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ABSTRACT
O Rare-earth cost makes high-quality PMSMs prohibitive in mid-performance applications
Q Hybrid stepper motors have high torque density and much lower cost
O Classical stepping or microstepping shows low robustness (vs. load variations, resonance)
O Modelling the stepper motor as a special case of PMSM
» Vector control similar to a common brushless servo motor
O Back-EMF based sensorless control

» Minimum power consumption and heat generation
» High-performance dynamics
» Audible noise reduction
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O Use of low-cost three-phase high-voltage IGBT module

O Application to industrial fast labelling machine

SYNCHRONOUS IMIODEL OF STEPPER HYBRID MOTOR

O From stepper motor model to PMSM equivalent
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SENSORLESS CONTROL SCHEME

O Three-phase inverter operating from rectified 230 Vac grid voltage
O Two-phase modulation

U Back-EMF observer in the stationary af8 reference frame

Q Constant non-null d-axis current for stabilization
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BACK-EMF BASED ESTIMATION
0O Stationary frame back-EMF observer

Siﬂ,g = ng (U;ﬁ— Rsiaﬁ = Eﬂﬁ) + Kl(!a,ﬁ - iﬂﬁ)

SEaﬁ = jﬁmegnﬁ + Kz(laﬁ - iaﬁ) - A §'
o Ex Speed & |7

O Estimation transfer function : Ei'":)csl:i]\:f HPF position

Ome . i; o—>| 2 extraction Tm’

bme 1'52L55/K2'5(RS/K2+K2/K1!-ss)

K- Rs—Ky L, K.
wo = =" &= (—s ,{: H) #— s

l THREE-PHASE IGBT MODULE FOR TWO-PHASE MOTORS: MODULATION ISSUES
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O Modified PWM modulation (common-mode voltage)
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0 Compact IGBT standard Intelligent Power Module:
7 SVPWM

»Compactness & cost advantage

»High-voltage, reduced parasitics

CONSTANT d-AxXis CURRENT STABILIZING EFFECT

O Estimation errors as additive noise:
By = +n

0O Constant d-axis current :
lp=1I4 sin(éme = Bme) +13 ms(émE - Bme)
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EXPERIMENTAL SETUP

Hybrid stepper motor parameters

Pole pairs. pp 50 O Compact 1 kW inverter and control board

Rated frequency. f, 1000 [Hz]
Stator resistance. R 0.4[Q] 0O 30 A three-phase IGBT module
Synchronous inductance. Lg 0.005 [H] Qs4a hybrid st ¢
PM flux linkage (amplitude). Ay, 5 0.013 [Vs] rms NyDrid stepper motor
Rated current, |i],, s 5.0 [Arms]

4.6 [Nm]

Rated torque. T,
O Test bench setup

O Labelling machine
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EXPERIMENTAL RESULTS

N 4@ O Effect of d-axis current on control noise
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CONCLUSIONS
QO Sensorless vector control of stepper motors from low-speed — servo-like
QO Full-torque capability with minimized current consumption
O Compact and low-cost three-phase IGBT module for two-phase motor

QO Successfully applicable to industrial labelling machine
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» firmware development
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TASKS:

= design of control and power electronics

= optimization of converter topology

= study and simulation of control algorithms

= implementation of preliminary control algorithms
»= magnetic encoder calibration algorithm



