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Abstract

This paper investigates the position drift in a stepper motor used within a part feeding
system for the orientation of cylindrical components. The system employs a bowl feeder,
orientation sensors, and an indexing mechanism with eight precise positions at 45◦ intervals.
During commissioning, a gradual deviation between the theoretical and actual angular
positions of the stepper mechanism was observed, leading to operational interruptions.
Experimental tests were conducted to analyze the source of the drift by comparing theoreti-
cal and encoder-based angular positions over a large number of repetitions. The results
revealed a small but cumulative positioning error caused by the recursive generation of
new setpoints from encoder feedback. To eliminate this effect, an improved control strategy
was implemented, where each new setpoint is calculated from the previous theoretical
value. This modification effectively eliminates the accumulation of measurement varia-
tions and prevents long-term drift. Experimental validation demonstrated a significant
improvement in long-term positioning accuracy, reducing the total deviation to approxi-
mately 0.1–0.2◦ and enabling stable system operation over extended periods. The proposed
solution is simple to implement and enhances the reliability and precision of automated
part feeding systems.

Keywords: stepper motor; position drift; part feeding system; angular indexing; encoder
feedback; cumulative error; motion control; industrial automation; positioning accuracy;
programmable logic controller (PLC) control

1. Introduction
Traditional part feeding systems often include a vibratory bowl feeder which orients

the parts in a state and position that is suitable for the automation process. These systems
are proven and offer sufficient reliability at a reasonable cost. Such automated systems are

Eng. Proc. 2026, 154, 21 https://doi.org/10.3390/engproc2026154021

https://crossmark.crossref.org/dialog?doi=10.3390/engproc2026154021&domain=pdf&date_stamp=2026-09-03
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://orcid.org/0009-0006-0367-3245
https://orcid.org/0000-0002-1756-3358
https://orcid.org/0009-0000-4423-9935
https://orcid.org/0000-0003-2317-8867
https://doi.org/10.3390/engproc2026154021


Eng. Proc. 2026, 154, 21 2 of 9

widely used in industrial and robotic applications, where positioning accuracy is critical
for reliable operation [1].

There is a group of parts that could be oriented only by the physical difference between
their sides. Often there are holes on both sides which differ in diameter and/or position and
this is used for their orientation by a fixed pin that allows for only the bigger diameter. By
means of two sensors the system decides whether the part is properly oriented or not. Then,
a stepper motor is used to transport the part one step further. Stepper motors are widely
applied in indexing and positioning tasks; however, their positioning accuracy is strongly
influenced by control strategies, signal generation methods, and tracking performance [2–4].
In addition, system dynamics and drive behavior under varying load conditions may
further affect positioning stability and long-term accuracy [5,6]. In the end, all parts are
oriented in the desired position and state. Furthermore, measurement uncertainty and
error propagation in dynamic systems are known to contribute to cumulative positioning
deviations over repeated cycles [7–9].

2. Materials and Methods
Analysis of the System

A system with a bowl feeder (NDP250, KMS Engineering Ltd., Plovdiv, Bulgaria) and
a stepper motor (EMMT-ST-57-M-RS, Festo SE & Co. KG, Esslingen am Neckar, Germany)
is used to orient cylindrical parts that have a hole on the one side and a solid surface
on the other side. The parts are oriented by means of two sensors—S1 and S2. S1—part
presence, S2—correct position. By a certain delay of S1, the system analyzes the state of S2
and activates a rotation of the stepper mechanism, or a blowout nozzle. A concept of the
process is shown in Figure 1.

Figure 1. Concept of the process.

The stepper mechanism features 8 precise pins, each located at 45◦. This allows for
shorter steps and faster productivity.

The algorithm is relatively simple. When the system is empty (there is no part pres-
ence), the bowl feeder is started. Once a part is detected by sensor S1 the system waits
for a predefined Timer On-Delay(TON-delay) and when it is elapsed, it checks for the
status of sensor S2. If the signal is present, it means the part is properly oriented on the
precise pin and thus the sensor S2 detects it. The system proceeds with a single step of the
stepper mechanism. In the opposite case (logical 0 of S2), a blowout nozzle with predefined
blowout time is activated which returns the part in the bowl.

The pick-up system consists of a vertical pneumatic cylinder (SLF-16-40-P-A, Festo
SE & Co. KG, Esslingen am Neckar, Germany) and a cylinder (ADVUL-12-25-P-A, Festo
SE & Co. KG, Esslingen am Neckar, Germany) that controls permanent magnets which
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are used to hold the part as it is delicate and the use of a classical mechanical gripper is
impractical. Upon presence of part at top position (12 o’clock of the stepper mechanism),
the vertical cylinder is moved downwards, the magnets are activated and the vertical
cylinder is returned back up. Figure 2 demonstrates the algorithm workflow graphically.

Figure 2. Algorithm of the process.

3. Results and Discussion
3.1. Practical Challenges of the Tuning Process

After the system is built, it is concluded that the right synchronization between several
parameters is important for the achievement of the highest productivity of the system.
Among the important parameters are:

• Bowl feeder output voltage (OV)—directly affecting the parts movement speed
• TON delay for inspection of sensor S1 (t1)
• Blowout time for the nozzle (t2)

The output voltage controls the feed rate of the bowl feeder. It is important that only a
single part is present in front of S1 at a time. The last sector of the mechanical pathway is
designed in such a way that it accelerates the single part towards the sensor.

Timer t1 should be directly related to the output voltage. The time for detection is
part of the waiting time where only a single part is present. The reason for this is that if a
second part is present immediately after the currently inspected one, a potential blowout
will remove both of them from the pathway and this is a great reduction of the productivity
as the second part may be properly oriented.

The blowout time t2 should be minimal to avoid blowing out the next part, regardless
of its exact position—immediately after the part, or slightly backwards.

Additional parameters that do not directly affect the orientation process but still are to
be considered are:

• Speed of rotation of the stepper mechanism
• Duration of the pick-up process

These parameters are not independent as the stepper motor cannot make steps while
the pick-up process takes place as there is a mechanical collision between the rotation
mechanism and the pick-up mechanism.

https://doi.org/10.3390/engproc2026154021
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The developed system is shown in Figure 3. A vibratory bowl feeder (pos. 3) feeds the
parts towards a rotating disc (pos. 1). Sensor S1 (pos. 4) is a fiber-beam reflection sensor
(FFRX-610, F&C Sensing Technology Co. Ltd, Changsha, China) that is used together with
a fiber amplifier (FF403P/D, F&C Sensing Technology Co. Ltd, Changsha, China) that
is preset to detect parts when they are present (logical 1) and to provide logical 0 when
there are no parts in front of the sensor. Sensor S2 (pos. 5) is an inductive proximity switch
(IB080173, IPF Electronic GmbH, Altena, Germany) which only detects properly oriented
parts. The nominal distance of this sensor is about 2 mm which perfectly suits the parts.
The vertical cylinder is tagged as V3201 and the magnets cylinder is tagged as V3203 (pos.
2). The stepper motor(pos. 6) features an absolute single-turn encoder in order to precisely
know the current position. The accuracy of the picking depends on:

• Mechanical precision of the stepper part and the deviation between the individual pins
• The accuracy of the stepper motor single steps

Figure 3. A picture of the developed system: 1—rotating disc 2—magnets cylinder; 3—vibratory
bowl feeder; 4—sensor S1; 5—sensor S2; 6—stepper motor.

These factors are closely related to mechanical loading conditions and structural
behavior, which may influence system precision and long-term stability [10,11].

Despite the properly determined tolerances and form deviations, the concept would
always lead to a drift in position due to the aforementioned parameters as well as due to
unknown random factors. From functional point of view, the system is tolerant to about
1.5◦–3◦ drift of the mechanical position between the stepper mechanism and the pick-up
mechanism. In case a greater drift is achieved, it will make it impossible to pick up a part
and the system will stop.

3.2. Key Issue with Stepper Motor Position

After the system is commissioned and first trials are made it becomes clear that after
a certain period of time the position drifts and the system stops. The drift is about three
degrees and gradually increases. The only fix is to make the stepper drive find the home
position again and restart the system. However, after approximately another 30 min, it
blocks again. An investigation has been made in order to find the reasons for this.

In the beginning, the calculation of the new position used Equation (1).

NP = CP + 45.00◦ (1)
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https://doi.org/10.3390/engproc2026154021


Eng. Proc. 2026, 154, 21 5 of 9

NP—new position setpoint, CP—current position feedback from encoder
At a glance, this looks correct—the position is determined from the current position +

45◦. However, similar feedback-based approaches may introduce cumulative positioning
deviations when small measurement errors are recursively propagated [3,4]. In order to
investigate the problem, a special testing program has been developed that only rotates the
mechanism with all other devices and sensors disabled. It counts the number of revolutions
and shows the actual position of the stepper drive.

Figure 4 shows a screenshot from the developed system for the HMI. The main
elements are Start and Stop buttons, a numerical field for the number of revolutions
(repetitions) of the test, fields for the theoretical angle after the amount of repetitions and
the current stepper setpoint. Also, the current position (encoder feedback), the velocity
setpoint and the current feedback for velocity are visualized.

Figure 4. A screenshot of the developed HMI software.

The aim of the test is to rotate the system as many times as possible and to observe
and compare the results between the theoretical angle and the real feedback angle. Several
tests have been conducted and the results are present in Table 1.

Table 1. Experiments for the investigation of the problem.

Number of Repetitions Theoretical Angle, ◦ Real Angle, ◦

2362 106,290 106,286.45
1501 67,545 67,541.80
1037 46,665 46,661.80

The results show a small and consistent negative deviation between the theoretical and
measured angular positions of the stepper motor. This deviation arises from the method
used to calculate successive setpoints in Equation (1).

Because the encoder feedback contains a small measurement variation (typically
within ±0.05◦ relative to the theoretical position), this variation accumulates over multiple
repetitions, leading to a gradual increase in the overall positioning error. Despite this
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accumulation, the relative error remains very small, and the system demonstrates good
repeatability and stable performance.

Due to mechanical vibrations and other disturbances, the encoder feedback exhibits
small random variations within the allowable tolerance range. As a result, a relatively
long period (approximately 30 mins) is required for the drift to become noticeable, as some
deviations are partially compensated over time [12].

An analogous statistical analysis was performed, similar to that presented in [13]
(Figure 3), for the results obtained before and after optimization, following the approach
of Naskinova et al. [14,15]. The obtained results shown in Table 1 lead to the linear
regression line shown as a graph in Figure 5. The correlation coefficient R = 0.89162 and
the corresponding coefficient of determination R2 = 0.79499 indicate a clear trend in the
experimental data and support the practical observation of cumulative position drift.

Figure 5. Relation between ln (number of repetitions) and ln (absolute value difference of theoretical
and real angle values).

The estimated slope −0.9228 of the regression model can be used as an indicator for
comparing the behavior of different experimental processes:

ln(error) = α0 + α ∗ ln(number o f notes, operations, repetitions, etc.)

This type of regression-based representation has been used in modeling practical
processes and for comparing trends through the estimated slope. In our case, the exact
formulation is:

ln(error) = 0.248 + 0.1292 ∗ ln(repetitions)

The proposed solution is presented in the following section. In this approach, the
setpoint is generated from the previous theoretical value rather than from the measured
feedback.

3.3. Improved Setpoint Generation for Eliminating Cumulative Position Error

To address the cumulative positioning deviation identified in the previous section,
an improved strategy for generating successive angular setpoints is proposed. The new
approach ensures that each commanded position is derived from the theoretical angular
sequence, thereby maintaining strict adherence to the intended indexing pattern.

https://doi.org/10.3390/engproc2026154021
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In this method, each new setpoint is calculated using the relation (2).

NP = OP + 45.00◦, (2)

where NP—new position setpoint, OP—old position setpoint.
By basing the setpoint on the previous theoretical value, the commanded positions

remain independent of small measurement variations in the encoder feedback. This pre-
vents the accumulation of minor deviations over repeated cycles and ensures consistent
angular spacing between successive positions. As the theoretical position remains the same,
increased by 45◦, the small error remains local to each processing of a rotation step and
does not affect the process.

The encoder feedback is still utilized for motion verification and diagnostic purposes
by the servo driver internally, such as confirming that the desired position has been reached
and detecting potential anomalies (e.g., missed steps or mechanical disturbances). However,
it no longer influences the generation of future setpoints and the system no longer stops
after a certain period of time.

The proposed setpoint generation strategy effectively eliminates the cumulative po-
sitioning error observed in the previous implementation. By deriving each new setpoint
from the previous theoretical value, the commanded positions remain strictly aligned with
the intended angular sequence and the theoretical values for the angle. This prevents the
accumulation of small measurement variations originating from the encoder feedback,
ensuring stable and drift-free operation over extended periods.

In addition to eliminating cumulative error, the approach significantly improves long-
term positioning accuracy. Experimental observations indicate that the total deviation is
limited to approximately 0.1–0.2◦ after 8 h of work, representing a substantial enhancement
in system precision. Such accuracy is particularly important for part feeding systems of
this kind, where consistent positioning directly influences the reliability of downstream
operations such as the pick-up procedure in this particular setup. Similar system-level
considerations for automated handling and positioning modules have been reported in
related engineering applications [15].

Furthermore, the proposed strategy enhances system robustness and reliability. While
encoder feedback is no longer used to generate subsequent setpoints, it remains integral for
motion verification and diagnostic purposes. This allows the system to detect anomalies
such as missed steps, mechanical slippage, or unexpected disturbances without introducing
cumulative drift into the control process.

Finally, the solution is straightforward to implement within existing control archi-
tectures. It requires only modification to the setpoint calculation logic, without the need
for additional hardware or complex control algorithms. This simplicity facilitates easy
integration into both new and existing systems while delivering significant improvements
in positioning performance.

After Equation (2) was implemented in the PLC program, a validation test was per-
formed, and the results are presented in Table 2. After the modification, the angular error
at the time of the measurement was 0.04◦.

Table 2. Experimental data after applying Equation (2).

Number of Repetitions Theoretical Angle Real Angle

1017 45,765 45,764.96

https://doi.org/10.3390/engproc2026154021
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4. Conclusions
This study analyzed the causes of position drift in a stepper motor-driven indexing

mechanism used in a part feeding system for cylindrical components. Experimental
analysis demonstrated that the gradual deviation between the theoretical and actual angular
positions was not due to mechanical inaccuracies or missed steps, but rather to the recursive
calculation of successive setpoints based on encoder feedback. The inherent measurement
variation of the encoder, although small, accumulated over repeated cycles and resulted in
a significant long-term positioning error that eventually disrupted the pick-up process.

To eliminate this issue, an improved setpoint generation strategy was proposed, in
which each new position command is derived from the previous theoretical setpoint. This
approach prevents the accumulation of measurement noise while still allowing encoder
feedback to be used for motion verification and diagnostic purposes. Experimental val-
idation confirmed the effectiveness of the proposed method, with the total positioning
deviation reduced to approximately 0.1–0.2◦ after extended operation, compared to a drift
of about 3◦ observed with the initial approach.

The proposed solution is straightforward to implement within existing PLC-based
control architectures and does not require additional hardware or complex algorithms.
Its application ensures consistent angular indexing, improved long-term accuracy, and
enhanced overall reliability of the part feeding system. These findings contribute to the
practical design and optimization of automated feeding and orientation mechanisms in
industrial environments.

Future work may focus on integrating automated homing or self-calibration routines,
as well as extending the approach to other indexing systems and motion control applications
requiring high precision and long-term stability.
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