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Initial Rotor Position Detection a PM Synchronous Motor and Speed Control

of an Elevator Door

Ki-Young Songl, Hyun-Cheal Ohl, Kwan-Yuhl ChoT, and Hag—Wone Kim'

Abstract - This paper proposes an initial rotor position detecting algorithm of a PM synchronous motor using
an incremental encoder. The proposed algorithm estimates the phase offset between the rotor magnetic flux and
the Z-pulse of the incremental encoder by applying six aligning mode current control. The absolute rotor
position for driving a PM synchronous motor is calculated by using the phase offset of the Z pulse and A, B
pulse signals of the encoder. The PMSM drives based on the estimated rotor position is applied to the elevator
door system. The door length is measured on line at first setup of the elevator. The speed control for open,
close, and reopen of the elevator door is also presented and the proposed algorithm for the elevator door

system is verified by experiment.
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Table 1 Elevator door control sequence

Measure initial rotor position
(O rpset)
|
Measure door length
(Control distance, L)
!

Determine speed pattern of open & close

for required drive time (¢5)

|

Speed control
(Open, Close, Reopen)

upebd AA BHA 92000,)3 AaH A2,

o] WA= vt 2ol yeRd 4 Qv
eenc = or - gnffset (10)

AA B A=) A A 7F D (Zero)d Al <l
:”:19] Z Eﬂ}\ }\]i‘q OE@I eoffset ‘8_‘ 1% 8(0)01
ek uhe} o] R 20N TheE) o] epd 4
e,

Hoffset = %_eenc, mode2 (11)
2 (DA Z 2 Al5e] 22ZA 6, & 27
H47 914 A% A e o e i

RrE 2
Firg Yo2HA 945 24 F gtk 4 (107 )=
TH sHAte] FAAE vt 2ol vEhd S olrh

2l

™

= aenc_enffset = eenc_ 5+ 0 (12)

>

enc_mode2

IH'IlolE'I _|_0‘| :[LE AI%A
ATYE ALEF TAN F/AE/E de
) 9 ARLE § D 2,
%7]E 6 }\EJI xqe:l

2
o2
-
_|>i
1%
o m\m
N,
r>~l

O I x
QA

ﬁ(aoffsgt)e é‘ ?}‘:} ?ﬂ

L=ZA 7+ sy A, B

H $x7te = —rE1 2] (12)9‘r ¥y ] 3
&

(Creep speed)i A

Ld el A ek

HoZ dlE 97

Table 2 Motor parameters

Source voltage 220 14
Number of poles 8

Phase resistance () 118 0

q-axis inductance (Z,) 1.0062 H

d-axis inductance (Z,) 0.6434 H

Magnet flux (),,) 0.6447 1224

Moment of inertia (/) 0.00041 Nm?
4 MY Az

29 9 Aok Aziuoly me] Ao AmelEL
Az 98 A9RAE eda 19 108 97
1\4 57];(457] 2l X‘“‘HEEE L}EME} o]u};d o=z 49
2 o] g _,_o{‘* h= 2} A Bk ol _,_o.]E ok
A glE 7HCar) =o], #d(Landing) == —T“é
Hrh 2 Adel AREE djMoly mojo £
400mm= 5 Eole] F Aol 800mmeltt. o] 7|+
oA 7} o] 2 WY oje] FA= o TokgolRE =
ol HAl FAE wFr] HAsto] FHg-o Zojo 7z}
kgl H¥s FAoA

I7AN 5057 E
TMS280355 AF8-3F3 3L
steleh. 29l A48 7R

= 3E 29 2

I-ﬂ

FEH] AR ZRANE

PWM F3+= 10kHz= A7
71dE71e] vty

(b) Control board
Fig. 10 Motor and control board

(a) PM synchronous motor



(o
D
[\

W
o
—_
—
rlo
@
[>
i)
o
e

AR P
N
o
2
N,
)\
oxl
b

- i
2 [
o,
>
9
A
i

o N
o2l

>

* 11 &
o
U g

2 2
N

{0 _Qi
K
o

Of
-

=t
ok

= 3o
rlr
oy
fuj
B
~

r2 rlo
N
=)
[>
o

)
=
>
° To
s
o

.
T,
>,

ol .
i
Q‘L
oL ®
&
3a!
I
—_
4
hin
>

2
)
0]
po U
)
X
_O‘L
9
1
fo [ toh
—
2

o, o
b0 2
il

i

Ir
f
o
&N
ot
iy
-}

o
rlr

X

¢

e —
il
U
AR
o
oft tot

o W

0

o fro o fuorlr
o I gl ol X o

2 2

lo

:oé

t
2

N

=M

1R R o O M E i oft ok Io

o
bt

3

o

o

4

5o,

X

K
2
N

2
ol
ol
XN,
rir
I o
ol
ol
=
ey
>
g
o
fru
ful
tlo
rlr 1‘13
[
N
ro
N
o2l i [o oo

o
o

O;
[t
N

—_

rO
N

—_

i)

oo

[
f
Mo

oxl
e pe
o
o

)
o
iy

td

M=

o
)
i
ol
f piet,
tott
[
2o

P
[
it}

Ao z7] §4
278 3a4e A
AR AN

b oeg BAg

L
4o 2
vr&
R
o
N

12
q

o, _11\1
o
sk
=

(
—

e e
ol o o3,
a

o |0

N
il
ot
N
H
ot
b
k1

o,
2
=
on:

4 oft

To |
N

=

o2

e

i)

B

i [y Sk
Mo g @
N
=1
toby
R
N
(o
Ho
P
o
rf
ol

Qo =
o
zu!
iy
do o =
W2
o2 2
]
nj
do
B ot

1o Hu
Ho
[

AoflA] 7 3

ox

O e oxt
T
-
E
fol

Deteét initial rotor position Measure door length

‘ H Creepspeed | { Creep speed
i(l | ‘* n ! i

Ty ..,;‘W Mt -‘a %@W WAM

—&;f'_"

e .

i

200mA/div., Ssec/div.

Fig. 11 Measure initial rotor position and door length

pe et

e | Lo | ™ |
*-J‘I"' s . i i'”l'EOJr'riK/div 2sei:-d{v
a lel Lo o L = il |

117.5° (6,5, = —27.5°)

Fig. 12 Measured offset angle of encoder Z pulse

The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 6, December 2013

9 135 628 AELAow =AY day Z I
29 oz 743t A=) AARENE 2 (12 A
b A FEAAG 28 971dEs vehdg #4
g AR YgAE b g71A" 72 R 9 A
AATE & 7 odvk 2" 13914 2 971 9%
3|42k ZIEAAel e sy 7 Bao) Q:A 7he

71¢] MTPA &4 %ol glo]
Aole] & 4= glon} B

S
o] 4ol 2 Jgo] gt

@ ean 1 33.5V/div., 0 : 2rad/div ., 200msec/div

Fig. 13 Real offset angle of encoder Z pulse

117 rpm

Close mode

i

I
I
I
I
I
1
i
I
|
I
I

Open mode

50rpm/div., 1sec/div.

(a) Speed profile and real speed

i, : 400mA/div., i, : 200mA/div., Lsec/div.

Open Close
(b) a phase and g-axis currents

Fig. 14 Speed and current for ts = 2.2sec



FTAA F71AE79 HAA 279A AE R devlolE Eole] SEAo] 563

a9 14 AAR A dejulolE oje @3 U
A A7hS 22329 FEA7IOE AR AL wole
LAl 55 yepdith, dejwolE ool o]FAg Reopen
+= 40cm= 7‘(:]_%-7]5“: ]ﬁ124 =4 36§]7‘<:]_E 5],\;}_ 1:01/] command
dg3t 23 A 2ole] EEE Adem/secE HAANY U
om o] ¢ A 2YY RIADE LF AF 9
AE79 Hudrs £ugeoRRE oF [[7rpmoE
depde dulolE moje] B¢ wumest e Close 1< / ! Reapen
SgRofol] Hle w$ AR oo sp&EFIelA A = =

50 /div., 1sec/div.
£7)9 Eat g&edd W =A e g T
14b)el UERE vrel o] FlETrrolAe] gF ARLE (a) Speed profile and real speed

oF S00mAR A%ed kel 200mAd] Wla] o 25v) , —
= ehe] o) ARl Ae A%y Bt A% |
7kl uls) of 250 Aw FL ofv] g, i |

a8 159 a9 165 AZARSFA dgH|olE Zo o SE——— Y
o] 93] W I A|7HS Z47F 35%2 ZAA AT AL
o} 1928 FFAEG 2 AAH F9-9 ol & B
©omedel 9 A SEE G, o A9dlE §
Ao R AR A9 o] =olo ddd &3 A >
Eolt JlESE 2 FAAE B FEFS < 5 9 |
q_ a1 150” L}-E]“r_} H}Q} Z:_]'O] _1]:_0194 g9 4 %L—‘;g:]! Braklngtorque 500mA/div., 1sec/div |
AZHe 35%2 AA AAT HS AEFAAMY £& (b) a phase and g-axis currents
= 6pmo® ¥FFAIZF 22%9 AHLLEo wE] of Fig. 17 Speed and current for reopen when the door is
5499] &5 2 ol S o 4 it} Hide Lol o slightly closed
W W owe AQe 1922 B 44T A% A&7

AN HEE IGmmoE  EEATS ASEE - |
117rpm°ﬂ n)&j <k 48rpm Z71sks & 4+ ) command *._ :

Close mode

N
1.
i

Open mode 50rpm/div., Isec/div. |

(a) Speed profile and real speed

50rprn/d1v 1 sec/dlv

Fig. 15 Speed profile and real speed for ts = 3.5sec

Braking torque 500, 4 /div., 1sec/div

(b) a phase and g-axis currents
Fig. 18 Speed and current for reopen when the door is

80rpm/div., 1sec/div.

Fig. 16 Speed profile and real speed for ts = 1.9sec nearly closed



564 The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 6, December 2013

o] Ho] £oj7} %
dveia e o
& Aag, Eom 2 LA g A
gelo] WAE WA AU A

& Aok
a9 188 Eoj7} 7H 23 Aol A Add o
A A9 £% 9 dRE dEhdoh +0%7} 7{9] =3
g Al-eA gy HEo] e BAE QL™ ATt
S oF 21%E 99 HE9 EFEAC 22ziq oF7}
A depds & A
5 8 &

S
F71dE719 A AAHES Sste] SRF A=y
9 Z 25 V|EoR 648 FERES o] x
7] A GrA e A=A e Z Ao e =ZA 7

T A Ae7le Aser 499 38 &<
HhEste] 27] dejuloly A Al deulolE =of e
olsAHE FAstw AAA uE =olo dyI
2Rlo] QT EE RFAR wEl Eojo Hhaiys
Aol71el A Aeoz AAsA. £ koo ALH
Al Bejold RER FAgo R wWE A Wl =S
BAANZ Ak AQtd Aoy kmoje] &HmAof
2 GTA F71dEv1e] A fAAE daess

AFow AZsgrh

= s mYATTet 201d s MAS YA

7o MUz st=o|HX|7|=E I (KETEP)2| |

HS dHrob EFH A5 (Mo, 20114010203030)

.

References

[1] K. Y. Song, K. Y. Cho, H W. Kim, and H. C. Oh,
“Position control algorithm of a PMSM for the elevator
door system,” Conference of KIPE, pp. 17-18, Nov.
2012.

[2] J. A. Gingrich, “Method and apparatus for producing a
speed pattern for an elevator car or similar vehicle,”
US. Patent, No. 4, pp. 220-221, 1980.

[31 K Y. Cho, Y. K. Lee, H. S. Mok, H. W. Kim, B. H.
Jun, and Y. Cho, “Torque ripple reduction of a PM
synchronous motor for electric power steering using a
low resolution position sensor,” Jownal of Power
FElectronics, Vol. 10, No. 6, pp. 709-716, Nov. 2011.

[4] S. Ostlund and M. Brokemper, “Initial rotor position
detections for an integrated PM synchronous motor
drive,” Proceedings of 30th IEEE Industry Applications
Society Annual Meeting, pp. T41-747, 199.

[5] H. C. Oh, H. W. Kim, K. Y. Cho, K. Y. Song, and B.
M. Han, “Initial Rotor position detecting algorithm of
PMSM using incremental encoder with Z pulse,”
Conterence of KIPE, pp. 21-22, Nov. 2012.

[6] T. W. Kim, J. Watanabe, S. Sonoda, and J. Hirai, “Initial
pole position estimation of surface PM-LSM,”
Journal of Power Electronics, Vol. 1, No. 1, pp. 1-8,
April 2001.

[71 J. W. Choi, “Initial
pole-position  estimation  of IEE
Proceedings of Electric Power Applications, Vol. 152,
No. 4, pp. 997-1002, July 2005.

W. E. Yun, and H G Kim,
linear  motor,”

1985 1 20124 EH=mEL] A
oA Sstn £ 2012d~8A = st
AMALFA,

SHEHE(RKH)

19874 118 52M, 20124 St=w& |
ofAZetnt B 012d~#H £ ezt
MARRRY,

28 202, 19868 Matl M7
T, 19884 shmatsty|=d MUY
19934 = =t

Shat B(M A,
Bkn} Sl 199391 ~2004
DA T2 i 2jod T8l 200414 ~

& st3| ShE0[AL

. 1989 Oy
e s
1AD. 2005 &
19914 ~200

oo
FIANIRN]

[e¢]

00 0O i rdo %8 o

e
I
e
41 F
b
-2




