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DSP-Based PMSM Control Using Linear Hall Effect Sensors or
Sensorless Control Algorithms

Student: Yi-Syuan Lai Advisor: Dr. Ying-Yu Tzou

Department of Electrical and Control Engineering
National Chiao Tung University

Abstract

This thesis presents the development of control methods based on a digital signal
processor (DSP) for permanent magnet synchronous motors (PMSMs). Two
methodologies are presented: 1) a servo control architecture employing linear Hall
effect sensors, and 2) a sensorless speed control scheme with a flux-based rotor position
estimation algorithm. By using linear Hall effect sensors, the rotor position information
can be obtained, and flux-oriented control (FOC) is achieved by generating current
references in the three-phase stationafyl| frame ‘without the stationary-to-rotating
reference frame transformation dnd;its inverse:-Also, the rotor speed can be calculated,
and then speed control and position,control are carried out. On the other hand, the
sensorless algorithm uses the inctemental values of flux linkage and the normalized
back-EMF functions to estimate incremental rotor position. An internal closed-loop
correction mechanism within this algorithm can correct rotor position estimation drift,
which could due to quatization error of digital processing or measurement noise.
Mathematical analyses and numerical simulations demonstrate robustness of this
sensorless algorithm. However, motor parameter variations and measurement
inaccuracies still introduce rotor position estimation error. Sensitivity analyses to motor
parameters and measured signals are also presented. According to this flux-based
sensorless approach, a new algorithm is proposed. The estimated back-EMF peak value
is involved in the new algorithm as an additional parameter. By tuning the weighting of
the new parameter, better performance than the original algorithm’s can be obtained.
This thesis proposes another approach, which makes the phase current be inphase with
each phase back-EMF respectively by tuning a parameter in the new sensorless
algorithm at the steady state to intentionally produce rotor position estimation error. An

experimental platform has been constructed and results are given for verification.
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3-phase permanent magnet synchronous motor

Type Y-connection, 16 poles
Rated voltage 5V

Stator resistance 0.75 Q

Stator inductance 0.165 mH

Back-EMF constant 0.333 mV/rpm

Rotor inertia 1.8x10° kg- m?

Mech. time constant 0.8 sec
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ISR c_int1()

A/D Converter
External Signal Sampling

Periodic Interrupt ¢
(20kHz)

ISR c_int2()

Background Process ISR c_int5( )

PWM Synchronization
Rotor Position Estimation
Current Control

Communication Function Receive RS232 Package

LED Display Function

|

Periodic Interrupt Periodic Interrupt 4 Aperiodic Interrupt

(20 kHz) (2kHz) Y
ISR c_int8()

Rotor Speed Estimation
Speed Control
Position Control

Efficiency Upgrading

W62 DSPAL e e ¥

—_— | 3
S Phase current
* command modulation
| Clear interrupt flags | ¥
v Phase current
| Reset watchdog timer | controllers
v
Sensorless rotor PWM duty ratio
position estimation limitation
v Y

Read Hall signals and no

currents from
A/D converter

Servo ready?

A 4

v | PWM output | | Disable PWM output

Hall signal or |

sensorless selection
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4

Speed calculation
using Hall signals

no

Position control?

A

Rotation angle Sensorless speed
accumulation estimation
v v
| Position controller I Speed_Hall or
‘ Speed_est selection
| Speed controller I< l
Output current 1
peak value command v

Sensorless
peed control?

| Efficiency upgrading I
Output K, for sensorless /, <
position estimation / v
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Back-EMF function table looking up
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v

Current increment computation
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Back-EMF peak value estimation
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Rotor position estimation
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Speed (rpm)

Phase Currents (A)

Speed (rpm)

Phase Currents (A)

Step Speed Control Using Linear Hall Sensors

B6.9 A &L AR
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Ramp position control using Hall sensors
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Steady-State Response at 3000 rpm (A
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Sensorless Ramp Speed Control
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Sensorless Speed Control (with load0
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/*** Back-EMF function table looking up ***/
if (Theta est>8000)

Theta est-=8000;
else if (Theta est<0)

Theta est+=8000;

if (Theta est>2667)

Theta est c=Theta est-2667;
else

Theta est c=Theta est+5333;

if (Theta est>5333)

Theta est b=Theta est-5333;
else

Theta est b=Theta est+2667;
eal=*(sinTab+(Theta_est>>4757 /* Retutn format: Q9 */
ecl=*(sinTab+ (Theta est é>>4)) ! s
ebl=* (sinTab+ (Theta est b>>4))A 1?. ]
/*** Back-EMF functions table looklng up KEND) *kxx/
/*** Current 1ncrementjqompupa§ion B~/ J
del_Ta=Cur_TIa_fb-Cur_I& old;fammyi=il
del Ib=Cur_ Ib_fb-Cur_ Ib old;+ =
del Ic= Cur Ic fb-Cur Ic old -

/*** Current increment computatlon.(END *okok [
Cur TIa old=Cur Ia fb;
Cur Ib old=Cur Ib fb;
Cur Ic old=Cur Ic fb;

/*** Flux increments computation ***/

del Psia=(int) (((long)Van-Cur Ia fb)*8441>>15)-del Ia;
del Psib=(int) (((long)Vbn-Cur Ib fb)*8441>>15)-del Ib;
del Psic=(int) (((long)Vecn-Cur Ic fb)*8441>>15)-del Ic;

/*** Flux increments computation (END) ***/

/*** Back-EMF peak value estimation ***/
E est=32* (Speed est>>2) * (long) (8-lambda); /* Format of lambda: Q3 */
/*** Back-EMF peak value estimation (END) ***/

/*** Rotor position estimation ***/
if (Speed est>0)
del Theta est=(int) (-
(37* (((del Psia*ecl+del Psic*ebl+del Psib*eal) * (long) lambda)-E est))>>17);
else
del Theta est=(int) (-
(37* (((del Psia*ebl+del Psic*eal+del Psib*ecl)* (long)lambda)-E est))>>17);
Theta est+=del Theta est;
/*** Rotor posztion estimation (END) ***/
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