c Roll-2-Roll

Stepper vs Servo vs BLDC: Choosing the Right Motor
for Web Guiding Actuators

Blog Post

An engineer-to-engineer comparison of stepper, servo, and BLDC motor architectures for high-thrust web
guiding actuators — when each makes sense, and where the tradeoffs lie.

Two Technologies, One Problem

When engineers spec high-thrust linear actuators for web guiding, the shortlist usually comes down to two
motor technologies: stepper motors and brushless DC (BLDC) motors. Both can be paired with a ballscrew
or roller screw to produce the linear forces web guiding demands. Both are mature, well-understood
technologies with decades of industrial deployment behind them.

The choice between them is not about which motor is "better" in the abstract. It is about which motor
architecture best fits the specific operating profile of web guiding — a profile that turns out to be unusual in
ways that matter.

Before we get into our reasoning, it is worth establishing what that operating profile actually looks like,
because it drives every conclusion that follows.

The Web Guiding Operating Profile

Web guiding with a deadband has a distinctive duty cycle that sets it apart from most motion control
applications:

e Corrections are brief. The actuator moves for fractions of a second at a time, typically at tens of
millimeters per second.

e Corrections are infrequent relative to motor capability. A correction rate of 0.5 to 2 Hz means the
motor spends the vast majority of its life at standstill, holding position.

e The position loop closes on the web, not the motor. A Roll-2-Roll® Sensor measures the actual web
position and commands corrections. Motor shaft position is an intermediate variable, not the controlled
output.

e Thrust loads are high. Moving heavy guide frames, unwind stands, or rewinder carriages on linear
bearings requires sustained force, primarily at low speed and at rest.
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If you are designing for continuous high-speed rotation, high duty cycle, or applications where motor shaft
position is the primary feedback variable, much of what follows will not apply to your problem. Those are
applications where BLDC — patrticularly with field-oriented control — genuinely excels.

What BLDC Actually Means — The Architecture Matters

"BLDC" covers two meaningfully different drive architectures, and the distinction affects every comparison
point:

Trapezoidal-commutated BLDC is the classical form. The drive applies a six-step commutation sequence
based on Hall effect sensor feedback. Current flows in two of three phases at a time. The result is
approximately 13-15% peak-to-peak torque ripple at each commutation transition. This ripple is present at all
speeds, including very low speeds.

FOC (Field-Oriented Control) BLDC applies continuously rotating current vectors using Park/Clarke
transforms, producing smooth torque to zero speed. Modern FOC controller ICs are commodity components
— capable silicon is available for under $5 in volume, and turnkey integrated drives are widely sourced. FOC
has become the standard approach for any new BLDC design, and it would be misleading to compare
stepper technology only against legacy trapezoidal drives.

We want to be clear: FOC BLDC is excellent technology. It resolves the torque ripple issues of trapezoidal
commutation, provides smooth low-speed operation, and when properly commissioned, delivers servo-grade
performance. The question is not whether FOC BLDC works well — it does — but whether the specific
advantages it provides are the ones web guiding most needs.

Low-Speed Smoothness: A More Honest Comparison

The original version of this comparison focused heavily on trapezoidal BLDC torque ripple. That was a fair
point five or ten years ago but is increasingly less relevant as FOC drives have become commodity items.
Let us compare against both.

Against trapezoidal BLDC, a stepper with 256-microstep interpolation does produce smoother low-speed
motion. The sinusoidally-shaped current waveform from a modern intelligent microstepping driver subdivides
each full step into fine increments, producing motion quality that genuinely exceeds six-step commutation at
the low velocities web guiding demands. This remains a valid differentiator if you are evaluating a trapezoidal
BLDC actuator.

Against FOC BLDC, the smoothness comparison is closer. A well-tuned FOC drive produces excellent low-
speed torque quality — arguably better than microstepped stepper motion, particularly under varying load
conditions. We will be honest about why: FOC continuously adapts its current vectors to maintain smooth
torque production regardless of load, while microstepping accuracy degrades under load.
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This is an important nuance. The 256-microstep resolution of a modern stepper driver implies very fine
positioning increments, but under significant load the actual rotor position does not precisely track the
electrical microstep position. The magnetic detent structure of the stepper means that under high thrust
loads, the rotor "snaps” between positions that are coarser than the microstep count suggests. The motion is
still smooth relative to full-stepping or half-stepping, and substantially smoother than trapezoidal BLDC, but it
is not 256-counts-per-step precise under real load conditions.

In web guiding, this matters less than it might in other applications, because the outer web edge sensor loop
is the true position authority. Microstep positioning errors at the motor are corrected by the next sensor
reading. But we would rather you understand this limitation upfront than discover it on the bench and
guestion everything else we have told you.

Stepper Resonance: Real, and Manageable

Stepper motors have well-documented resonance issues in the 50-200 Hz range (corresponding to roughly
150-600 RPM for a 200-step motor). At these speeds, the interaction between the rotor inertia and the
magnetic detent torque can produce oscillation, rough motion, and in severe cases, lost steps.

We will not claim this problem disappears. It does not. What we can say is that current-generation intelligent
stepper drivers provide multiple features that specifically mitigate resonance in the web guiding operating
regime:

e Voltage-mode PWM (silent operation mode) drives the motor with smooth voltage ramps rather than
current chopping. This eliminates chopper noise and produces resonance-free motion at the low velocities
where web guiding corrections occur. This is the primary operating mode for our actuators during
correction moves.

e Cycle-by-cycle current control provides active damping during faster moves by continuously adjusting
phase currents to suppress oscillation. When the actuator needs to traverse at higher speeds (e.g., during
initial alignment or manual jog), this mode maintains stability through the resonant speed bands.

e 256-microstep interpolation subdivides step transitions into fine increments, reducing the energy
impulse at each step boundary and lowering the excitation amplitude at resonant frequencies.

e Configurable acceleration ramps allow the motion profile to accelerate through resonant speed bands
quickly, minimizing dwell time at problematic frequencies.

The deadband operating profile also helps — most correction moves occur at speeds well below the primary
resonant band, and the move distances are short enough that the motor rarely accelerates into the resonant
range at all.
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The net result is that resonance, while physically present, is not a practical problem in our installed base of
web guiding actuators. But it is an engineering reality of stepper technology that requires proper driver
configuration to manage, and we think you should know that.

Audible Noise: Steppers Are Louder

This is straightforward: stepper motors produce more audible noise than BLDC motors. The magnetic detent
structure and the current switching patterns inherent in stepper operation generate acoustic noise that BLDC
motors — which produce a smooth rotating magnetic field — largely avoid.

Voltage-mode PWM operation helps significantly. By replacing the high-frequency current chopping with
smooth voltage drive, modern intelligent drivers reduce the characteristic stepper "singing" to a level that is
unobtrusive in most industrial environments. In a converting plant with web transport machinery running, the
actuator noise is not perceptible above ambient.

However, in quieter environments — a laboratory, a cleanroom, or a packaging line with minimal surrounding
equipment — the difference is audible, and if noise is a critical specification, BLDC has a genuine advantage.
We would rather tell you this now than have it become a surprise after installation.

Sensorless Operation: A Genuine Simplification with a Real Limitation

A stepper motor self-commutates through its pole structure — it does not need any rotor position sensor to
operate. This is an inherent architectural advantage over BLDC, which requires either Hall sensors
(trapezoidal) or a high-resolution encoder (FOC) for commutation.

Modern intelligent stepper drivers add sensorless stall detection via back-EMF analysis, which monitors the
motor's electrical signature to detect when the rotor has stopped following the commanded step sequence.
This provides a safety net against mechanical obstructions or overload conditions without requiring any
additional hardware.

For web guiding, sensorless operation eliminates sensor wiring inside the actuator, removes a failure mode
(sensor failure or wiring damage), and simplifies field motor replacement — the new motor works as soon as
it is wired for power. With hundreds of installed actuators across our customer base, the reliability benefit of
fewer internal components has been validated in practice.

The limitation we want to be honest about: sensorless operation means there is no positive confirmation
of move completion at the motor. The stepper driver knows what it commanded, and the stall detector knows
if the motor stopped unexpectedly, but there is no direct measurement confirming the motor reached the
intended position. The web edge sensor closes this gap — but with a transport delay of 0.5 to 2 seconds
depending on sensor placement and web speed. For most web guiding applications, this delay is well within
the control bandwidth and causes no issues.
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For high-value webs where a single misguidance event during that transport delay could cause significant
scrap or damage, an encoder option on the motor may be worth considering as additional insurance. We
offer this as an option, and we think some applications justify it. The point is that the base architecture works
without an encoder for the majority of installations, not that an encoder is never useful.

Drive Complexity and Field Commissioning

This is where the stepper architecture provides what we consider its strongest practical advantage for OEM-
supplied equipment.

A modern intelligent stepper driver requires configuration of: run current, hold current, microstep resolution,
acceleration ramp parameters, and operating mode selection. These parameters are determined by the
motor and mechanical load, set at the factory, and do not change at installation. There are no commutation
parameters. There are no current loop gains that must be matched to motor electrical characteristics. There
is no sensor calibration.

FOC BLDC commissioning is more involved. The drive must know the motor's electrical parameters (phase
resistance, inductance, back-EMF constant) to tune the d-axis and g-axis current loops. Many modern FOC
drives include auto-tuning routines that measure these parameters during an initial commissioning sequence
— a genuine improvement over earlier generations that required manual tuning. The encoder must be
aligned to the motor's electrical angle. Position and velocity loop gains may need adjustment depending on
the mechanical load.

For a system where the OEM controls both the factory build and the field installation, FOC commissioning is
entirely manageable. The auto-tuning capability of modern drives has substantially reduced the expertise
required. We do not claim FOC is impractical — many thousands of FOC-based actuators ship successfully
every year.

The difference is in the margin for error. A stepper system configured at the factory will behave identically in
the field regardless of cable length variation, motor production batch variation, or the skill level of the
installation technician. The parameter set is inherently robust because there are no closed-loop dynamics
that can become unstable. For an OEM shipping actuators to diverse field environments with varying
installation quality, this robustness is a meaningful advantage.

Efficiency: Where BLDC Genuinely Wins (and Why It Matters Less Here)

The efficiency advantage of BLDC over steppers is real and undeniable. A BLDC motor draws current
proportional to the torque being produced. A stepper motor draws significant current in both phases
regardless of load — this is fundamental to how the detent holding mechanism works.
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In a continuously-running, high-duty-cycle application, this translates to meaningfully lower heat generation
and lower operating costs for BLDC. If you are building a high-duty-cycle actuator, BLDC efficiency is a
compelling reason to choose it.

For web guiding with a deadband, the picture changes. The motor is at rest most of its operating life.
Corrections are brief. Modern intelligent stepper drivers include automatic hold current reduction — stepping
down to 30-50% of run current during standstill — which limits the efficiency penalty during the dominant
operating state.

Here is where we want to be honest about an argument that cuts both ways. If the duty cycle is truly low
enough that stepper efficiency losses are acceptable, it is also low enough that BLDC complexity costs
(higher component cost, encoder requirement, commissioning burden) are spread over very little operating
time. You are paying the complexity premium on a motor that is barely running. Both technologies can

handle the thermal load of a low-duty-cycle application without difficulty. The question becomes which other
factors — simplicity, cost, field serviceability — dominate the decision when efficiency is off the table for both.

Power Density and Thermal Considerations

BLDC motors offer higher power density than steppers at equivalent frame sizes — more continuous torque
per unit volume, primarily due to lower thermal losses from the efficiency advantage described above.

For web guiding with a deadband, the continuous torque rating is less relevant than the peak torque
capability for brief correction moves and the holding force at standstill. Steppers produce their highest torque
at low speeds and at standstill — a natural match for this profile. The duty cycle is low enough that thermal
limits are not approached if the motor is correctly sized.

Our empirical validation: NEMA 34 frame stepper motors (approximately 7 Nm holding torque) reliably
moving loads up to 20,000 Ib on linear bearings in deadband-controlled web guiding, across hundreds of
installations. Thermal limitation has not been a constraint in this operating mode.

Cost Structure

Stepper motors and their drivers carry a lower bill-of-materials cost than equivalent-torque BLDC motors with
FOC drives and encoders. NEMA-frame high-torque steppers are available from multiple manufacturers with
stable pricing. Intelligent microstepping driver ICs are mature, high-volume silicon.

We will not make a broad supply chain argument here. Both stepper and BLDC components are available
from multiple sources. Both have mature supply ecosystems. The cost difference is real but not dramatic
enough to be the sole deciding factor — it is one input among several.
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The more significant cost consideration for OEM actuator manufacturers is the total installed cost, which
includes commissioning time, field service complexity, and spare parts inventory. A sensorless stepper
system with no field tuning requirements has lower total installed cost than an encoder-equipped FOC
system that requires commissioning — but the magnitude of that difference depends on your production
volume, your field service infrastructure, and your customer base's technical capability.

Where BLDC Is the Better Choice

We would lose credibility with you if we did not clearly state where BLDC — particularly with modern FOC
drives — is the superior technology:

High-speed continuous operation. Stepper torque falls off sharply above the corner frequency (typically
500-800 RPM depending on supply voltage and motor inductance). BLDC maintains useful torque to much
higher speeds. If your actuator needs sustained high-speed traversal, BLDC is the right motor.

High duty cycle with thermal constraints. In applications approaching continuous duty in confined
enclosures, BLDC efficiency directly translates to lower operating temperature and longer life. The efficiency
advantage that is academic at 5% duty cycle becomes decisive at 60%.

Applications requiring precise shaft position feedback. If your control architecture needs a motor-
mounted encoder — because there is no external position sensor, or because you need move-complete
confirmation with minimal latency — FOC BLDC already requires the encoder for commutation. Using it for
position feedback adds zero incremental cost or complexity.

Long stroke, high speed positioning. Flying splices, rapid format changes, or any application combining
high force with long high-speed strokes favors BLDC torque-speed characteristics.

Noise-critical environments. In laboratories, cleanrooms, or other quiet settings, BLDC produces
meaningfully less acoustic noise than steppers even with voltage-mode PWM optimization.

These are genuine BLDC advantages, and if your application profile includes any of them as primary
requirements, you should evaluate BLDC actuators seriously.

Why We Chose Steppers for Web Guiding

Given all of the above — including the honest acknowledgment of stepper limitations — here is why we
chose stepper motor architecture for our web guiding actuators:

The operating profile is a narrow sweet spot for steppers. Low speed, low duty cycle, high thrust at
standstill, and position feedback from an external web sensor rather than a motor encoder. This specific
combination of requirements aligns with stepper strengths and avoids stepper weaknesses. The overlap is
not accidental — it is the reason we are a stepper-based actuator company for this application rather than a
BLDC-based one.
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Sensorless architecture reduces installed complexity. No encoder wiring inside the actuator, no Hall
sensor connections, no commutation alignment. For an actuator that may be installed by a millwright rather
than a motion control engineer, this simplification has practical value.

No field commissioning eliminates a failure mode. The actuator works the same way regardless of
installation conditions. Our factory configuration is the field configuration. This matters when you have
hundreds of units in the field across dozens of plants.

Modern intelligent drivers have addressed the historical stepper weaknesses. Resonance mitigation
through voltage-mode PWM and active damping, automatic hold current reduction for thermal management,
sensorless stall detection for safety — these features did not exist when the "steppers are primitive"
reputation was established. They exist now, and they change the engineering tradeoff.

The web sensor closes the loop where it matters. This is the most important point. In a closed-loop web
guiding system, the motor is not the position authority — the web edge sensor is. Microstepping positioning
errors, open-loop position uncertainty, and any mid-correction disturbances are all captured and corrected by
the outer sensor loop. This makes the stepper's open-loop nature a non-issue for the final system accuracy,
while allowing the system to avoid the complexity of a motor-mounted position sensor.
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The Complete Comparison

Factor

Low-speed torque
smoothness

Sensor requirement

Resonance

Audible noise

Field tuning required
OEM shipping suitability

Efficiency at low duty cycle

Cost (motor + drive +
sensor)

Drive complexity

Thermal performance at
high duty

High-speed torque

Move-complete
confirmation

Fit to web guiding profile

Conclusion

BLDC
(Trapezoidal)

Poor (6-step ripple)

Hall sensors

(required)

Not applicable

Low

Commutation setup
Moderate

Moderate

advantage

Moderate

Moderate

Good

Good

Via Hall count

Marginal

BLDC (FOC/Servo)

Excellent

High-res encoder

(required)

Not applicable

Low

Auto-tune + verification
Good (with auto-tune)

Moderate advantage

Moderate-High

Moderate (modern

drives)

Good

Excellent

Via encoder

Capable but
overspec'd

Stepper + Intelligent Driver

Good (microstepping; degrades under
load)

None required (encoder optional)

Present (50-200 Hz); mitigated by
driver features

Moderate (reduced by voltage-mode
PWM)

No
Excellent

Adequate (auto current reduction)

Low

Low

Adequate (low-duty applications)

Poor

Via stall detect only (0.5-2s sensor
delay)

Well-matched

We chose stepper motors for our web guiding actuators not because steppers are universally superior —
they are not — but because the specific operating profile of deadband-controlled, sensor-corrected, high-
thrust web guiding sits squarely in the stepper motor's best operating regime while requiring almost none of
the capabilities that justify BLDC's additional complexity.
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Modern FOC BLDC drives are excellent technology. If we were building high-duty-cycle actuators, high-
speed positioning systems, or servo axes without an outer position sensor, we would likely be a BLDC
company. Those are not the applications we serve.

The web edge sensor is the key architectural element that makes the stepper choice work. By closing the
position loop at the web — where accuracy actually matters — the sensor makes the motor's open-loop
positioning uncertainty irrelevant to system performance. The stepper provides the thrust, the sensor
provides the accuracy, and the combination delivers reliable web guiding without the commissioning
complexity of a closed-loop motor drive.

For high-thrust web guiding at low duty cycles, our experience across hundreds of installed actuators is that
the stepper motor with a modern intelligent microstepping driver is the right engineering choice. Not because
it is superior in every dimension, but because it is the simplest architecture that meets every requirement this
specific application demands — and in engineering, that is usually the correct answer.
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