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Speed Control System of PM Motor Using a Speed Estimation Based on Output Power Estimate
Hiroki Katsumata™*and Seiji Kondo (Nagaoka University of Technology)

This paper proposes a speed control system of PM motor using a speed estimation based on output power estimate. The method
calculates revolution speed using dividing output power by torque estimate. The torque is estimated by cross product of stator flux
vector and current vector, and output power is derived subtracting copper loss and magnetic energy variation of inductance from input
power. By doing this, the revolution speed can be estimated with high accuracy even in transient state that d-axis and g-axis current is
nonconstant. This method was applied to speed control system with low resolution encoder, and then the validity was confirmed by
simulation and experimental results.

F—J—F:PME—F, HHEN, WIIRE, HEEHTE, KofET 2 —F

(PM motor, output power, transient state, speed estimation, low resolution encoder)

. g Lo TAEEARERER, pSEhiiar Fu—FNTHWSHEE
1. [FLHIC dq@%%f&é
KA R EEE PME—%) 3/ CERRRER) ZIT, o, BRMAEE, o, @ EREHEELEE,
e L CHEERTESAVDBN TS, PME—XD hLY 6, : FETEKNE, 6, : G T ERIHENE,
% B PERB I HIE 3 5 72 DX AR T RERR AL B 125 U C i gl Ab,, : PLEHEERZE
WCERERILERNHY, O EBEREGDZ0D (2:2) HAHBH#ERE
LY AR a—F Vo -fiB R RGNS, PM E—F ~DANENIQXNTERDIND,
Lo, TETIIE A=Ak, &ML, FiEvEm L2
EDERPEE Y, T E- THRA 20 & 3 L X BR
EEDNFIE - BN TV D, u% - EEEHEET D FIE ZZT, Pn: AJIES), Pr:#E, Pow: HIES, P,
1%, REEED) R EORBRRIEIZS U T LT D RER L A UE T B RADRER T A — DR &
AW FiEE, GEKEE, BRICE TN D EEEAEF
ﬁ%%wéiﬁpk%én,%ﬂ%ﬂﬁ%<@ﬁ%ﬁ%ﬁ Y} o
B ST 00, ) d\
EH DI, BIRIET b BRI BUCHEE T B S q P
HIZEB L, ZDMED 5 PM & —Z ORGSR E A HEET 5 F
EEPZELTVWED, KT, ZOFEEZERMATLI20° A o,
SFRED Ty a—FEFTLHHIE AT ACH#EA L, HE
L 7= B & R RE = L o — A B D B S
EHABDED Z LI L > TAFIEOFMNEZHR LD
THET D,

2. (B - EEHEE

(2:1) BEEROEE
B 1 \CARE TH S SR O E 5% ﬁ“T d-q fifi A
F DRERBAL & J7 1) % Fe e & U - 8RB R, o B il E[E &1

Pin:PR"'Put"‘P ........................... (1)

M1 BEFEROESR
Fig.1. Definition of coordinates.

176



(XD Py, Pr, Pow , P, IEZENENLLTFDO L HITE

b&ahb,
P = Vap Topeieience. @)
Pe = Ral TupTip ) ommmornn @®)
Post = €up g o, (4)
Y = ;@( i op g )j .................... (5)
EELERERIIETapHER ETRDLTEY, ThTh

Vop : FUMBESRY bV, Ipp : BT PV
Ra : M THEHL, € HEREN~RZ P
Vi op @ TERST B AMEDBERAY B L

¥77, €, Viiap #TNEN d-qBE L TERDT L

~ ed -, L
%q:{}:{ Lo } ................... (6)
€q Orely + O

- Vi | _ Lalg
Vi dg = |:‘//iq:| = |:|—qiq:| ............................ (7)

—J, P, 1P ZAHVWTKAD LI ICHEED,

- d -
P'// = Wi_aﬂ.alaﬂ-’_POUt ........................ (8)
@RZLRARATHZLITLD, Py BT 2 %REE
HINTE D,
1 d-
Pout = E ( Pn — P — (V/I apB” dt aﬂ) J """"" ©)

[ E T8RN 7 b v, FUNEED S BT T
DBIEE TR ESIWEEESTH2ZETHLIZENTE
%o 127201, PM &—& OBEITKARA OREH % WIHIE &
LCEE LTS 720,

l/70_aﬂ = J.(\_iaﬂ - Raraﬁ)dt + '/7m_aﬂ [ t=0 wererennennnns (10)

ZIT, Vn_ap| =0 13E LRI B PM B — & O[EEF
PSR P TH Y, K& SITRARA OBHRME yr |
SO IElE T O MR 8 Td B,

QO)TH LN DAY FiE, d-qEEE ETRbT &

~ ¥od Lyig +¥m
v = Sl N 11
°-4 {%J { Lqiq } -

L%, K212, d-qEEETERN LSS ORBROR Y
MURZETRT, 20 Vo ap VD E, QFRITED L S
WIZRTENTEX D,

Lyi, Yin

B2 ABR~T MOBMER
Fig.2. Relationship of each flux vector.
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Fig.3. Speed control block diagram.
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Fig.4. Block diagram of torque and output power estimation.
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Fig.5. Information available from low resolution encoder.
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Table 1. Motor parameters

Rated power 100 [W] Poles 4
Rated speed | 1500 [r/min] Stator resistance 14.8 [Q]
Rated torque | 0.524 [Nm] d-axis inductance 0.245 [H]
Rated voltage 200 [V] g-axis inductance 0.485 [H]
Rated current 0.7 [A] Field flux linkage | 0.306 [Wb]
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Fig.9. Speed control result ( only low resolution encoder ).

T a—FfFR7 FVEIEE LT DIRIET, IREEIC
FoT o DHEE DB EFT o7z, K 1112, HAFPREEICE
W, BEFEAE A 0 [rimin] — 200 [r/min] & 25 v RIC
Bz 12 & & OEBRAERERT, GREE Om &Kk
Ya—Z LY FHEND Omae ZHEBET DL, dmae THE
O & DFEFENRFLR T 175 [r/min] & 2 DI L, Om 135K
FAZEM 60 [r/min] FREICERTE TR Y, KAFEOFDHEN
RTED, F72, Ome @D E, MEHIT Py, Trg K
VWO AREE & D LR EHERRESELN TS
ZERDNBH, LIPL—FT, BIERE TS om ex DIENE
HELERELBRRS>TLESTVD, ZHIE, BROHE
RENEH TERWVEIEICREVWIERFEETH S, K 12
2, 11 & RIS T L 2 E E AR R O HE e R A
R, M12005, RAICHEL TS TS H00, i)
ERICARIIEET DT T ORVKEAR DC A7y b2
ELTWDZ ENbMND, HPF 1T, BEEEIZHE-> TANE
FIHFET D DC iy RS T D720, B v M A7 A
DSV EZDOREICRMEZET 5, 1T, B DC AL
DEBRETDETIE P, Trg DIELLHEETET, HERM
WCHEHEERER LI L T LE-TEEZ BN D,

5. &bHYIC

AFWILTH, HAENICHEE L mRE O E L2 R
L, ZTOEMEICHONTY I ab— a3 L FEEERNDS
BEt L7z, RPBTEERECH RFICEEL#HETE S
L, EF, BRECI> TEERBEEZIToZEBE, K
fifeT 2 2 — X DRI K DR & 0 bR A A )
FTrztEayIal—yvailloTRLE, EHER

5.6



s e

@ m [r/min]

-100 O 0.1 0.2 0.3 0.4 0.5

[r/min]

A
@rm

-100 1] 0.1 0,2 0.3 04 3

@ rm_ave [r/min]

02 03 04 | 05

@ rm_est [r/mi n]

AN
@Drm~ @rm

@rm ~ @rm_ave

-40 0 L 0.2 0.3 04 0.5

time [sec]
K11 @ OHEERER (FEBFER)
Fig.11. Estimation result of am_est ( experimental result ).

woa_HPF [Wb]

Pob_rer [Wh]

04 0o 02— 03— 0015

time [sec]
12 [ S AR D HEE R
Fig.12. Estimation result of stator flux linkage.

WCTAFRIC L 2 BEHE LT - 7203, BRI N T
BERHEE RN B TERWEERE L, HffE Y oHeE
FRDGO N> T, BOROHEREZA ESEL L
T, HEMEHEELZRSCWHETELLEILND,

X [

(1) T. Takeshita, M. Ichikawa, J. Lee, and N. Matsui

(2)

(4)

(5)

(6)

. “Back EMF
Estimation-Based Sensorless Salient-Pole Brushless DC Motor Drives”,
IEE Japan Trans., Vol.117-D, No.1, pp.98-104 (1997)

PITENS - dIl - 2= AR - R HEAT - DEERE HEEIC LS
UYL RAEmET T LA DC E— & fil#l), B D, 117, No.1,
pp.98-104 (1997)

S. Morimoto, K. Kawamoto and Y. Takeda : “Position and Speed
Sensorless Control for IPMSM Based on Estimation of Position Error”,
IEE Japan Trans., Vol.122-D, No.7, pp.722-729 (2002)

BRATEHE - PIATEY) - HEER - [HEEMEBREGRE R L
IPMSM OALfE « B 4 L 2 6], E5%#H D, 122, No.7,
pp.722-729 (2002)

N. Kasa and H. Watanabe : “Position and Speed Sensorless Control
Method for Salient-Pole Brushless DC Motor with Estimated Values
Correction”, IEE Japan Trans., Vol.117-D, No.12, pp.1488-1494 (1997)
AR - IEOME - THEE A ERRE & FF D28l 7 7 & L 2 DC
=X ONE - HEE P LA, B D, 117, No.l2,
pp.1488-1494 (1997)

J. Oyama, T. Higuti , T. Abe , K. Ogawa , M. Mamo : “Position Sensorless
Control of IPM Motor using PWM inverter Carrier Frequency
Component”, IEE Japan Trans., Vol.122-D, No.5, pp.509-515 (2002)

AN Al BE O R - BTE S - /N1 - Mengesha Mamo : TPWM
AN =Z DXy Y T EEERS ERNTZIPME—X O L2
HI4H), E¥5m D, 122, No.5, pp.509-515 (2002)

S. Ogasawara, H. Kurokawa and H. Akagi : “A Position-Sensorless IPM
Motor Drive System Using Detection of Circuit Variations”, IEE Japan
Trans., Vol.123-D, No.6, pp.667-674 (2003)

ANEJRRE ]« BIEZ - RARZRSC : D LWEDR Y 7 v R % i
FALTALEE Y LR IPM E— X BEBY > 27 ), E5¥H D, 123,
No.6, pp.667-674 (2003)

H. Katsumata and S. Kondo : “A Study on Estimation Method of
Mechanical Output Power of PM Motor”, Japan Industry Appl. Soc. Conf.,
No.5 pp.109-110 (2008)

P SPERST « STRRIESR © [PM & — & OB ) OHEE I B 5 it ),
20 BRUFRPEZIS IR Z:, No.5 pp.109-110 (2008)

6.6



