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Sensorless Transition Algorithm of PM Synchronous Motor
by Load Torque Estimation

Dong-Hyun Kim!, Kwan-Yuhl ChoT, and Hag-Wone Kim!

Abstract

Permanent magnet synchronous motors are mainly used in the traction of electric vehicle and home

application products including air-conditioners and refrigerators. For sensorless control without rotor position

sensors, I-F control is applied for initial starting at low speeds, and mode is changed to sensorless control
when the rotor speed is sufficiently accelerated for estimating rotor position. When the mode is changed to the
sensorless control from the open-loop starting, the initial integral value of the speed controller should be

considered by load condition; otherwise, the transition to sensorless control may fail. The sensorless transfer
algorithm of PM synchronous motor based on load condition for smooth transition is proposed. The performance
of the proposed sensorless transfer algorithm was verified by experiments.
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Fig. 1. Start-up algorithm.

Fig. 2. Real & estimated dq axis.
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Fig. 4. Phase lock loop speed and position estimator.
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Fig. 5. Block diagram of sensorless transfer algorithm.

(b) Heavy load condition

(a) Light load condition
Fig. 6. Current vector and load angle (open loop control).
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(b) Closed loop control

(a) Open loop control

Fig. 7. Current vector and load angle.

ave e ¢ 4 A Aedow A4 sdxe A
% 93, % dFS IF Ao 914 1

g AR ga Tezud 94

A% & 5 vk FaAe X W 3

o] 91X %ol ol2i Zlow Aol

47108 #4712 Fa A 9t 4T

oleha 1Sk Felzhe 4 ()9} o

AA AR A2 W dgF A
Rajztoz e 4 Q) 2o| e

—{> u

iy open = 19COSO—1,Sind
R R )
Ty open =i;sin5+i;cos(5
9 AL B HEHoR A PN S5 Ao]7)
o] ARgrel BT EAx 2 (1009 2ol 78 4 9
tt.
~ 3P ‘ ‘
T= (wflq open +(Ld_Lq)Zd,opean,npen) (10)

[-F Alojell A AAe]2s Alojz g /\] AAE 2~ A
o] mrol 27| AFWEHE A (100
e EA AR U S 4 1E1_cq EME!
MTPA(Maximum torque per ampere) %< 9% %1
A7+(1Lead angle) ©ZHE] dg A5 HHLS Axtsie] Al
Aelz AlojE et Aok I-F Alojel Azl A
o] Al ztzte] AA| dgF AFE a8 73 o] thEA
Uehdt) I-F Alo] 774 dgF AREs 2% ko] #e
MR So dYds A2 Yeha ReEawt
q 2 vladg B3 2 dhAEol slng 8o vmy
ge 4 5 vk v HFE AA s Ao Al &

g Ko RA dYds B 4o @

2

27 sl A ARuE] 278 A & F e
How $HBE o Atk welA [F 4]
A AREz Aoz A8 Al aF AR Fel FelA

A st koA

o o 2 [d go 1o Mo
i A
m:

(b) Control board
Fig. 8. Experimental setup.

TABLE I
IPMSM PARAMETERS
Parameter Symbol Value Unit
Phase resistance R, 0.2 n
d-axis inductance L, 3.37 mH
g-axis inductance L, 581 mH
Number of poles P 6
EMF constant ¥y 0.157 Wh
Rated speed Wyt 3,780 rpm
Rated torque T 94 Nm
Switching frequency Sowm 5 kHz
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Fig. 9. Current command and feedback current.

a9 9% Falt AAFESEY] 20%, 50%, 80% o
LF Aol 313} 42l A 009 A 9
3 vEu ARE dehdth o714 i doF AR
4g el i, & AF A7 "Aemge as
2 et Fe dRe A Agew AZE 44
72 904 942 FE AR, IF Ao] T34
I L PR

4 AA7F ARgAT A = B
MMz Asko] 7h538l7] 8] AAAF 20AE AA
SAth I-F Ao F7kolA el diF wWHS Ql7tst
A ERE ARAHR ZUIA I S5 ol AdA] Al
Al A2 dskEc) gew df{e AR A7)l
b FE omlsh I—F Ao TR E AE
WOETH AZE 3¢ ARFE A HHoR HAx
T &
FAE A
g AFE AHEIT IF

I — F control Sensorless control

“
|
|
I
\

84/div,100ms /div }

|

(c) 80% load

Fig. 10. Current command and estimated current.

Aol P A FE qF7F AF BES vhde Ka)
FeA & e dSS 1T ek

AME]z HE o]F M)z Ao FRA= Fat
o A7|I7F Aol W} d5 AF WHe oo WPz
AANA =i, ¢F AF WS o] wgoz AXA
=3 Aﬂﬁﬂ* Aol AHeA F4 HA A= HEd
dg AF= MTPA &4& 9% AF7 BHES & FF3)
B2 MTPA A7} & s3H+= As 8493 + Ao

a9 10 Hsbrb BARERe 20%, 50%, 80%Y

IR Aol 2k A4 2
R ICE

Aol FrelMe A5 W
tel 34 aARE e

dg% A= Fobe] A7 AdSsE i Rl Hot
Zbak2 )¢ 5o gxaom] HEZ -F Ao FihelA
FAH dq



miN

354 ATANENAEI S PREE B ANz AR Qe

msnmmcnuw‘
By |

WTII.EDYNELECR
Align I — F control Sensorless control o

: J
| (|
| | |
\ | . |
r ‘ : L |
i , 1 " | I Wrpm Wrpm ‘
i ~el | ‘
; e mag re } i 400rpm/div, 1s/div |
| 7 T S e e et e e i e ol el e | |
' |

Wl | ‘

5 : 8 v v Tre-

|
8A/div, 1s/div |

|

.‘
|
|
|
|

8Nm/div,50ms /div |

J

I
i
i
: I — F control Sensorless control
]
i
1

(a) 20% load

(a) 20% load

f | | i wmﬁnmi LECADY,
| %TELEIJVNELEERW‘ ; Align I — F control i Sensorless control Ewn;mml
| |
| |
| |
| o Tnag Tra | |
1 L I I} LA W W A | ‘ i
i ™Y f UWWWW‘-&WWW“M
il !
I § 7 Lass as 1 |
I — F control Sensorless control :
i
I

84/div, 1s/div }

|
|
J
|
|
|
8Nm/div,50ms /div }

(b) 50% load (b) 50% load
% |oa

i %m{mmc
. Align I — F control I Sensorless control

]
|
g
| | By
|
‘ \ /’
|

\
400rpm/div, 1s/div

T. Tmag Trer |

o \
Vitsipebnledtnibunpttbedrpshed b dnte

|
- e . B e Y

|
|
|
|
|
[
|
[
|
|

|

|

5

I — F control Sensorless control J‘
|
|

8Nm/div,50ms /div
J

(c) 80% load

Fig. 11. Estimated torque.

Oy 112 AF P A B a A Fsk 2ol sldar Sl AuEZE wAeA €
ity HE A3fom 741%% A AR A g2 th A4 B3 20% FstelA= A3 Al F 9Olrpm]e]

E3) nlade B39 g aga A T &k AUFE, 50% F-atellAde oF 3R0pm]e] £%= A
E3E dokst R 17t 2R34T [-F Aol ¢ URE, 80% F-soll A o 660[rpm]-4 &L AUFE
Zrell A oY EAE A veda 7 e s ER1E Aok A o} ?7%1]*1
Yy EaE $9 go® yeidu Rate] Ay F9 &£k AUFEZE ASH Ho] AlME Aol
AZDFE vadE B3yt AL s EaE o A8 A &gl B Mg A A g8
of Wgo g AXNE AL e & gk FAHY EA o] EobAAl €k [-F AojolA AlAex wE Aoj®
T AF e BAE AAEs Ao Frte EAg AE Al ReE s 42 AF & AddwE

zpe)

vmetele W thke voh FoeA 4ds wawEn 2 Bz gAel A#S e SE A
g2 A+ ok ) WES 212 sk GAT, SE A1E 7}

oY 128 Yeke) 2Uh melEA g vl A % wkaEel AAstel mad 2e gjEg sl 3
2 A% duelFel £E s A4 ¥ an o 2R SE Ael] gelE o) A Aol 471/
B ARE UEIT, S 93 A4 SEE B A E@ 293 Edo) BAF 5t 84 Rop 4% 2
A2l Al A A S5 e o AT F 5l 9 FaAea ol ol sl & Bt ek ol 2
2o U7E BA A9 I AU 4 A9 X F 299 FATE 94 AAdena S Acho
StEA7} 74?4 AT Gl A AA g AR g Al EH Fo] vlopd Ae 2 Fsprt 244 Az A
& Ao]7]e] ARl RV nEEA dormw 3 oA g2 ThsAlo] AAAA %‘jr.



The Transactions of the Korean Institute of Power Electronics, Vol. 26, No. 5, October 2021 355

P]EI.EDYME LECROY

. Align I — F control Sensorless cuntra[q

|

o< |

|

|

| . [
Wrpm  @rpm |

| [
et 400rpm /div, 1s/div }

- |

|

|

|
84/div, 1s/div J‘

(a) 20% load

I — F control

. wnunwe (ECROY
Align Sensorless control \J

Wy, pn Wrpm

400rpm/div, 1s/div

L .

|
8A/div, 1s/div }

r

(b) 50% load

r
i . wnunmmwn !
i Align I — F control Sensorless control Evymmoyou ‘
; |
| ‘ |
| Wrpn Wrpm / |
1 ‘
| ‘ WMM““ : 400rpm/div, 1s/div }
[ (A
|
|

84/div, 1s/div }

(c) 80% load

Fig. 13. Speed reference and real speed (proposed method).

277 2y E AotsteE AAE
Bl S WA A SE 22D ot W
A

2 3 452 AUHoR
SR SR BEe W0fpmltA F7HAIR R
so0lrpmlol A WAzl Aol Aasels 47 e

20% H-sfoll A= A
oF 30[rpm]9] &=
A= oF S0lrpmle] &% AUFEZL LAE}

E e
&kl 71 bl nlg HE A £ ower
AUHFET} A 5SS & & vk O E B
1 A4S A ey e oo &

Aoy71e] HE7)d] BAEHE BRAEAY]

S7Veke FRElA MM E s AlolZ g

st B FAAA Y A e ok A 7

JEM A FeE FReA SE SHFES AgE Al
% 800[rpm]<] 6% olWl= YEfta mjilk

ol— /\ h;}

_&
f o
g
ox KT oL T

4. 8 B

2R AE vy 97 5711579 1T A
ool A AlMEs Aoz Ak Al v Hah 2ol A
WA A@s] $iste] vy Eas gy
£ *é%d—e B iﬂo}% EAfS FAste] = A
o7 Ayrle] wapake el dia Askaich W
HIFXMM+ﬂOﬂlﬂa7WPHHﬂ*xwiE”
& HEsH 28 Aol el A F=A7 3
Ab 91219F A F 2 5E TOV & FAskL Be gk A
o BEa AVE £E A7) zvlgter wAsrArh
IF Aol 70k AAe 2z Alo] prllAel 34 Ea
758 vlusle] AAElx HAE A E3v AAds] BA

A

o
4 i

ALe 3ol o} T 7)E9 MM~ AI a3
Hlaste] A Ral oA Sk QHGETL Folms
é%%(>ﬂﬁ%&ﬁW

201 84030202270)

References

[1] H. Kim, M. C. Harke, and R. D. Lorenz, “Sensorless
control of interior permanent magnet machine drives
with zero-phase-lag position estimation,” I/EEE Trans.
on Industry Applications, Vol. 3, pp. 1661-1667, Oct.
2002.

[2] J. Ha, K. Ide, T. Sawa, and S. Sul, “Sensorless rotor
position estimation of an interior permanent-magnet
motor from initial states,” [EEE Trans. on Industry
Applications, Vol. 39, No. 3, pp. 761-767, May 2003.

[3] KK W. Lee and J. Ha, “Evaluation of back-EMF
estimators for sensorless control of permanent magnet
synchronous motors,” Journal of Power Electronics, Vol.
12, No. 4, pp. 604-614, Jul. 2012.

[4] P. D. C. Perera, F. Blaabjerg, J. K. Pedersen, and P.
Thogersen, “A sensorless, stable V/f control method for
permanent-magnet synchronous motor drives,” [EEE
Trans. on Industry Applications, Vol. 39, No. 3, pp.
783-791, May 2003.

[5] J. TItoh, N. Nomura, and H. Ohsawa,
between V/f control and position-sensorless vector
control for the permanent magnet synchronous motor,”
in Power Conversion Conference (PCC), Vol. 3, pp.
1310-1315, Apr. 2002.

[6] J. H Jang, J. I Ha, M. Ohto, K. Ide, and S. K. Sul,
“Analysis of permanent-magnet machine for sensorless
control based on high-frequency signal injection,” /EEE

“A  comparison



356 BTANENAE 79 HEFA

Trans. on Industry Applications, Vol. 40, No. 6, pp.
1595-1604, Nov. 2004.

[71 J. I. Ha and S. K. Sul, “Sensorless field orientation
control of an induction machine by high frequency
signal injection,” IEEE Trans. on Industry Applications,
Vol. 35, No. 1, pp. 45-51, Oct. 1997.

[8] Z. Chen, M. Tomita, S. Ichikawa, S. Doki, and S.
Okuma, “Sensorless control of interior permanent
magnet synchronous motor by estimation of an
extended electromotive force,” in [EEE-IAS Annu.
Meeting, Rome, Italy, Vol. 3, pp. 1814-1819, Oct. 2000.

[9] S. Morimoto, K. Kawamoto, M. Sanada, and Y. Takeda,
“Sensorless control strategy for salient-pole PMSM
based on extended EMF in rotating reference frame,”
[EEE Trans. on Industry Applications, Vol. 38, pp.
1054-1061, Aug. 2002.

[10] I. Boldea, A. Moldovan, and L. Tutelea, “Scalar V/f and
I-f control of AC motor drives: An overview,” in 2015
Int]? Aegean Conference on Electrical Machines &
Power Electronics (ACEMP), pp. 8-17, 2015.

[11] M. Fatu, R. Teodorescu, I. Boldea, G. Andreescu, and
F. Blaabjerg, “I-F starting method with smooth
transition to EMF based motion-sensorless vector
control of PM synchronous motor/generator,” in IEEE
Power Electronics Spectioalists Conference (PESC),
Rhodes, pp. 1481-1487, 2008.

[12] A. Stirban, I. Boldea, G. Andreescu, D. Iles, and F.
Blaabjerg, “Motion sensorless control of BLDC PM
motor with offline FEM info assisted state observer,” in

KR
=

otm

106814 3% 0L, 1980 Ty M7=
¥ sz 1g9d sEDleb|sd ®y| 9

=35l X

dAME s Ag g

12th International Conference on Optimization of
Electrical and Electronic Equipment, Basov, pp.
321-328, 2010.

USH (2 RH)

199453 108 1724, 20199 SRS A
ofAIESetnt Fel 2021d & chste MA
st z?;( *AH 2021 ~ 8 9/ ot

ZHE(HEEN)

19644 28 2024, 1986 M2Ci H7|S
5ot £9. 19880 BRDfe|S M| ¥
MRS stz 5"*(’“AH. 199834 = =t

Aot (£2R)

g

b

-5 | RS EA(MAD. 20002 5 thEfe

i

. M7 2 MAZED ZQ(ZuD. 19914~
‘i’z 20084 LGHMAF Clx|e ofZajojoiA 01?

Molod el 2008 ~ K| SHEMEL MAIZ D}
| = 2

F_I
o

YUY, stefled 9. A G =tsl _c'?_l_olAl'.





