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This paper presents an advanced method for +180°2 Z A ALo] AYE "ol gt §
an initial pole position estimation of a PMLSM H @717 90°9 H4AE 7HA 27ﬂ—4 ARx &S
(Permanent Magnet Linear Synchronous Motor) o] &3le WYL Y FxoM FEo] o= i
that has an incremental encoder for servo Fe olgdlnz £x A 07 87 AL A%
applications but does not have Hall sensors as a ¢ w=g? gg3 Fe A9 YIAPL At
magnetic pole sensor. The proposed algorithm 3 el A HAAYE $HES ol&3d 2V AF
finds either of two zero force positions and then AXE FAsE HELE gAAA 23 FHo] g4
the correct d-axis by appropriately using the Hgo AFe w=d® Dither Commutation
secant method as a numerical method. It only Initialization® 'y & FX 4 U1 o] & ¥ (bisection
requires the tuned current controller and the method)E& °]&3ld AFHRNE FAHsE RHLe=
relative position information and so it can be A A/ AV JAeH 49 HALUEE 173}
simply applicable to a rotary PMSM. The o dxgaglV IJ-E]-Y’—, DE< 7I1F22 #45°9H
experimental results show the validity of the ol ] @Asl= FEe av|st Ao NEE ol &
proposed method with respect to accurate pole e wye AEdolaaRw AAstn o &
position estimation under the minimal moving 3, &4 (secant method)S H e WP T ¥
distance during estimation process. o] TY A7/bHF g olFAZE o] &3y o
2o o]2Ag s} 7HHAQ do] Yt
1.4 8 g, 48340 27 AFHR FEAEHE 5
2392 F3 AE, FL o)A, wE FHA
AR L8Botd ALHE A8 I E7AH Zh Sge] widk A4, AAg 2 F=8e FH,
5719 nAE A -.AEHAL‘: AR} 95 2 = g folA 59 xAS FF3e 7401 483t
FH A gk AEgs FE7E B=A gesith o 2 =M o d a72AE 13T 27|A
g diEe A4 AR RHE nZds dad A F3 Yoz 2HYe 34%°} g 2lolA
(encoder)®t A& AFHX AAQD ZTAA(Hall OJEAYE dAFHAUNZE AT 5 %lE—Eh 3=
Sensor)& AH&%O EAAY UV W 3% £8%& HHE AE L, ol L3 HMEY FHol
o] &3 %7 AZFYRE Aoz +£30° QY Fo] HE HAE FAHse UYHES AL g
9 Uz FH 7%y, o] FAHAEE o]83d 2 A FAEV g dFLS T A
Aol g Al o TAM Az dEHE FE welel ElgAdY fE8A4S Holuxat o

@ AZAAE olgae] Adan? 2y, A3

X AME AHEEA FE ol 7HE, 29, A 2. PMLSM2| X3 9x =4

4 59 dellN fstnE A PyPer AF

X ARE A7) 9T AF7 FYH 1 o‘c}[”‘“’] PMLSM®} 271 A9 FAA} BAsS A
712 AFHAE 2= U2 B AF A% AFA Q@ F¥ BHS BN,
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Fig. 1 Initial pole position in the synchronous reference
frame
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Fig. 2 Thrust force with respect to the electrical angle
for a given initial pole position
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Fig. 3 Flow chart of the initial pole position
estimation
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Table 1 Specifications of a PMLSM

AAFY 176.4[N] Rs 2.5[Q]
AAAF 4.24[A] Ls 1.85[mH]

=5 8 A F 6[kg]
AgE [196LV - s/ml | 3744 30[mm]
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Fig. 4 Estimation waveforms of a PMLSM at no-load
(trace A: estimation error [20°/div], trace

B: moving distance [0.5°/div])
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Fig. 5 Estimation waveforms of a PMLSM at load
(trace A: estimation error [20°/div], trace
B: moving distance [0.5°/div])
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Table 2 Estimation characteristics of a PMLSM at

23 3 £8IA| PMLSMS| FF £4
Table 3 Estimation characteristics of a PMLSM at

no-load
27174% | FAHLA | FAANZD | HudEy
1.8° -3.7° 0.9[s] 0.47°
21.4° -1.0° 0.7[s] 0.49°
36.7° -2.6° 0.8[s] 0.44°
57.6° -1.3° 1.0[s] 0.49°
82.9° -4.2° 0.9[s] 0.38°
102.6° -1.4° 1.0[s] -0.49°
124.5° -2.0° 1.0[s] -0.49°
139.2° -2.7° 1.1[s] -0.55°
158.7° -2.9° 1.6[s] -0.49°
178.1° ~-1.8° 0.6[s] -0.50°
-5.9° -5.9° 0.6[s] 0.50°
-17.9° -3.9° 1.0[s] 0.37°
-41.2° -1.8° 0.9(s] 0.54°
-66.6° -1.9° 1.0[s] 0.47°
-85.0° -0.6° 0.9(s] 0.52°
-104.2° -1.5° 1.3[s] -0.52°
-116.1° -0.8° 1.0[s] -0.56°
-142.9° -0.9° 1.2[s] -0.53°
~164.2° -1.1° 0.9(s] -0.61°
-175.3° -3.7° 1.1{s] -0.49°
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2.4° -3.1° 0.9[s] 0.58°
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