

2) The hydraulic system affecting the waveform
mainly refers to the selection of hydraulic compo-
nents. The performance of hydraulic components
directly affect the waveform of the system. During
the testing, it can be found that the system with
minimum pressure was maintained at about 2 MPa
because the pressure in the circulation pump itself
was about 2 MPa. As a result, it is replaced by
shielding pump to aviod the low pressure from being
too high.

3) PID parameters of servo valve determine the
quality of the servo system. Choosing the most rea-
sonable parameters is the most important task. It is
useful to combine the experience with theoretical
calculation. The theoretical calculation is used for
PID parameters, but the data obtained by theoreti-
cal calculation are not necessarily accurate, so it is
also needed to adjust the settings for several times
until the optimal parameters are found to make the
waveform within the range of the standard wave-
form.

3 Conclusion

The servo pressure pulse testing system can achie-
ve the automotic condensers, radiators and automo-
bile lines for pulse pressure test, including high-pre-
ssure system and low pressure system. They can test
not only independently, but also separately. The
two systems share the same hydraulic station (that is
power system).

PC uses LabVIEW to collect and process the sig-
nals as well as store and display the pressure wave-
form. It also can record in real time'™ .

The system adopts PLC to control the system to
complete the entire exercise in accordance with the

requirements. And it has the perfect alarm process-
ing function, which can be achieved unattendedly,
safely and reliably. Alarm data can be recorded.
The system can analyze the cause of the alarm and
find reasonable solution to process the alarm. It also
has communication, printing and other functions.
Test parameters can be set simply and quickly, and
can be set according to the requirements of users.
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