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Comparative analysis of parameter identification for permanent magnet
synchronous motor based on signal injection method
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Abstract: To reveal the effects of different signal types, as well as their frequencies and amplitudes, on the accuracy of parameter
identification and control performance in the signal injection method for permanent magnet synchronous motor, a comparative analysis
through simulation and experimentation was conducted on four signal injection methods: square wave, trapezoidal wave, triangular wave,
and sinusoidal wave. Firstly, according to the characteristics of the injected signals, square and trapezoidal waves are categorized as
locally constant signals, whereas triangular and sinusoidal waves are categorized as globally time-varying signals. Based on the forgetting
factor recursive least square, two categories of parameter identification models for signal injection methods are constructed. Secondly,
simulation analysis is performed to investigate the effects of the frequency and amplitude of the two categories of injected signals on the
identification results of the parameters pending identification. Comprehensively considering the identification accuracy of each parameter
requiring identification, the frequency and amplitude of the injected signals is judiciously chosen. On this basis, comparative analysis of
the parameter identification results is conducted and the control performance of the system is evaluated among the four signal injection
methods. Finally, an experimental platform is set up to validate the parameter identification through experiments. The outcomes
demonstrate that although parameter identification accuracy of locally constant signal injection is higher than that of globally time-varying
signal injection, the former has a greater influence on control performance of the system compared to the latter. Among the tested signal
injection methods, trapezoidal wave injection achieves the highest identification accuracy, while triangular wave injection has the least

effects on the control performance of the system.
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Table 1 Main parameters of PMSM
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Fig.2 Identification result of ¢; under square

wave signal injection of 0. 625 Hz
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Table 3 Parameter identification results under sinusoidal
wave signal injection at different frequencies

ERPIRM, S(R)/ % 8(Ly)/%  8(L,)/% &)/ %
0.625 74.10 10. 41 1. 14 9.57
1.25 28.30 4.98 0.05 3.16
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Table 4 Parameter identification results under square
wave signal injection at different amplitudes
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0.5 41. 04 4.70 1.35 0.12
1 0.74 2.74 1.63 0. 30
2 0.69 0.77 0.55 0.20
3 1.43 1.20 0. 65 0.25
4 1. 11 1.03 0. 06 0.16
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Table 5 Parameter identification results under sinusoidal
wave signal injection at different amplitudes

EZPIRIE/A - S(R)/ % 8(Ly) /% 8(L)/ %  8(h)/%
0. 125 // 38.73 0.13 51.37
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Fig.3  Comparison of the identification results for

parameters requiring identification
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Table 6 The effect of different signal injections on

control performance of the system

HFEAMES Aiy/A Ai,/A AT/ % THD/ %
TEA 0.012 0 0.0159 1.22 3.32
iR 1.997 2 0.073 7 16. 41 27.71
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=k 1.159 1 0.043 0 1.34 16. 44
E5% I 1.417 3 0.051 6 1.27 20. 02

M1 6 IR, T AT IO = Al sl e 52 AR
Y RGP ERE T A — R, 4 R E S A
P RGN Ay Ai, AT K THD 5200 558 2 7 5 > 36
WS IESZW > =MW R R, AT WG T )5, s
BT R R R e R ARLRK S AR, AL ST
AR IR S Y8/ . ZR4 Aiy (Ai, (AT Je THD AT I,
JeyEELRE 55 T AR R Gl PR RE RS AR T 4 Sy It A2 {5
7 D7 B E AN R G R PERE R R B K, = AR BEA

WU
3 KRIEXTEE AT
X ST I e BB = AR IE 3% 4 B 5

TEA R B SBOIERRCR Jext 2R g sl e RE 2w , 45 2 4n
K5 Frs i) PMSM Z B8R R G50 0 -F & A7 S 46 46



512 3

W, ZSEI 6 EE il RTU-BOX204 2 524477 B35
o ELUHLIE DR | DAL s R S
PMSM 25334 pl, Ho , PMSM EESHANE 1 Bk,
16 PMSM S HHHRSL IR 1, PWM %K 10 kHz, R
i, =0 #Ewztrdidl, ERbEREBTTE, 735
FH 5 Hz HORME R 2 A W7 3 BRI Ik = AR I S QB 5%
PAF S AR EM WS EE, [ R TS8R 2,

KI5 PMSM B¥OHHN AL LT 4
Fig. 5 Experimental platform for parameter

identification system of PMSM

e [ ) T T
T

fEEHEANL /(100 ms/div)

. FHEHF R —
' R (1 Q/div)

L, (10 mH/div)

: LI(IO mﬁiv)

—

; (0.1 Wh/div)

1(100ms/div) L1

(a) T PAEFHEAN

(a) Square wave signal injection

BNANANA
[N

i, (2A/div) |_ E
EFEN

FRUA R L—1+(100 ms/div)
i
R (1 v/div)
2 .
L,(10 mH/div)
2 1 £, (10 mH/div)

7, (0.1 Whb/div)

(100 ms/div) L

(b) BETEBAE FHEN

(b) Trapezoid wave signal injection

B TAR S AL MR R A LSRR H Ay - 109 -
i,(2 Avdiv) [ /\
fESHEAN : L—11(100 ms/div)
. TFEEHER Pl
j R (19Q/div)
sy ! A /
| L, (10 mH/div)
................................... f‘f/
: . L, (10 mH/div)
e
W (0_1 Wb/div)
£(100 ms/div) {1

() ZMBPUSTHEA

(c) Triangular wave signal injection

Levaw) [ f\ ANVANA
VARVARV/

fEBEN — I(IOO ms/div)

. AR

i i R (1Q/div)

e

L, (10 mH/div)

1(100 ms/div) I_l

(d) IEZRBEAETHEN

(d) Sinusoidal wave signal injection
Ko i, xZHHHRENIE

Fig. 6 Waveform of i, and parameter identification values
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Table 7 Parameter identification results under

four kinds of signal injections

BHRZE R 7k BRU Sk IR
R./Q 0.717 0.689  0.657  0.654
3(R)/%  2.428 1.571  6.143  6.571
L, /Wh 7.293 7.173  7.095  7.171
S(L)/%  1.292 0.375  1.458  0.403
L, /mH 7.998 8.011  7.689  7.981
8(L)/%  1.259 1.099  5.074  1.469
g /mH  0.1238 0.1223 0.1238 0.1235
3(¢)/%  0.651 0.569  0.651  0.407

KA HHE S EAJE X R g R i s2 AR
W Ai, Ai, AT e THD 4155 8 s, i3 8 m15 4 Fh
fE A X RGP RE P A — & W, Ai, A
AT Jz THD % 4 Fh{e 5 A R0 (4 B2 B8 247396 12 O Ik >
> TESZ I > = MR, R E & (55 A X &R
S g il 1 BR A ) 34 KT 4 SR B AR A S A b
ARSI, = AU ARSI/,

# 8 AEMESENI RGN
Table 8 The effect of different signal injections on

control performance of the system

EAES Ai,/A Ai /A AT/ % THD/ %
JeEA 0.079 5 0.404 2 9.94 3.64
7k 2.008 1 0.898 1 62.13 61.85
BT 1.824 3 0.829 7 57.81 54.15
=ik 1.156 2 0.5517 44.36 38.42
%% 1.410 7 0.639 6 48.77 44.12
4 & i
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{H 8 i (7 EAN LIRS LA BT 4 B S 5 1 AR S HO
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