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SENSORLESS FOC OF 3-PHASE INDUCTION MOTORS

BASED ON THE INSTASPIN SOLUTION

SUMMARY

Nguyen Thi Mai Huong”, Nguyen Tien Hung
College of Technology - TNU

The induction motors are widely used in the industrial as well as residential applications thank to
their simple construction and long-term working ability. During last years, the well-known field
oriented control that have been applied to three-phase electrical driver systems allows engineers to
construct high quality products in the motion control market. The benefits of field oriented control
that can be directly realized as lower energy consumption provides higher efficiency, lower
operating costs and reduces the cost of drive components. In sensorless field oriented control, the
speed or position of the rotor is estimated via other parameters without using a mechanical motor
rotor sensor. Recently, the Texas Instruments introduces a new solution that enables designers to
identify, tune and fully control of three-phase induction motors. This solution is a firmware
package named as InstaSpin that provides the designs of high performance control systems at low
or medium cost for dynamic applications. In this paper, we present the use of the InstaSpin
solution in a preliminary design of a three-phase inverter for speed control of an induction motor.
Some simple experimental results are also provided in this paper.
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INTRODUCTION

In the literature, various techniques have been
proposed for AC Induction Motors (ACIM)
such as direct torque control (DTC) [1, 2, 3,
4], dead-beat type digital control [5], adaptive
backstepping sliding mode control [6]. As a
typical feature, DTC does not require an inner
current controller. This leads to a simplified
control configuration and allows to obtain
high dynamic responses. As a disadvantage,
such control schemes produce large ripples in
the active and reactive power at steady state.
Additionally, the deadbeat controller in [5] is
designed under the assumption that the
mechanical angular speed is constant during
each sampling period. In every sampling
cycle, their coefficients are determined under
the assumption that the DFIM model is linear
time-invariant, and this computation is
repeated if a different value of the angular
speed is measured. The main drawbacks of
this approach are the high on-line
computational load and the fact that the
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adjustment of the deadbeat controller
parameters is rather ad-hoc. As a result, the
performance of the system can not be
guaranteed over the entire operating range of
the ACIM.

Conventional control design for ACIMs is
dealt with a V/Hz control approach. This
method has some some natural limitations
since it can not guarantee the control
performance over the working range of the
rotor speed. On the contrary, the Field
Oriented Control (FOC) allows one to bypass
these limitations by decoupling the effect of
the torque and the magnetizing flux.
However, this also introduces several
mathematical transforms that are not easy to
be implemented on analog systems.
Nowadays, since the embedded systems using
microcontrollers more and more utilizing in
practice, these mathematical transformations
can be carried out very quickly and, hence,
higher dynamic performance can be achieved.

In this paper, we present an application of a
breakthrough solution in ACIM control that
allows to reduce development time and full
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system implementation. This solution is
named as InstaSpin[7] including
sensorlessinstaSPIN-FOC firmware package
that provides a high performance at
low/medium cost for dynamic applications
[8]. Note that FOC requires precise position
knowledge of rotor magnetic field to create
appropriate stator magnetic field, oriented to
produce maximum torque. This requires
complex software algorithms in the use of the
sensorlessinstaSPIN-FOC. In contrast, the
sensorlessinstaSPIN-FOC provides a lower
cost and no repair or replacement. The
preliminary design of an inverter board and
tests will also be presented in this paper.

THE FIELD ORIENTED CONTROL

The main philosophy behind the FOC is to
obtain a independent control for the torque
producing and magnetizing flux components
similar to that of separately excited direct
current (DC) motor operation. The benefit of
this control technique is that the produced
torque and the flux can be separately tuned
via the stator current components.

ACIM model
In a dg coordinate system that is identical to
the direction of the rotor flux, the

mathematical model of an ACIM can be
expressed as

di, __ artl a gy + @y, + ‘Prd+awm ‘Prq+—a+lvsd
dt T, T, e L, L,
di
9 _ _a)sisd _ a_+l_|_i isq _aﬂ\Prd +L\Ijrq a—+1vsq
dt T, T, L, LT, L, 0

dv,, L,. 1
dt :flsd _f\Prd +(a)s _a)m)\Prq
d¥ L 1
L= —(v,—-0 ¥, ——Y¥
dt -I-r sq ( S m) rd Tr (]
. . T
where X, :(lsd Iy Vi ‘Prq) v Vg =
N l1-o L
y, =iy I,),a=——, 0c=1-—"T
r (r rq) o LS )
time constants, Vg, Vg, Vigs Vigs lggs

T T
(Vs Vr) ! Vs:(vsd Vsq) ' Vr:(vrd

sq ! Ird !

T
Vi)

is total linkage coefficient, T, =% and T, =% is

S S

I,, are voltage and currents of the stator and

rotor, ‘Psd,‘Psq are stator flux components, LS, Lr are stator and rotor inductances, Lm is the
mutual inductance, R ,R. are stator and rotor resistances, @, =, —®,is the mechanical

angular velocity of the rotor, «;is electrical angular velocity of the stator (or grid), o, is
electrical angular velocity of the rotor.

The classical sensorless FOC

The d component of the stator current and the electrical torque can be computed as follows
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Equations (2) and (3) show that i, can be
used as a control quantity for the rotor flux
Y., and if the rotor flux W , can be kept

constant then i can utilized for controlling

the electrical torque T, .

The classical FOC structure of a three-phase
alternative current (AC) drive system is
shown in Fig. 1. The outer loop is formed by
two control loops: one for the angular speed
control and the other for flux control. The
field-weakening can be considered to be an
option that is included to the flux control
loop. The inner loop consists of the two Pl
current controllers, where the control loop of

the current iSO| play the role for controlling the
electrical torque T, and the control loop of
the current i, in turn, is for controlling the
rotor flux ‘¥, (see equations (2) and (3)).
The field angle &, between the rotor flux axis
and the stator-fixed reference axis 6, , the d
component of the rotor flux W ,, and the
rotor angular speed o, are calculated from
the the stator-fixed voltages and currents.
Once @, is estimated, the components U,
u, are transformed from the rotating field

sq
coordinates dg into the stator-fixed

coordinates e/ in order to obtain the stator-
fixed reference voltages Uy, and U, . These

voltage components are used as the inputs of
the well known vector space modulation
block providing the required values for
amplitude and phase of the three-phase
voltage that need to be applied on the motor
terminals [9]. Conversely, the current

componentsig , and i, on the rotating field

coordinates dg can be transformed from the
stator-fixed coordinates af3 (i.e. the currents

Iy, and I, ).

TI'S INSTASPIN SOLUTION

The sensorlessinstaSPIN-FOC that works
with synchronous and asynchronous motors

provides the use of fewer motor parameters,
optional start-up parameter, optional run-time
parameter tracking. The observer requires no
tuning, more accurate, more dynamically
robust, stable at and through zero speed [7]. It
also supports motor parameters identification,
automatic tuning of current loops, run-time
parameter compensation, start-up at and
through zero speed, field weakening, better

start-up under load.
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Fig 1. The classical sensorless FOC block diagram

On the other hand, the sensorlessinstaSPIN-
FOC is also easy to use flexible software
architecture, novice can call full system from
ROM adjusting control gains, experts can
fully customize control system calling only
FAST from ROM.

The core of the sensorlessinstaSPIN-FOC is a
package firmware so-called FAST. The FAST
stands for Flux signal for field weakening,
Angle accuracy over widest range, Speed of
rotor with near zero phase lag, and Torque
signal with high bandwidth and high
accuracy, enabling monitoring and control of
loads and flows. The InstaSpin-FOC is pre-
loaded in the Read Only Memory (ROM) of
the so-called TMS320F28069M
microprocessors from TI as shown in Fig. 2.
As alternative way, the user can also execute
all FOC functions in user memory, except that
the FAST estimator firmware has to be run
from ROM. Employingthe benefits of the
InstaSPIN-FOC the developers can save time
for design and implementation of the ACIMs
control systems.

209



Nguyén Thi Mai Huong va Dtg

Tap chi KHOA HQC & CONG NGHE

139(09): 207 - 211

Torque
mode CTRL_run Vdc _l I_‘
CTRL_setup
ref ref =
n Dy
. + Vo > 5E
Iquser v y SWM >
S » »
Iduser = AC
i i
St sa P
q I 2 _)
Iy e sp 3 °
I
Irated
10} vSa
m
= FAST Estimator 2
LP Flux, Angle, Speed, Torque [V 3
— Motor parameter ID sp | |
11
Vbus
T T
n Rs<—| I— Enable powerWarp
R «— Enable motor identification
% Lsd -~ Enable R_s online recalibration
1 Sq Enable force angle startup
i‘ . rated - Motor type
rated -

Fig 2. The

Fig. 3 The designed inverter board

FOC block diagram in ROM
EXPERIMENTAL RESULTS

The power module FSBS10CH60 is
600V/10A three-phase IGBT inverter with
Integral Gate Drivers and Protection with
low-loss, short-circuit rated Insulated-Gate
Bipolar Transistors (IGBTS), separate open-
emitter pins from low-side IGBTs for three-
phase current sensing, single-grounded power
supply. The control module uses the
TMS320F28069M microprocessor as shown
in Fig. 3. For the safety reason, we use this
designed board for experiments in which the
motor parameter identification procedure is

B P .
tested with a low voltage source. The test
’ | B | ocses [ ccsoetug result is shown in Fig. 4. In order to run this
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Fig. 4 The motor identification test
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FOC technology addresses those concerns by
reducing system complexity for designers of
all levels while improving motor efficiency,
reliability and performance at an affordable
price point — which just got even lower. The
design and manufacture of inverters for low-
price and high-voltage level applications as
well as for AC servo control systems in many
areas is a promising solution in the future.
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PIEU KHIEN TUA THEO TU THONG ROTOR
KHONG SU DUNG CAM BIEN TOC PQ CHO PONG CO
KHONG DONG BQ 3 PHA DUA TREN GIAI PHAP INSTASPIN

Nguyén Thi Mai Hwong ', Nguyén Tién Hung
Truong Pai hoc Ky thudt Cong nghiép - PH Thai Nguyén

Pong co khong ddng bd 3 pha duge st dung rong rii trong cac tmg dung cong nghiép va dan dung
nho cdu tric don gian va kha nang lam vi€c trong thoi gian dai cua ching. Trong nhitng nam vira
qua, phuong phép diéu khién tya theo tir thong noi tiéng duoc ap dung trong cac hé thong truyén
dong dién ba pha cho phep cac ky su co thé tao ra duoc cic san pham cé chit lugng cao trén thi
truong diéu khién chuyen dong. Cac loi ich cua diéu khién tua theo tir thong rotor v6i kha ning
tiéu thu nang lugng thap cung cap hiéu suat cao hon, giam gia thanh van hanh va gia thanh cua cac
phan tur trong hé thong truyen dong. Trong diéu khién tya theo tir thong rotor khong str dung cam
bién toc do, vi tri hoac toc do cua rotor duge udc luong thong qua cic tham sé khac ma khong
ding co cau do toc do co khi. Gan day, hing Texas Instruments da gioi thiéu mot giai phap méi
cho phép céac nha thiét ké nhan dang, diu chinh va diéu khién hoan toan cac dong co khong déng
bo. Giai phap nay la mgt goi phin mém nhing c6 tén 13 InstaSpin c6 kha ning dua ra cac thiét ké
hé théng diéu khién chit lwong voi gia thanh ha cho céc tmg dung dong hoc. Trong bai bao nay
ching t6i trinh bay viéc sir dung giai phap InstaSpin trong thiét k& so b mot bién tan cho diéu
khién téc d6 dong co khong dong bd ba pha. Mot vai két qua thi nghiém don gian ciing dwoc dua

ra trong bai bao nay.

Tir khéa: Hé thong truyén dong dién, dong co khéng dong b, diéu khién twa theo tir théng, khong

cam bién, Insta SPIN-FOC
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