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Introduction

Stepper motors are ubiquitous in modern automation, from 3D printers and CNC machines to robotic arms and
precision positioning stages. Their ability to move in discrete steps makes them ideal for applications that require
accurate positioning and repeatable motion. However, achieving smooth, linear motion at varying speeds demands
more than simply sending step pulses; it requires a carefully designed control algorithm that can manage
acceleration, deceleration, and torque while maintaining a linear velocity profile.

In this comprehensive guide, we will explore the intricacies of an algorithm of linear speed control of a stepper
motor, delving into the underlying principles, design considerations, and practical implementation techniques.
Whether you are an engineer building a high precision motion system or a hobbyist looking to upgrade your 3D
printer, this article will provide you with the knowledge and tools to design and implement robust linear speed
control for stepper motors.

1. Understanding Stepper Motors

1.1 How Stepper Motors Work

Stepper motors convert electrical pulses into mechanical rotation. Each pulse causes the motor to advance by a
fixed angular increment, known as a step. The step size depends on the motor design and the excitation pattern
applied to its windings. By controlling the sequence and timing of pulses, we can dictate the motor's speed,
direction, and position.

1.2 Types of Stepper Motors

¢ Permanent Magnet (PM) Stepper Motors: Use a permanent magnet rotor and provide high torque at low
speeds.

» Variable Reluctance (VR) Stepper Motors: Rely on magnetic reluctance and offer smooth operation at high
speeds.

« Hybrid Stepper Motors: Combine features of PM and VR motors to deliver high torque and fine resolution.

Hybrid stepper motors are the most common choice for precision motion because they provide a good balance
between torque, speed, and resolution.

2.The Need for Linear Speed Control

2.1 Why Linear Speed Matters

In many applications, the quality of motion is judged by how uniformly the motor travels over a given distance.

Non linear speed profiles can lead to jerky movements, vibrations, and increased mechanical wear. A linear speed
control algorithm ensures that the motor accelerates and decelerates smoothly, maintaining a constant velocity

during the main travel phase.

2.2 Common Use Cases

» 3D Printing: Uniform extrusion requires consistent print head speed.
e CNC Milling: Linear feed rates improve surface finish and tool life.



* Robotic Arms: Smooth end effector motion reduces collision risk.
* Medical Devices: Precise positioning in imaging and surgical equipment.

3. Fundamentals of Linear Speed Control Algorithms

3.1 Core Components

A linear speed control algorithm typically comprises three main stages: acceleration, constant velocity, and
deceleration. Each stage is governed by a mathematical profile that dictates how the pulse interval changes over
time.

3.2 Acceleration and Deceleration Profiles
Common profiles include:
e Trapezoidal: Linear acceleration to a maximum speed, then linear deceleration.

e Sinusoidal: Smooth acceleration and deceleration following a sine wave, reducing mechanical shock.
* Polynomial: Higher order polynomials offer even smoother transitions.

Choosing the right profile depends on the application’s tolerance for vibration, required precision, and available
computational resources.

3.3 Calculating Pulse Timing

The heart of the algorithm is the calculation of the next step pulse interval. For a given desired velocity \\(V\\) and
step resolution \\(s\\), the ideal pulse period \\(T\\) is:

T=sl/v

During acceleration, \\(v\\) increases gradually; during constant velocity, it stays fixed; and during deceleration, \\(\\
\) decreases. The algorithm updates \\(T\\) in real time, ensuring the motor follows the intended speed profile.

4. Design Considerations

4.1 Torque Requirements

Stepper motors have a torque curve that decreases with speed. If the algorithm demands a speed that exceeds the
motor’s torque capability at a given load, the motor will miss steps. Therefore, it's crucial to estimate the peak load
torque and choose a motor that can sustain the required speed.

4.2 Microstepping

Microstepping divides each full step into smaller increments, typically 16, 32, or 64 microsteps. This technique
improves resolution and reduces torque ripple, but it also increases the number of pulses per revolution. The
algorithm must account for the microstepping factor when calculating pulse intervals.

4.3 Driver Capabilities

Different stepper drivers support various features:

e Current Control: Adjusting coil current to manage torque.
e Acceleration Control: Some drivers provide built in acceleration settings.
e Step Rate Limits: Drivers often have maximum step rates; exceeding them can cause missed steps.

When designing the algorithm, ensure that the driver’s limits are respected.

4.4 Timing Precision



High speed motion requires precise timing. A microcontroller’s timer peripherals or dedicated motion control chips
can generate accurate step pulses. Using hardware timers eliminates jitter that may arise from software loops.

5. Stepper Motor Speed Control Implementation

5.1 High Level Algorithm Flow

1. Initialize Parameters: Set target distance, maximum speed, acceleration, microstepping factor, and motor
constants.

2. Compute Total Steps: Convert distance to step count based on step resolution.

3. Generate Acceleration Profile: Calculate the number of steps for acceleration, constant velocity, and
deceleration.

4. Start Step Pulses: Use a timer interrupt or DMA to generate pulses at calculated intervals.

5. Monitor Feedback: If encoder or sensor feedback is available, compare actual position with desired position
to correct errors.

6. Finish Motion: Once the target distance is reached, stop the driver or set it to hold mode.

5.2 Pseudocode Example

Below is a simplified pseudocode that illustrates the core logic of a trapezoidal speed control algorithm:
\ninitialize(target_distance, max_speed, accel, microsteps)\nsteps = target_distance / (step_size /
microsteps)\naccel_steps = (max_speed”2) / (2 * accel)\ndecel_steps = accel_steps\nconst_steps = steps -
(accel_steps + decel_steps)\n\nfor i in 1 to accel_steps:\n T = compute_interval(i, accel)\n pulse(T)\n\nfor i in 1
to const_steps:\n T = compute_interval(max_speed)\n pulse(T)\n\nfor i in 1 to decel_steps:\n T =

compute_interval(decel_steps - i, accel)\n pulse(T)\n\nin practice, the compute_intervalfunction would use the
mathematical relationships described earlier to calculate the appropriate pulse period.

6. Microstepping and Acceleration Profiles

6.1 Impact of Microstepping on Speed Control

While microstepping improves resolution and reduces torque ripple, it also increases the number of steps per
revolution. Consequently, the algorithm must generate more pulses for the same physical distance, which can push
the limits of the driver's maximum step rate.

6.2 Smoothing Acceleration Transitions

A sinusoidal acceleration profile is defined by:
v(t) =v_max *sin( (< 6"’ ¢ £B 0 E® 66VA’ «

where \\(t\\) is the elapsed time and \\(t_{\\text{accel}}\\) is the total acceleration time. This profile reduces jerk (the
derivative of acceleration), leading to smoother motion and less mechanical stress.

3.4 Polynomial Acceleration

Higher order polynomials can be used when the application demands extremely smooth transitions. For example, a
cubic profile:

v(t) = v_max * (3*(t/t_accel)*2 - 2*(t/t_accel)"3)
provides zero acceleration at the start and end points, which is beneficial for delicate assemblies.

7. Practical Implementation Examples



7.1 Arduino + DRV8825 Driver

Arduino boards can control stepper motors via digital pins and timer interrupts. The DRV8825 driver supports up to
48 /kHz step rates and offers microstepping options up to 1/32. A typical implementation uses theTimerlinterrupt
to generate step pulses, while the main loop updates the pulse interval based on the acceleration profile.

7.2 STM32 + STM32CubeMX

The STM32 ecosystem provides hardware timers with DMA support. Using CubeMX, you can configure a timer
channel to output a PWM signal whose duty cycle is set to 50 % and whose period corresponds to the step interval.
The DMA then updates the period register in real time, ensuring glitch free pulse generation.

7.3 Dedicated Motion Control Boards

Boards such as the Smoothieboard or RAMPSoffer built in motion control firmware (Marlin, Smoothieware). These
firmware packages already implement sophisticated linear speed control algorithms, including acceleration ramps,
jerk limits, and profile shaping. For developers, customizing the firmware allows integration of custom algorithms
while leveraging existing driver support.

8. Common Challenges and Troubleshooting

8.1 Missed Steps

Missed steps occur when the motor cannot keep up with the commanded speed or torque. Causes include:
¢ Excessive load torque.
« Insufficient current in the driver.

¢ Exceeding the driver's maximum step rate.
e Timing jitter due to software delays.

Solutions involve reducing target speed, increasing driver current, or adding a gearbox.

8.2 Vibration and Resonance

Sudden changes in acceleration can excite mechanical resonances. Using smoother acceleration profiles
(sinusoidal or polynomial) and limiting jerk can mitigate this issue.

8.3 Heat Dissipation

High step rates and large currents generate heat in the motor and driver. Adequate cooling, heat sinks, or active
cooling may be required for sustained operation.

8.4 Feedback Integration

Adding an encoder or optical sensor provides closed loop control, allowing the algorithm to correct for missed steps
and maintain precise positioning. Implementing an PID controlleraround the speed error can further enhance
performance.
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