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Abstract - This paper presents the self-commissioning for

surface-mounted permanent magnet synchronous motor. The

proposed strategy executes three tests with a standard in-
verter drive system. To do this, synchronous d-g axes cur-
rents are appropriately controlled for each test. From the
three tests, armature resistance, armature inductance, e-
quivalent iron loss resistance, and emf coefficient are identi-
fied automatically. The validity of the proposed strategy is
confirmed by experimental results.

I. INTRODUCTION

Recently, sensorless control, high efficiency control, flux
weakening control, and iron loss compensation control

for inverter fed vector controlled surface-permanent mag-
net synchronous motor (SPMSM) drive have widely been

developed. These control methods strongly depend on

the electrical parameters. Then, these parameters should

be identified in advance. However, it spends much time
and energy trying to identify parameters by manual op-
erations. An inverter with self-commissioning solves the
problems. For this reason, self-commissioning strategies
have been attracted attention [1](2].

This paper proposes a self-commissioning for SPMSM.
The proposed self-commissioning consists of three tests,
i.e., dc test, single-phase ac test, and synchronous drive
test. To automatically realize these test with using ordi-
nary inverter system, synchronous d-g axes currents are
appropriately controlled for each test. Since the pro-
posed method identifies all the electrical parameters in
standstill except for the emf constant, the implementa-
tion is simple. Furthermores the iron loss resistance can
also be identified. Then, the proposed method is suit-
able for the vector control strategies considering iron
loss. The automatic identification results are exper-
imentally compared with the measurement results by
manual operations.

I. FORMULATION OF SPMSM TAKING IRON Loss
INTO ACCOUNT

In the synchronous reference frame (d-g axes), the volt-
age equation for SPMSM is expressed as

I

Vd Rig+p¥Yg —w, ¥y

(1)

vy = Rig+p¥y +wrly

where vgq, 14q, and ¥g, are the d-g axes stator voltages,
currents, and flux linkages, respectively, R, wr, and p
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Fig. 1. d-q axes equivalent circuit for SPMSM.

are the armature resistance, rotor speed, and differen-
tial operator, respectively. The stator flux linkages are
expressed as

Uy =
v, =

Lidm + Ke
} (2)

Ligm

where L and K. are the armature inductance and emf
constant, respectively. The d-g axes equivalent circuit
for SPMSM is shown in Fig. 1.

M. SELF-COMMISSIONING STRATEGY

The automatic identifications of electrical parameters
of SPMSM are implemented from a series of individual
test. These tests contain the dc test, single-phase ac
test, and synchronous drive test.

A. DC Test

The the dc test topology is shown in Fig. 2. When
a dc voltage is applied, the SPMSM stop at the rotor
speed 8, = 0 (w,=0). In this case, the relationship
between the applied dc current/voltage and the phase
current/voltage becomes as follows:

1

io =Ipc, Ww=1ic.=-7Ipc
2
5 ) (3)
Ug = §VDC7 Up = Ve = —§VDC
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Fig. 2. DC test topology.
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Fig. 3. d-q axes equivalent circuit under dc test.

(b) g-axis

Transforming the the three-phase quantities into the
synchronous d-g quantities with using the transforma-
tion matrix:

2| cosf. cos(f, — 2n) cos(B, + Zn
3 | —sind, — sin{8, — gm) —sin(6, + £m)

we obtain the d-g axes current and voltage as

. 3

ig = \/;IDC,
2

Vg = \/;VDC, Vg = 0

Accordingly, the d-g axes equivalent circuit is recon-
structed as shown in Fig. 3. It follows from Fig. 3(a)
that the d-axis impedance ZPC is equal to the arma-
ture resistance R. Since ZPC = V,/I;, the armature
resistance is identified as

2Vpe
R=--=
3 Ipc

(5)

(6)

B. Single-Phase AC Test

The single-phase ac test topology is shown in Fig. 4.
When a single-phase ac voltage is applied, the SPMSM

i4c

I

Fig. 4. Single-phase ac test topology.
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(b) g-axis
Fig. 5. d-q axes equivalent circuit under single-phase ac test.

stops at 8. = 0 (w, = 0). In this case, the relation-
ship between the applied ac current/voltage and phase
current/voltage becomes as follows:

. . . . 1,
la = TAC, 'Lbzzc‘:—izAC

7
v '—Q'U Vp = Vp = l'U ()
a—3A07 b= Ue = 3AC

Transforming the three-phase quantities into the syn-
chronous d-g quantities with using (4), we obtain the
d-g axes current and voltage as

: 3. .

Zd=\/;’LAc, Zq=0
2

’Udz\/;UAC, v, =0

Accordingly, the d-g axes equivalent circuit is recon-
structed as shown in Fig. 5. Then, the d-axis impedance
is derived as

(8)

Riwel)? | . Rlw.l o)
RZ+ (wel)? " RTF (wel)?

where w, is the applied voltage angular frequency. The
following relation [3]:

wel 2 <1
R;

Z{° =R+

(10)
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simplifies the impedance as

. L)?
ZAC R+ %)—- + jweL. (11)

Since Z'ffc = Vy/Iy, the relationship between the ap-
plied voltage and line current is derived as

) 3.,
Vac = izfcf,qc- (12)
Then, the apparent power is expressed as
i 3 272 3
Sac==|R+ we L I%C +j—weLI/24C (13)
2 R; 2

where the first and second terms in the right-hand side
corresponds to the active power P4¢ and reactive power
Qac, respectively. Based on the the second term in
(13), the armature inductance is identified as

_ 2 Qac
L= 3welds

(14)

Similarly, the iron loss resistance is identified from the
first term in (13) as

(15)

C. Synchronous Drive Test

The synchronous drive test topology is shown in Fig. 6.
The geometry is normal for the three phase ac machines.
When a three phase voltage is applied, the SPMSM
synchronously rotates with applied angular frequency
(wr = we). In steady state condition, the d-q axes e-
quivalent circuit is reconstructed as shown in Fig. 7.
Then, (2) is rearranged as

wel

Vy=Lig+ K.+ —Liq

R 16
wol (16)
‘I/q = L’Lq - T(le + Ke)

In steady state condition (p = 0), substituting {16) into
(1) gives the voltage equation expressed in the form:

!weL!2 _ . wel
o e[ ¥ o
Vq

wel R4
Since the impedance matrix in the first term is constant
as long as the applied angular frequency is constant,
the terminal voltage is proportion to the line current.
Especially, when the line current is zero (ig = i3=0),
the terminal voltage is equal to the electromotive force

as
wel
Vg 1

(18)

Fig. 6. Synchronous drive test topology.
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Fig. 7. d-q axes equivalent circuit under synchronous drive test.

Accordingly, the emf constant K, is identified as

V.
K, = 2AC (19)
We
where Vac(= (/v3 +v2) is the RMS of the terminal
voltage. It takes notice that (10) is applied to the

derivation of (19).
D. Current Control

In order to implement the self-commissioning strategy
with inverter drive system, the phase current should be
appropriately commutated according to the each test.
To do this, the synchronous d-q axes current controller
shown in Fig. 8 is constructed in this paper. For in-
stance, the d-q axes current commands (i, ;) are set
to (5), the dc test is realized.
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Fig. 8. Current control system.
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E. Computation of Current, Voltage, and Power

In general, current sensors are installed in the inverter.
Then, the instantaneous current information is easily
available from the current sensor. However, the pur-
chase of the instantaneous voltage information is diffi-
cult because the inverter output voltage is pulse wave
form. For this reason, the voltage command of the in-
verter is substituted for the instantaneous voltage in-
formation. The dc current Ipc, dc voltage Vpe, RMS
of ac current I4¢, RMS of ac voltage V¢, active pow-
er Pyc, and reactive power Q¢ are computed with
using the instantaneous current and voltage command
informations as follows:

L&

Ipc = Y inc(k) (20)
k=1
LN

Vbe = N ’;U;)C(k) (21)

Isc = (22)

Vac-= (23)
L&

Pic =+ > iac(k)hc (k) (24)
k=1

Qac = \/(VAC xIsc)? - Pic (25)

where ipc(k), iac(k) are the detected currents at in-
stant k, vh(k), vio(k) are the voltage commands at
instant k, and N is the number of data during a period.

F. Influence of Switching Device Nonlinearity

The difference between the voltage command and actu-
al voltage is essentially inevitable because the switching
device of inverter has nonlinear characteristics due to
the dead time and voltage drop. To compensate the in-
fluence of the voltage error on the computation of (21),
(23), and (24), the voltage errors have been measured
in advance. Figs. 9 to 12 show the differences between
the voltage command and actual voltage detected with
the digital power meter (DPM) for each test and the
difference between the calculated active power and the
actual one with DPM. These characteristics are utilized
in the correction of the voltage command.

IV. IDENTIFICATION RESULTS

To realize the dc test, single-phase ac test, and syn-
chronous drive test, the current control system in Fig. 8
is incorporated into the ordinary inverter drive system.
Table 1 shows the specification of the tested SPMSM.
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Fig. 9. Voltage error for dc test.
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Fig. 10. Voltage error for single-phase ac test.
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Fig. 11. Power error for single-phase ac test.

= 25

[S]

N

E 4

8

5

=

(%]

[

&0

S

©

>

Input

curren 3

luc [A] Drive
frequencyf (Hz]

Fig. 12. Voltage error for synchronous test.

A. DC Test

Fig. 13 shows the current control result for dc test. It
can be confirmed from this figure that the line current
is dc quantity. The identification result of the armature
resistance R with using (6) is shown in Table 2. It
almost agrees with the measured one with DPM.

B. Single-Phase AC Test

Fig. 14 shows the current control result for the single-
phase ac test. It can be confirmed that the line current
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Table 1. Specifications of tested SPMSM.

rated power 30w

rated current 30A

rated speed 1500 rpm (507 rad/s)
rated torque 0.19 N-m

number of pole pairs 8

Table 2. Self-commissioning results.

Parameter sC DPM | Error
R 7.86 | 7.66 | 2.6%
LH) 0.024 | 0.022 | 8.0%
R: [ 180 | 172 | 4.4%
Ke [V-s/rad] | 0.049 | 0.047 | 4.3%

wave form is sinusoidal. The identification results of
the armature inductance L with using (14) and the iron
loss resistance R; with using (15) for various applied
frequency are shown in Figs. 15 and 16, respectively.

It follows from Fig. 15 that the armature inductance
identified by the proposed self-commissioning strategy
agrees well with the measured one with DPM. The ob-
tained armature inductance increases with decreasing
driving frequency because the ratio of the harmonic
RMS increases in low frequency. The numerical results
at 150Hz are listed in Table 2.

0 20 40 60 80 100
Time ¢ [ms]

Fig. 13. Control result of dc current.
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Fig. 14. Control result of single-phase ac current.
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Fig. 15. Armature inductance.
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Fig. 16. Iron loss resistance.
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Fig. 17. Terminal voltage vs. line current under constant speed.

It follows from Fig. 16 that the iron loss resistance iden-
tified by the proposed strategy almost agrees with the
measure one with DPM. However, the tested SPMSM
is a small machine, that is, the iron loss is comparative-
ly small. Then, either the identified and measured iron
loss resistances are scattering. The numerical results at
60Hz are listed in Table 2.

C. Synchronous drive test

Fig. 17 shows the terminal voltage versus line curren-
t for the synchronous drive test at w, = 300w rad/s
(f =150Hz). Since the characteristic is linear, the ter-
minal voltage when the line current is zero, i.e., elec-
tromotive force is casily estimated. The identification
result of the emf constant K, with using (19) is listed
in Table 2. The identified emf constant agrees well with
the measured one by the no-load generating test.

V. CONCLUSIONS

This paper proposes the self-commissioning for SPMSM.
The dc test, single-phase ac test, and synchronous drive
test are executed based on the synchronous d-g axis
current controller incorporated in the ordinary inverter
drive system. The automatic identification parameters
almost agree with the measurement one by the manual
operations.
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