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Abstract: The steering system is one of the components that ensure safe movement of vehicles;
Besides this, keeping it in optimum condition leads to a minimum fuel consumption but also the
lack of pollution associated with working fluid, where assisted hydraulic boxes. Power steering is
one of the most requested options in a car of small and medium size, for the vehicles weighing
over 1200 kg this is entirely common. In figure 1 is represented the percent’s according to the type
of assistance steering boxes; from this graph, in conjunction with the average age of the fleet in
Romania (12 years in the year 2016), it is deduced that most boxes mounted on cars have
hydraulic power steering or electro-hydraulic, so the need for a complex test stand is needed to
discover and resolve the problem regarding faults of the system.

This article presents the state of the art test stand for hydraulic power boxes and pumps, with
minimal human interference which can determine the current state of the sealing elements,
hydraulic directional vales and pump flow. All the records of the oil flow, toque values at the
hydraulic directional valve and temperature of the oil are all included in the report generated at the
end of the test process.
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1. Introduction

The basic functionality of the hydraulic power box and components are represented in figure 2.
Hydraulic power steering main purpose is that it can provide driver less effort to turn the steered
the wheels when driving at typical speeds, and reduce considerably the physical effort necessary
to turn the wheels when a vehicle is stopped or moving slowly , is achieved by applying pressure to
the sides of a piston rod mounted on a bilateral body (Fig.2); fluid access is made thru an opening
after rotary valve 1 mounted on the steering column, receives a response from the pinion 2 always
engaging the steering rack rigidly connected to the piston 4. The fluid flows through ducts 3 and 5
represent the body of hydraulic cylinder. (1)
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Fig. 1. Percent’s of type of assistance Fig. 2. Hydraulic power steering box
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Hydraulic power steering (pump directly driven by the vehicle engine with its rpm) is responsible for
fuel consumption of approx. 0.3 1 / 100 km; For drive pump by a separate electric motor (electro-
hydraulic power steering), that consumption is reduced by half. (2)

However, regardless of version, malfunction is accompanied by an increase in consumption and
the loss of oil outside the box, both with negative effects on the environment and road safety.

2. Test stand description

The test bench determines the condition of the seals in the hydraulic distributor of the box and the
hydraulic piston by measuring the flow of oil flow during tests [1,2]. The report bulletin contain
records such as pressure to each end, handling with predetermined load, oil flow, oil temperature
and torque at the hydraulic distributor shaft during handling, series box name operator and
company name. The system contains a data acquisition board, pressure transducers, flow, torque,
temperature, an actuator and a software application that is needed to perform testing sequences
and the registration, storage, processing, a database which will be issued after probation reports
that are printed to the printer. All the data recorded is compared with those in the database, the
system will decide whether the data recorded for hydraulic steering box comply with the standards
accepted by its manufacturer.

Fig. 3. Test bench

1.Load device, 2.Flow meters, 3. 2-way valve, 4. 3-way valve,
5. Pressure gauge, 6. Thermostat, 7. Display for RPM Pump,
8. Power box support, 9. Emergency stop, 10. RPM control

The test stand is composed of several sensors needed to record the parameters which are critical
to determine the condition of the steering box. The sensors used in the hydraulically scheme are:
pressure sensor with a domain of 0-160 bar (11), flow sensor 0.18-18 I/min (10), rotary encoder
needed for the step motor (18), torque sensor 0-500 Nm (17) and a force sensor to determine the
force generated by the staring power box of 2000 daN. All the sensors are connected to the data
acquisition board (22). In fig.4 it can be seen all the components of the computerized test stand.
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Beside the sensors needed for the report, the test stand it contains an electric motor (1) to engage
a vane pump (2) also all the oil is filtered by filters (3) with 10 um capability, oil level and
temperature sensor(4) are needed for accurate results and the stand is equipped with an
thermostat (5) that keeps the oil temperature at 40°C.
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Fig. 4. Hydraulic diagram

Also the software controls thru the acquisition board the voltage for the stepper motor which drives
the rotary valve of the steering box [3,4]. The hydraulic installation of the test stand is located
behind the front panel.

In figure 5 we can see the electric motor regulator, a three phase automatic circuit breaker and
variable speed drive that vary the rpm of the electric motor. Also on the back side is found the
automatic circuit breaker of the thermostat system for hydraulic fluid.

The test stand contains also a tank (7) for hydraulic oil with a capacity of 20 L, which is mounted
next to the temperature and oil level gauge.

3. Conducting tests

All the test are performed with the help of the software developed by IHP in LabVIEW program. All
the data recorded it will be compared with those in the database and the system will decide
whether the data recorded for the hydraulic steering box comply with the standards accepted by its
manufacturer. From the software control panel (fig. 5) can be set pump flow according to the
steering box model, the number of pulses per rotation of the rotary encoder and the number of
steering wheel turns to move the rod of the steering box from one end to the other end (left-right
stroke). At control panel of software it also sets the serial number of the steering box, name of the
operator that perform testing, beneficiary of the test report, date and registration number of the test
report. With manual control the rod of steering box can be moved using a cursor from control panel
on PC screen, in automatic control the software determine the rate of oil leakages at the stroke
ends of steering box. Blocking the steering rod by using the load system (21) (e.g. in the middle
zone) can determine the leakage flow due to wear of piston seal. In manual regime it can plot a
diagram of pressure of the test stand pump, to see if still provide the nominal pressure. On the
control panel of the software application there are two indicators for torque at rotation of shaft from
rotary valve of steering box and for force performed at the rod of steering box [5,6].
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Fig. 5. Software control panel

In figure 6 it can be seen a record of the flow of hydraulic fluid lost by steering box at the end of the
stroke. If the flow of loss at the end of stroke is above 1.5 | / min is recommended to replace or
repair the steering box. A steering box worn, with large internal losses, will lead to disturbance in
handling the steering [7].

K=

Flana [1fmmin]

Time [s]
Fig. 6. Flow thru power steering box
In figure 7 it can be seen a record for the pressure raised by the pump of the test bench. After

recording the chart of loss of hydraulic fluid for steering box, it can be printed in a report containing
identification data from control panel of software and recorded diagram.
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Fig. 7. Pressure from the pump of test bench
4. Conclusions

The test stand equipped with informatic system which registers parameters automatically and
issues the report test it have greater accurate results, because almost no human factor interferes.
Also the stand is equipped with a thermostatic system for keeping the hydraulic oil to an identical
temperature for an identical test condition regardless of the outside temperature.

The amount of sensors and the domain of them, determine how accurate is the report an there for
increase the road safety and human loses do to malfunction of hydraulic power steering.

Such a test bench equipped with informatic system is useful for diagnosis of the power steering
boxes by automotive service units or for units that performs reconditioning of power steering
systems [8].
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