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Abstract: Paper deal with experimental identification of the electro-mechanical
linear actuator properties. Force-velocity dependence and positional accuracy
has been identified. Results show the difference between the data declared via
producer and experimental obtained data.
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1. Introduction
The aim of the paper is to identify properties of the linear electro-mechanical
actuators. Linear actuator converts the electrical energy to mechanical work as
force effort with rectilinear stroke. The actuator is suitable for applications where
linear movements generating are needed. Small linear actuators are a superior
alternative to designing with awkward gears, motors, servos and linkages [1, 2, 3].
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The linear actuator PLX is designed to move
push or pull loads along its full stroke length. The
speed of travel is determined by the gearing of
the actuator and the load or force the actuator is
working against at a given point in time. When the
actuator moves to a position within 0.5mm of its
fully-retracted or fully-extended stroke endpoint,
a limit switch will stop power to the motor. When
this occurs, the actuator can only be reversed away
from the stroke endpoint. Once the actuator is
positioned away from its stroke endpoint, normal
operation resumes. Tested actuators have been
with RC Servo Interface Mode. This is a standard
hobby-type remote-control digital servo interface
(CMOS logic), compatible with servos and
receivers from various manufacturers. The desired
actuator position is input to the actuator on lead
4 as a positive 5 Volt pulse width signal. A 1.0 ms
pulse commands the controller to fully retract the
actuator, and a 2.0 ms pulse signals full extension.

The linear actuators PQY are complete, self
contained linear motion devices with position
feedback for sophisticated position control
capabilities (our tested model), or end of stroke
limit switches for simple two position automation.
Driving of it is possible with simple applying of
DC voltage to extend the actuator, and reverse
the polarity to retract it. This can be accomplished
manually with a DPDT switch or relay, or using
an H-Bridge circuit. When power is removed the
actuator will also hold its position, unless the
applied load exceeds the backdrive force. The
actuators have limit switches that will turn off
power to the motor when the actuator reaches
within Tmm of the end of stroke.

Drive unit of both actuators is based on
miniature DC motor with gears. Rotation output
is transformed to linear motion through the using
of a screw mechanism. Overloading the actuator
under power for short periods of time (several
seconds) will not damage the actuator.

2. Specifications of Actuators

A. PLX actuator

Maximum stroke is defined at the 100 mm with
positional accuracy 0,3 mm. Peak Power Point
is 12 N at velocity 11 mm/s. Peak Power Point is
defined as maximum power and the speed it can
move at that force. Peak Efficiency Point is 6 N at
velocity 16 mm/s. Peak Efficiency Point is defined
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as the speed and force at which the device is the
most efficient. Maximum speed without load is
23 mm/s. A powered-off actuator will statically hold
a force up to the Backdrive Force 43 N. Gearing is
at the value 50. Overall weight is 65 g. Load curve
is shown on fig 1.
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Fig. 1: Load characteristic of the actuators PLX and PQY defined
by producer.

B. PQY actuator

Maximum stroke is defined at the 20 mm
with positional accuracy 0,1 mm. Peak Power
Point is defined as 7 N at velocity 12 mm/s and
Peak Efficiency Point is 4 N at velocity 18 mm/s.
Maximum speed without load is 25 mm/s. A
powered-off actuator will statically hold a force up
to the Backdrive Force 15 N. Maximum force (lifted)
is 9 N. Gearing is at the value 30. Overall weight is
15 g. Load curve is shown on fig. 1.

The actuators have no built in controller, but do
provide an analog position feedback signal that
can be input to an external controller.

3. Measurement experimental stand

All experimental works has been done at the
measurement stand (fig. 2, 3). One end of the
actuator is fixed to the frame and free end is
connected with slide which is able to move on
guiding rod. Slide is connected with hook for
placing of the load weight. Position of the slide is
sensed with resistive sensor. Measured position is
acquired through the input/output card MF624
on PC. Measurement has been managed through
the Real Time Toolbox under the Matlab/Simulink.
Measurement has been repeated with various
weights.

Output from the position sensor has been
measured with card as the voltage. Assignment of
the length to the measured voltage is possible to
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do through the calibration process. Calibration has
to be realized with parallel length etalons (fig. 4).

Position
sensor

Fig. 2: Scheme of measurement stand for the testing of the actua-

tors.

Fig. 2: Calibration of the stroke measurement.
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Calibration process (fig. 4) has been made at
the every 5th millimeter and obtained calibration
curve has been included into Matlab environment
for recalculating of measured voltage from position
Sensor.

4, Actuator load curves

Load curves have been identified through the
measurement of the stroke velocity at the various
forces (load weights). First measurement has been
realized without additional load. Load weight has
beenincreased at the every next measurement until
the full actuator stroke occurs. Results (fig. 5) of the
PLX testing shows the maximum lift force 28 N. Peak
Power Point is 28 N at velocity 7,6 mm/s. Results (fig.
6) of the PQY testing shows the maximum lift force
17 N. Peak Power Point is 17 N at velocity 16,5 mm/s.
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Fig. 5: Time dependence of the actuator PLX stroke at various
weights. (Expanded uncertainty for position measurment was 0,05
mm, and for time was 0,001s).
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Fig. 6: Time dependence of the actuator PQY stroke at various
weights. (Expanded uncertainty for position measurment was 0,05
mm, and for time was 0,001s).

Results of time stroke measurement of the
actuators can be drawn into load curves (fig. 7, fig.
8). Experimental measurements shows that actuator
PLX has maximum lift force only 28 N unlike the



datasheet value (45 N) but maximum speed without
load (17,4 mm/s) is much higher than datasheet
value (5 mm/s).

Actuator PQY has been better than datasheet facts.
Maximum speed without load is 30 mm/s unlike the
datasheet value (25 mm/s). Maximum force (lifted) is
17 N, what is much more than datasheet value (9 N).
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Fig. 7: Load curve of PLX Actuator (Expanded uncertainty for speed
measurement was 0,1 mm/s, and for measurement of force was
0,1N).
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Fig. 8: Load curve of PQY Actuator (Expanded uncertainty for
speed measurement was 0,1 mm/s, and for measurement of force
was 0,1N).

Actuator PLX has been also tested for position
accuracy. The testing has been made at the five
selected position. Every tested position has been
positioned and measured ten times. Span of the
deviations from the average of measurements
is shown on figure 9. Only one position value
overcomes nominal defined position accuracy.
This overrun could be caused via uncertainty of
measurement (Expanded uncertainty was 0,05 mm)
or any unknown random errors.

The linear actuator has been used for rectilinear
movement in snake like robot (fig. 10). The key
benefitis small dimension and also compact design,
which enables using without any other additional
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Fig. 9: Deviation span from accuracy testing of PLX actuator (Ex-
panded uncertainty for position measurement was 0,05 mm).

Fig. 10: Snake like robot using the linear actuator.

accessories. The actuator can be simple controlled
directly via using of microcontroller.

5. Conclusions

The linear actuator PLX and PQY are compact
actuator for mechatronic application with simple
using. The main advantage of these type actuators
is that they directly contain transformation
mechanisms from rotation to translation motion [4 -
8]. Design of the mechatronic application needs the
exactly defined load characteristic and positional
accuracy. Experiments show that properties of
these actuators differ from properties mentioned
in datasheet. It is important to note that only one
piece of both type of actuators have been tested.
Variation from datasheet can be caused by different
condition of measurement or different way of
loading etc. Consequently, for overall evaluation it
is necessary to test more pieces of them in specific
condition in accordance with desired application.
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