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ABSTRACT

Stepper motors are widely used in mechatronic systems for positioning,

because they move in precise discrete steps and can be commanded to a

position without a feedback sensor, but the size of the step limits how finely

they can be positioned and can cause jerky motion and vibration;

microstepping is a technique that divides each step into many smaller ones for

finer, smoother positioning. This study examines the microstepping control of

a stepper motor for precise positioning and how it achieves finer resolution

than ordinary stepping. A stepper motor was driven by microstepping, in

which the currents in the two motor windings are varied gradually, in steplike

increments following a sine and a cosine, rather than switched fully on and off,

and the resulting positioning was examined. By holding the two winding

currents at intermediate values, in proportions between those of adjacent full

steps, the motor was made to take up intermediate positions between the full-

step positions, so that each full step was divided into a number of finer

microsteps, greatly increasing the resolution of positioning. The gradual

change of the currents also smoothed the motion, reducing the jerkiness and

vibration of ordinary full stepping, in which the abrupt switching of the

windings moves the rotor in sudden jumps. Microstepping thus improved both

the fineness and the smoothness of positioning, at the cost of a more complex

drive that must control the winding currents to graded levels rather than

simply switching them, and with some reduction in the precision and torque of

each individual microstep. The study shows that microstepping markedly

improves the resolution and smoothness of stepper-motor positioning, and it

discusses how it works and the trade-offs it entails.
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INTRODUCTION

Stepper motors are widely used for positioning in mechatronic systems, from printers and

machine tools to cameras and laboratory instruments. Their distinctive feature is that they

move in discrete steps: each electrical command advances the rotor by a fixed angle, one step,

so that the position can be controlled simply by counting the steps commanded, without the

need for a sensor to measure the position and feed it back (1, 7). This open-loop positioning,

moving to a known position by counting steps, makes stepper motors simple and inexpensive

to use for many positioning tasks (2).

The discrete step that makes stepper motors easy to control also limits them. The size of the

step sets the finest positioning the motor can achieve in ordinary operation: it can be

commanded only to the full-step positions, not between them, so positioning finer than one

step is not possible by simple stepping (3). Moreover, each step moves the rotor abruptly, in a

sudden jump, which makes the motion jerky and can excite vibration and noise, especially at

low speeds, where each step is distinct; this jerky motion is undesirable where smooth, quiet

movement is wanted (1).

Microstepping is a technique that overcomes these limitations by dividing each full step into

a number of smaller steps, called microsteps. It does so by controlling the currents in the

motor windings to intermediate levels rather than simply switching them fully on or off, so

that the rotor can be held at positions between the full-step positions (5). This paper examines

the microstepping control of a stepper motor for precise positioning, driving the motor by

microstepping and examining how it achieves finer resolution and smoother motion than

ordinary stepping. The aim is to show how microstepping works and to discuss the

improvements it brings and the trade-offs it entails.

LITERATURE REVIEW

Stepper motors and their control, including microstepping, are treated thoroughly in the

standard works on stepping motors and motion control (1, 2, 3). The literature explains that a

stepper motor moves because the currents in its windings set up a magnetic field that the rotor

aligns with, and that in ordinary stepping the windings are switched in a fixed sequence,

moving the field, and the rotor, in discrete full steps (7).
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MICROSTEPPING AND ITS EFFECTS

The literature describes how microstepping works and what it achieves:

 Microstepping varies the winding currents gradually, in graded levels following a sine

and a cosine, rather than switching them fully (5).

 Holding the currents at intermediate proportions positions the rotor between the full-step

positions, dividing each step into microsteps (1).

 This increases the resolution of positioning and smooths the motion, reducing vibration

(3).

 It requires a more complex drive and reduces the torque and accuracy of each microstep

(4).

A recurring theme is that microstepping improves the resolution and smoothness of

positioning, at the cost of a more complex drive and reduced per-microstep torque and

accuracy.

The literature describes microstepping as the control of the winding currents to graded

intermediate levels, so that the magnetic field, and hence the rotor, can be positioned between

the full-step positions, dividing each step into many microsteps and greatly increasing the

resolution (5). It notes that microstepping also smooths the motion, because the rotor moves

in many small increments rather than a few large jumps, reducing the vibration and noise of

full stepping (3). The literature also records the costs: microstepping requires a more

sophisticated drive that can set the currents accurately to many levels, and the torque and

positional accuracy of each individual microstep are lower and less certain than those of a full

step (1, 4). The broader principles of motor drives and motion control within which

microstepping sits are set out in the standard references (6, 8, 9, 10).

RESEARCH GAP

Although microstepping is well established, a concise demonstration that shows how varying

the two winding currents gradually positions the rotor between full steps, increasing

resolution and smoothing motion, while noting the trade-offs, remains useful as a clear

illustration. There is therefore value in a study that relates the finer, smoother positioning of

microstepping to the graded control of the winding currents.
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OBJECTIVES

The objectives of this study are:

 To drive a stepper motor by microstepping, varying the two winding currents gradually

rather than switching them.

 To examine how holding the currents at intermediate levels positions the rotor between

full steps.

 To assess the improvement in resolution and smoothness over ordinary stepping.

 To relate these to the control of the winding currents and discuss the trade-offs.

METHODOLOGY

1. Microstepping Drive

A stepper motor with two windings was driven by microstepping, in which the currents in the

two windings are varied gradually, in steplike increments following a sine and a cosine,

rather than switched fully on and off as in full stepping (5). By setting the two currents to

intermediate values, in proportions between those of adjacent full steps, the rotor was

positioned between the full-step positions. The scheme is summarised in Table 1.

Table 1: Stepping modes and resolution

Mode Winding currents and resolution

Full step Currents switched fully; coarsest positioning

Half step An intermediate current state; twice the steps

Microstepping Currents graded to many levels; many microsteps

Positioning Rotor held between full-step positions

2. Evaluation

The positioning achieved by microstepping was examined: how the rotor took up

intermediate positions as the winding currents were graded, dividing each full step into

microsteps, and how finely it could thus be positioned compared with full stepping (1). The

smoothness of the motion was also considered, against the jerky motion of full stepping,
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together with the costs of microstepping in drive complexity and in the torque and accuracy

of each microstep (4).

RESULTS AND FINDINGS

Microstepping positioned the rotor between the full-step positions by holding the winding

currents at intermediate values, as illustrated in Figure 1, which shows the two winding

currents varied gradually, following a sine and a cosine, with the microstep positions marked.

At a full step, one winding carries its full current and the other little or none; by setting the

two currents to intermediate proportions between these, the magnetic field, and so the rotor,

was held at an intermediate angle, a microstep, between the full-step positions (5). Grading

the currents through many such proportions divided each full step into many microsteps,

greatly increasing the resolution of positioning (1).

Figure 1: Two-phase winding currents for microstepping, with microstep positions marked

The gradual change of the currents also smoothed the motion. In full stepping, the abrupt

switching of the windings moves the rotor in sudden jumps, which is jerky and excites

vibration; in microstepping, the rotor moves in many small increments as the currents change

gradually, so the motion is smoother and quieter (3). Microstepping thus improved both the

fineness and the smoothness of positioning. These benefits came at a cost: the drive had to

control the winding currents to many graded levels accurately, rather than simply switching
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them, which is more complex, and the torque and accuracy of each individual microstep were

lower and less certain than those of a full step (4). The comparison is summarised in Table 2.

Table 2: Characteristics of microstepping compared with full stepping

Characteristic Full stepping Microstepping

Resolution Coarse (one step) Fine (many microsteps)

Smoothness Jerky, more vibration Smooth, less vibration

Drive complexity Simple switching Graded current control

Per-step torque/accuracy Higher, definite Lower, less certain

DISCUSSION

The results show that microstepping markedly improves the resolution and smoothness of

stepper-motor positioning, and they explain how. The key is that the rotor's position is set by

the balance of the currents in the two windings: the rotor aligns with the combined magnetic

field, whose direction depends on the ratio of the two currents (5). In full stepping the

currents take only their fully on or off values, so the field, and the rotor, can point only in a

few fixed directions, the full-step positions. In microstepping the currents are set to graded

intermediate values, so the field can point in many intermediate directions, and the rotor can

be held at many intermediate positions, dividing each step into microsteps and finely

increasing the resolution (1).

The smoothing of the motion follows from the same gradual control. Full stepping moves the

rotor in a few large jumps, each an abrupt switch of the windings, which jerks the rotor and

rings, exciting vibration and noise that are worst at low speeds where the jumps are distinct;

microstepping moves the rotor in many small increments as the currents change gradually, so

the motion approaches a continuous glide, much smoother and quieter (3). This smoothness is

valuable wherever vibration or noise must be avoided, as in precision instruments and

cameras, and it complements the finer resolution that microstepping provides.
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The improvements come at a cost, and the trade-offs frame how microstepping is used. The

drive must set the winding currents accurately to many graded levels, rather than simply

switching them on and off, which requires more sophisticated electronics than a full-step

drive (1). And the torque holding the rotor at a microstep is smaller than that holding it at a

full step, and the exact position of a microstep is less certain, affected by friction and by

imperfections in the motor, so the fine resolution of microstepping is not always matched by

an equally fine accuracy (4). Microstepping is therefore most valuable for the smoothness it

brings and for moderately finer positioning, rather than as a guarantee of extreme accuracy,

which may require a feedback sensor. The practical conclusion is that microstepping is an

effective and widely used way to make stepper-motor positioning finer and smoother, well

suited where smooth, quiet, fine motion is wanted, the main caveats being that it needs a

more complex drive and that the accuracy and torque of each microstep are reduced.

LIMITATIONS

The following limitations apply to this study:

 The accuracy of each microstep is reduced by friction and motor imperfections, so fine

resolution does not guarantee equally fine accuracy.

 The torque holding the rotor at a microstep is smaller than at a full step.

 Microstepping requires a more complex drive than full stepping.

 The study examined positioning in open loop, without a feedback sensor, which would be

needed for guaranteed accuracy.

FUTURE SCOPE

Future work could extend the present study as follows:

 Measurement of the actual positional accuracy of microsteps, accounting for friction and

motor imperfections.

 Combination of microstepping with a feedback sensor for closed-loop precise positioning.

 Study of the torque available at microsteps and its effect on loaded positioning.

 Comparison of different numbers of microsteps per step for resolution, smoothness, and

accuracy.

 Application of microstepping to specific precision positioning tasks and assessment of

performance.
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CONCLUSION

The microstepping control of a stepper motor for precise positioning was examined by

driving the motor with graded winding currents and examining the resulting positioning. By

holding the two winding currents at intermediate proportions, following a sine and a cosine,

the rotor was positioned between the full-step positions, dividing each full step into many

microsteps and greatly increasing the resolution, while the gradual change of the currents

smoothed the motion and reduced the vibration of ordinary full stepping. The study shows

that microstepping markedly improves both the resolution and the smoothness of stepper-

motor positioning, at the cost of a more complex drive that must control the winding currents

to graded levels and with some reduction in the torque and accuracy of each microstep, so

that it is most valuable for smooth, quiet, finer motion rather than as a guarantee of extreme

accuracy, with the caveats that the per-microstep accuracy and torque are reduced.
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